TOSHIBA

TLCS-90 Series TMP90C400/401

CMOS 8-Bit Microcontrollers
TMP90C400N/TMP90C401N
TMP90C400F/TMP90C401F

1. Outline and Characteristics

The TMP90C400 is a high-speed advanced 8-bit microcontroller (4)  Internal RAM: 128 bytes
applicab|e toa Variety of equipmen’[. (5) Memory expansion
With its 8-bit CPU, ROM, RAM, timer/event counter and gen- External memory: 60K bytes

eral-purpose serial interface integrated into a single CMOS chip,

the TMP90C400 allows the expansion of external (6)  General-purpose serial mtgn‘ace (1 channel)
memories for programs and data (up to 60K bytes). The Asynchronous mode, I/O interface mode
TMP90C401 is the same as the TMP90C400 but without (7)  8-bit timers (4 channel): (2 external clock inputs)
ROM. (8)  Port with zero-cross detection circuit (4 inputs)

The TMPO0C400N/401N is in a shrink Dual Inline Package 9)  Input/Output ports (56 pins)
(SDIP64-P-750).

The TMPI0C400F/401F is in a Quad Flat package - Ports with programmable pul-up resistor (22 pins)

(QFPB4-P-1420A) - Allows I/O selection on bit basis
The characteristics of the TMP90C400 include: - Multiplexer ports of address data bus
(10)  Interrupt function: 7 internal interrupts and 3 external
(1) Powerful instructions: 163 basic instructions, including interrupts
Multiplication, division, 16-bit arthmetic operations, bit  (11)  Micro Direct Memory Access (DMA) function (8 channels)
manipulation instructions (12)  Standby function (4 HALT modes)

(2)  Minimum instruction executing time: 320ns (at
12.5MHz oscillation frequency)

()  Internal ROM: 4K bytes (The TMP90C401 does not
have a built-in ROM)

The information contained here is subject to change without notice

The information contained herein is presented only as guide for the applications of our products. No responsibility is assumed by TOSHIBA for any infringements of patents or other rights of the third parties
which may result from its use. No license is granted by implication or otherwise under any patent or patent rights of TOSHIBA or others. These TOSHIBA products are intended for usage in general electronic
equipments (office equipment, communication equipment, measuring equipment, domestic electrification, etc.) Please make sure that you consult with us before you use these TOSHIBA products in equip-
ments which require high quality and/or reliability, and in equipments which could have major impact to the welfare of human life  (atomic energy control, spaceship, traffic signal, combustion control, all types
of safety devices, etc.). TOSHIBA cannot accept liability to any damage which may occur in case these TOSHIBA products were used in the mentioned equipments without prior consultation with TOSHIBA.
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Figure 1. TMP90C400 Block Diagram
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TMP90C400/401

2. Pin Assignment and Functions

This section describes the assignment of input/output pins, their

names and functions.

(NMI)
(WAIT)
(ADO)
(AD1)
(AD2)
(AD3)
(AD4)
(ADS)
(ADB)
(AD7)

2.1 Pin Assignment

Figure 2.1 (1) shows pin assignment of the TMPO0C400N/
401N.

P40 (] 1
P41 ]2
P42 ] 3
P43 4
P44 (] 5
P45 ] 6
P46 |7
P47 18
P50 (]9
PS1 ] 10
P52 ] 11
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PS4 []13
P55 |14
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Figure 2.1 (1). Pin Assignment (Shrink Dual Inline Package)
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Figure 2.1 (2) shows Pin Assignment of the TMP90C400F/401F.
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Figure 2.1 (2). Pin Assignment (Flat Package)
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2.2 Pin Names and Functions

The names of input/output pins and their functions are summa-
rized in Table 2.2.

Table 2.2 Pin Names and Functions (1/2)

Pin Name No. of pins 1/0 3 states Function
P00 - PO7 1/0 Port 0: 8-bit I/0 port that allows selection of input/output on byte basis
JADO ~ AD7 8 3 states Address/Data bus: Functions as 8-bit bidirectional address/data bus for external memory (For 401, fixed to
address/data bus)
b0 P17 1/0 Port 1: 8-bit I/0 port that allows selection on byte basis
/A8 ~ A15 8 Output Address bus: Functions as address bus (upper 8 bits) by EXT1 set for external memory (For 401, fixed to
address bus
Port 20 ~ 23: 4-bit I/0 port with a pull-up resistor that can be programmed, and allows selection of
P20 ~ P23 4 1/0 . L
input/output on bit basis
10 Port 24: 1-bit I/0 port with a pull-up resistor that can be programmed, and allows selection of input/output on
bit basis
P24 1
JNMI ot Non-maskable interrupt request pin: Falling edge interrupt register pin
npu —\
Port 25: 1-bit 1/0 port with a pull-up resistor that can be programmed, and allows selection of input/output on
P25 110 it b
AT 1 bit basis
/WAIT - - - -
Input Wait: Input pin for connecting slow speed memory of peripheral LSI
P26 : Output Port 26: 1-bit output port
/RD Output Read: Generates strobe signal for reading external memory (For 401, fixed to RD)
pe7 ] Output Port 27: 1-bit output port
/WR Output Write: Generates strobe signal for writing into external memory (for 401, fixed to WR)
10 Port 30: 1-bit I/0 port with a pull-up resistor that can be programmed, and allows selection of input/output on
P30 bit basis
/INTO 1 Interrupt request pin 0: Interrupt request pin (Level/rising edge is programmable)
i A
A
Port 31: 1-bit I/0 port with a pull-up resistor that can be programmed, and allows selection of input/output on
bit basis
P31 1 Inout
JINT1 npu Interrupt request pin 1: Rising edge interrupt request pin
_/
10 Port 32: 1-bit I/0 port with a pull-up resistor that can be programmed, and allows selection of input/output on
/Pﬁg 1 bit basis
Input Timer input 0: Counter input pin for Timer 0
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Table 2.2 Pin Names and Functions (2/2)

Pin Name No. of pins 1/0 3 states Function
Port 33: 1-bit I/0 port with a pull-up resistor that can be programmed, and allows selection of input/output
P33 1/0 o
e 1 on bit basis
Input Timer input 2: Counter input pin for Timer 2
Port 34: 1-bit 1/0 port with a pull-up resistor that can be programmed, and allows selection of input/output
P34 110 i b
1 on bit basis
/101 — -
Input Timer input: Output of Timer 0 or 1
P35 y 10 Port 35: 1-bit 1/0 port with a pull-up resistor that can be programmed, and allows selection of input/output
/RxD on bit basis
Port 36: 1-bit 1/0 port with a pull-up resistor that can be programmed, and allows selection of input/output
P36 /0 it basi
1 on bit basis
/SCLK -
Output Serial clock output
Port 37: 1-bit I/0 port with a pull-up resistor that can be programmed, and allows selection of input/output
P37 110 b
1 on bit basis
D - -
Output Transmitter serial data
P40 ~ P47 8 1/0 Port 4: 8-bit I/0 port that allows 1/0 selection on bit basis
P50 - P57 8 10 Pprt 5:.1—b|t /0 port with a pull-up resistor that can be programmed, and allows selection of input/output on
bit basis
P60 ~ P67 8 1/0 Port 6: 8-bit I/0 port that allows I/0 selection on bit basis
ALE 1 Outout Address latch enable signal: The negative edge ALE supplies an address latch timing on ADO ~ AQ7 for
p external memory
A 1 Inout External access: Connects with V¢ pin in the TMPI0C400 using internal ROM, and with GND pin in the
P TMP90C401 with no internal ROM
CLK 1 Output Clockl output: Generates clock pulse at 1/4 frequency of clock oscillation. It is pulled up internally during
resetting.
RESET 1 Input Reset: Initializes the TMP90C400/401 (Built-in pull-up resistor)
X1/X2 2 Input/Output Pin for quartz crystal or ceramic resonator (1 ~ 12.5MHz)
Voo 1 - Power supply (+5V)
Vsg 1 - Ground (0V)
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3. Operation
This chapter describes the functions and the basic operations
of the TMP90C400/401 in every block.

The following is a description of TMP90C400 which can
also be applied to TMP90C401, if not specifically defined
otherwise.

3.1 CPU

The TMP90C400 includes a high performance 8-bit CPU. For
the function of the CPU, see the book TLCS Series CPU
Core Architecture concerning CPU operation. This chapter
explains exclusively the functions of the CPU of TMP90C400
which are not described in th that book.

3.1.1 Reset

The basic timing of the reset operation is indicated in Figure
3.1 (1). In order to reset the TMP90C400, the RESET input
must be maintained at the “0” level for at least ten system
clock cycles (10 stated: 2usec at 10MHz) within an operating
voltage band and with a stable oscillation. When a reset
request is accepted, all I/O ports function as input ports (high
impedance state). The P26 (RD), P27 (WR) and CLK pins that
always function as output pins turn to the “1” level. The dedicated
input ports remain unchanged. The registers of the CPU also
remain unchanged. Note, however, that the program counter PC,
the interrupt enable flag IFF are cleared to “0”. Register A shows an
undefined status.

When the reset is cleared, the CPU starts executing
instructions from the address O0O00H.
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Figure 3.1 (1a). TMP90C400 Reset Timing

* P20 ~ P25, P30 ~ P37 and P50 ~ P57, which have programmable pull-up resistors, remain “High” while resetting, unless input “Low”.
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3.1.2 EXF (Exchange Flag)

For TMPO0C400, “EXF”, which is inverted when the command

Figure 3.1 (1b). TMP90C401 Reset Timing

and the auxiliary register, is allocated to the first bit of memory

“EXX” is executed to transfer data between the main register

STBMOD
(FF8FH)

address FF8FH.

7 3 5 4 3.2 1 0
bit Symbol - - - - HALTM1 HALTMO EXF DRIVE
Read/Write - - - R/W R RIW
Resetting - - - i - 0 : 0 |Jundefined| o

Standby mode Invert 1:
_ 00: RUN mode each time | to drive
’ EXXinst- | pinsin
Function 01:5TOP  mode |ryctionis |STOP
10:IDLE1  mode |executed |mode
11:IDLEZ mode
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3.1.3 Wait Control

For TMP90C400, a wait control register (WAITC) is allocated

P2FR
(FF86H)

Prohibit
Read
Modify
Write

to the 5th and 6th bits of memory address FF86H.

6 : 5 4 0
bit Symbol WAITC1 WAITCO NMIC EXT
Read/Write RIW R/W w
Resettin :
Valge 2 0 i 0 0 0
Wait control NMI AB-15
. control 1comrol
00: 2state wait 0: general | :0: general
Function 01: normal wait -purpose -purposs
: port
10: non wait port L
1: input :1: Address
11:reserved NI Bus

10
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3.2 Memory Map

The TMP90C400 supports a program memory and a data
memory of up to 60K bytes.

The program and data memory may be assigned to the

address space from 0000H to FFFFH.

(1)

Internal ROM

The TMP90C400 internally contains an 4K-byte ROM.
The address space from 0000H ~ OFFFH is provided
to the ROM. The CPU starts executing a program
fromn O000H by resetting.

The addresses 0010H ~ 005FH in this internal ROM area
are used for the entry area for the interrupt processing.
The TMP90C401 does not have a built-in ROM; therefore,
the address space 0000H ~ OFFFH is used as external
memory space.

Internal RAM

The TMP90C400 also contains a 128-byte RAM,
which is allocated to the address space from FFOOH ~
FF7FH. The CPU allows the access to a certain RAM
area (FFOOH ~ FF7FH, 128 bytes) by a short operation
code (opcode) in a “direct addressing mode”.

The addresses from FF20H to FF5FH in this RAM area
can be used as parameter area for micro DMA processing
(and for any other purposes when the micro DMA
function is not used).

Internal I/O

The TMP90C400 provides a 32-byte address space as
an internal I/O area, whose addresses range from FF80H
to FFOFH. This I/O area can be accessed by the CPU
using a short opcode in the “direct addressing mode”.
Figure 3.2 is a memory map indicating the areas
accessible by the CPU in the respective addressing mode.

TOSHIBA CORPORATION
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0000H

1000H

FFOOH 7 77

FF8OH

FFAOH

FFFFH

T

Internal ROM
(4K bytes)

7

External Memory
(60K bytes)

Internal RAM
(128 bytes)

s

Internal I/ O %

/ (32 bytes)
A

External Memory
(96 bytes)

Program

& Data Area

(BQ)
(DE)
(HL)
(1X)
(1Y)
(SP)
(IX +d)
(1Y +d)

(HL+A)
(nn)

Direct Area

(SP+d) —§

(n)

Figure 3.2 (a). Memory Map of TMP90C400

12
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0000H
Program & Data Area
External Memory
(64K bytes)
’ (BQ)
(DE)
(HL)
(IX)
(1Y)
(SP)
(X +d)
(1Y +d)
FFOOH (SP+d) —§
(HL+ A)
Internal RAM (nn)
(128 bytes) n
FF80H )
Internall/ O Direct Area
(32 bytes) (n)
FFAQH
External Memory
(96 bytes)
FFFFH ¥

Figure 3.2 (b). Memory Map of TMP90C401
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3.3 Interrupt Functions

The TMP90C400 supports a general purpose interrupt processing
mode for internal and external interrupt requests and a micro
DMA processing mode that enables automatic data transfer
by the CPU. After the reset state is released, all interrupt
requests are processed in the general purpose interrupt

Interrupt Processing

processing mode. However, they can be processed in the
micro DMA processing mode by using a DMA enable register
to be described later.

Figure 3.3 (1) is a flowchart of the interrupt response
sequence.

I Reading of Interrupt Vector 'V’ ]

Micro-DMA
Proceccing Mode

YES

General—Purpose Interru

Processing

pt Micro-DMA
Processing

Figure 3.3 (1). Interrupt Response Flowchart

When an interrupt is requested, the request is to the inter-
rupt transmitted to the CPU via an internal interrupt controller.
The CPU starts the interrupt processing if it is a non-maskable
or maskable interrupt requested in the El state (interrupt enable
flag (IFF = “1”). However, a maskable interrupt requested in the
Dl state (IFF = “0”) is ignored. An interrupt request is sampled by
the CPU at the falling edge of the CLK signal in the last bus
cycle of each instruction.

By receiving an interrupt, the CPU reads out the interrupt
vector from the internal interrupt controller to find out the interrupt
source.

Then, the CPU checks if the interrupt requests the general
purpose interrupt processing or the micro DMA processing,
and proceeds to each processing.

As the reading of an interrupt vectors is performed in the
internal operating cycles, the bus cycle results in dummy
cycles.

3.3.1 General-purpose Interrupt Processing

A general-purpose interrupt is processed as shown in Figure
3.3 (2).

The CPU stores the contents of the program counter PC
and the register pair AF (including the interrupt enable flag (IFF)
before an interrupt) into the stack, and resets the interrupt
enable flag IFF to “0” (disable interrupts). In then transfers the
value of the interrupt vector “V” to the program counter, and
the processing jumps to an interrupt processing program.

The overhead for the entire process from accepting an
interrupt to jumping to an interrupt processing program is 20
states.

14
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General-Purpose
Interrupt Processing

(SP - 1) &« PCH
(SP -2) «~PCL
(SP-3) A

(SP - 4) « F (include IFF)

SP«5SP -4

20 states
4.5 (@10MHz)
3.2us (@12.5MHz)

IFF <0

| PC « V

7

program

Interrupt processing

RETI instruction
F « (SP)
A« (SP+1)

PCL « (SP+2)
PCH « (5P +3)
SP « SP+4

Figure 3.3 (2). General-Purpose Interrupt Processing Flowchart

An interrupt (maskable and non-maskable) processing
program ends with a RETI instruction.

When this instruction is executed, the data previously
stacked from the program counter PC and the register pair AF
are restored. (Returns to the interrupt enable flag (IFF) before
the interrupt.)

After the CPU reads out the interrupt vector, the interrupt
source acknowledges that the CPU accepts the request, and
clears the request.

A non-maskable interrupt cannot be disabled by pro-
gram. A maskable interrupt, on the other hand, can be
enabled or disabled by programming. An interrupt enable flip-
flop (IFF) is provided on the bit 5 of Register F in the CPU. The
interrupt is enabled or disabled by setting IFF to “1” by the El
instruction or to “0” by the DI instruction, respectively. If is
reset to “0” by the reset operation or the acceptance of any
interrupt (including non-maskable interrupt). The interrupt can be
enabled after the subsequent instruction of El instruction is exe-
cuted.

Table 3.3 (1) lists the possible interrupt sources.

TOSHIBA CORPORATION
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Table 3.3 (1) Interrupt Sources

Start Start
Priority Vector Vector address of aqdress of
order Type Interrupt source Value Value gene_ral- Micro D!VIA
+8 purpose interrupt processing
processing parameter
1 Non- SWiinstruction ___ 02H 10H 0010H -
2 maskable NMI (Input from NMI pin) 03H 18H 0018H -
3 INTO (External input 0) 04H 20H 0020H FF20H
4 INTTO (Timer 0) 05H 28H 0028H FF28H
5 INTT1 (Timer 1) 06H 30H 0030H FF30H
6 Maskable INTT2 (Timer 2) 07H 38H 0038H FF38H
7 INTT3 (Timer 3) 08H 40H 0040H FF40H
8 INT1 (External input 1) 09H 48H 0048H FF48H
9 INTRX (End of serial receiving) 0AH 50H 0050H FF50H
10 INTTX (End of serial transmission) 0BH 58H 0058H FF58H

The “priority order” of Table 3.3 (1) shows the order of
the interrupt source to be acknowledge by the CPU when
more than one interrupt are requested simultaneously.

In interrupt of 4 and 5 orders are requested simultaneously,
for example, an interrupt of the “5th” priority is acknowledged
after a “4th” priority interrupt processing has been completed
by a RETI instruction. However, a lower priority interrupt can
be acknowledged immediately by executing an El instruction
in a program that processes a higher priority interrupt.

The internal interrupt controller merely determines the priority
of the sources of interrupts to be acknowledged by the CPU
when more than one interrupt are requested at a time. It is,
therefore, unable to compare the priority of interrupt being
executed with the one being requested. To permit another
interrupt during a cetain iterrupt operation, set the interrupt
enabling flag for the source of the interrupt to be allowed, and
execute the El command.

3.3.2 Micro DMA Processing

Figure 3.3 (3) is a flow chart of the micro DMA processing.
Parameters (addresses of source and destination, and transfer
mode) for the data transfer between memories are loaded by
the CPU from an address modified by an interrupt vector
value. After the data transfer between memories according to
these parameter, these parameters are updated and saved into
the original locations. The CPU then decrements the number of
transfers, and completes the micro DMA processing unless
the result is “0”.

If the number of transfer becomes “0”, the CPU proceeds
to the general-purpose interrupt processing described in
the previous item.

16
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(Mmro DMA Processmg)

Loading of Parameters
DST « (FFOOH+V+1)W
SRC « (FFOOH +V +3)W
CMD ¢ (FFOOH +V +5)

|

Data Transfer between Memaories
(DST) « (SRC)
DST « DST +0/1/2
SRC « SRC £ 0/1/2

|

Saving of Update Parameters
(FFOOH + V + 3) W « SRC
(FFOOH +V + 1) W « DST

|

Decrement of No. of Transfer DsT . Destination
COUNT « (FFOOH + V) SRC . Source
COUNT « COUNT -1 CMD : Command (Transfer mode)
(FFOOH + V) « COUNT COUNT : Count (Number of transfer)

General-purpose
Interrupt Processing

Figure 3.3 (3). Micro DMA Processing Flowchart

The micro DMA processing is performed by using only methods using software. The CPU registers are not affected
hardware to process interrupts mostly completed by simple by the micro DMA processing.

data transfer. The use of hardware allows the micro DMA processing

to handle the interrupt in a higher speed than the conventional the micro DMA processing.

Figure 3.3 (4) shows the functions of parameters used in

TOSHIBA CORPORATION
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FFOOH +V +0 . 1 Number of transfer ] 1~256
FFOOH +V + 1 L Destination address (Lower) ]
0~64K
FFOOH +V + 2 : Destination address (Upper) | ]
FFOOH +V + 3 : Source address (Lower) \
0~64K
FFOOH +V + 4 : \ Source address (Upper) i
7 6 5 4 3 2 1 0
FFOOH +V + 5 : [ X | X X x| 0x [ | | (Transfer mode)
0 0 = Fixcurrentdestination
/source addresses
0 1 = Incrementdestination
address
1 0 = Incrementsource address
1 1 = Decrementsource address

1-byte transfer
2-byte transfer

(Note) x:don’t Care

Figure 3.3 (4). Parameters for Micro DMA Processing

The parameters for the micro DMA processing are located The amount of data transferred by a single micro DMA
in the internal RAM area (See Table 3.3 (1) Interrupt Sources). processing is 1 or 2 bytes. The number of transfers is 256
The start address of each parameter is “FFOOH + interrupt when the number of transfers value is “00H”. Both the destination
vector value”, from which a six bytes’ space is used for the and source addresses are specified by 2 byte data. The
parameter. This space can be used for any other memory address space available for the micro DMA processing ranges
purposes if the micro DMA processing is not used. fromm OOO0H to FFFFH.
The parameters normally consist of the number of trans- Bits 0 and 1 of the transfer mode indicates the mode
fer, addresses of destination and source, and transfer mode. updating the source and/or destination, and the bit 2 indicates
The number of transfer indicates the number of data transfer the data length (1 byte or 2 bytes).
accepted in the micro DMA processing. Table 3.3 (2) shows the relation between the transfer
mode and the result of updating the destination/source
addresses.
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Table 3.3 (2) Addresses Updated by Micro DMA Processing

Transfer . Destination Source
Mode Function address address
000 1-byte transfer: Fix the current source/destination addresses 0 0
001 1-byte transfer: Increment the destination address +1 0
010 1-byte transfer: Increment the source address 0 +1
011 1-byte transfer: Decrement the source address 0 -1
100 2-byte transfer: Fix the current source/destination addresses 0 0
101 2-byte transfer: Increment the destination address +2 0
110 2-byte transfer: Increment the source address 0 +2
11 2-byte transfer: Decrement the source address 0 -2
In the 2 byte transfer mode, data are transferred as follows: CALL SIOINIT ; Initial setting for serial addressing.
SET 1, (OFFEQH) ;  Enable an interrupt for serial data
(Destination address) « (Source address) receiving.

(Destination address + 1) — (Source address + 1)

Similar data transfers are made in the modes that
“decrement the source address”, but the updated address
are different as shown in the Table 3.3 (2).

Address increment/decrement modes are applied to
memory address space and fixed addressing modes are
applied to the I/O address space. Beacause of that, the micro
DMA was designed for both 1/0 to memory transfers and
memory to I/O transfers.

Figure 3.3 (5) shows an example of the micro DMA
processing that handles data receiving of internal serial I/O.

This is an example of executing “an interrupt processing
program after serial data receiving” after receiving 7-frame
data (assuming 1 frame = 1 byte for this example) and saving
them into the memory addresses from FFOOH to FFO6H.

SET 1, (OFFE9H) ;  Set the micro DMA processing
mode for the interrupt.
LD (OFF50H),7 ;  Set the number of transfer = 7
LDW (OFF51H),
OFFOOH ;. Set FFOOH for the destination
address.
LDW (OFF53H),
OFFEBH ;. Set FFEBH for the source (serial
receiving buffer) address.
LD (OFF55H),1 ;  Set the transfer mode (1 byte
transfer: Increment destination
address.)

El

ORG  0050H

Interrupt processing program
after serial data receiving

RETI

Figure 3.3 (5). Example of Micro DMA Processing
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The bus operation in the general- purpose interrupt process- The micro DMA processing time (when the number of trans-
ing and the micro DMA processing is shown in “Table 1.4 (2)

fer is not decremented to 0) is 46 states without regard to the
Bus Operation for Executing Instructions” in the previous sec- 1-byte/2-byte transfer mode.
tion.

Figure 3.3 (6) shows the interrupt processing flowchart.

Interrupt processing

Reading of
Interrupt Vector 'V’
Interrupt Request F/F clear

Micro-DMA

YES
Processing Mode
NO ]
Data Transfer for
Micro-DMA

G Lp PUSH PC
eneral-Purpose )

Interrupt PUSH AF IVCOUNT<—COUNT—1 ] Micro-DMA

Processing IFF « 0 Processing

PCeV

Vi

Interrupt Processing

Program

|

Instruction of RETI
( POP AF )
POP PC

[

END

Figure 3.3 (6). Interrupt Processing Flowchart
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3.3.3 Interrupt Controller

Figure 3.3 (8) outlines the interrupt circuit. The left half of
this figure represents an interrupt controller, and the right side
comprises the CPU interrupt request signal circuit and HALT
release signal circuit.

The interrupt controller consists of Interrupt Request Flip-
flops, Interrupt Enable flags, and micro DMA enable flags
allocated to each of 14 channels. The Interrupt Request Flip-
flops serve to latch interrupt requests from peripherals. Each
flip-flop is reset to “0” when a reset or interrupt is acknowledged
by the CPU and the vector of the interrupt channel is read into
the CPU, or when the CPU executes an instruction that clears

an Interrupt Request Flip-flop for the specified channel (write
“vector divided by 8” in the memory address FFC3H). For
example, by executing.

LD (FFOEH), 58H/8,

The Interrupt Request Flip-flops for the interrupt channel
“INTT1” whose vector is 30H is reset t0”0”. The status of an
Interrupt Request Hip-flops is found out by reading the memory
address FFC2H or FFC3H. “0” denotes there is not interrupt
request, and “1” denotes that an interrupt is request. Figure 3.3
(7) illustrates the bit configuration indicating the status of Interrupt
Request Flip-flops.

IRF 7 6 5 4 3 2 1 0
(FFOEH) |l symbol | IRFO | IRFTO | IRFT1 | IRFT2 | IRFT3 | IRF1 | IRFRX | IRFTX
Read/Write R (Only IRF clear code can be used to write)
Vaewra | o [ o o JoJoJoJ o o
Function 1 : Interrupt being requested (IRF is cleared to “0” by writing IRF clear code
l—» INTTX request flag
L INTRX request flag
INT1 request flag
INTT3 request flag
INTT2 request flag
INTT1 request flag
INTTO request flag
INTO request flag
(Caution)  Writing “vector divided by 8" into the memory address FFOEH clears the Flip-Flop for

the specified interrupt request.

Figure 3.3 (7). Configuration of Interrupt Request Flip-Flops
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SwWi
Instruction V=10H —
M V=18H
INTO V=20H —
2 Input OR
Micro DMA Enable Flag \_ ™
Dn b Qr— L Non-maskable
CLR Interrupt Interrupt Enable
Interrupt Enable Flag Request Flag of CPU
Dn D Q

CLR

Reset

F

IFF

8l t OR
I;::terrupt Request npu :j > Interrupt
INTTO S Qe Y- D ) - Request Signal

R
Dn

f

Read of Clear of Read of
Interrupt Interrupt  Interrupt
Vector V. RequestV RequestF/F

Maskable
Interrupt
Request

Halt Release
Signal
Reset

Do
V =28H
D1
INTT1 V=30H
! INTT2 V =38H b2
= 1 N Priority D3
INTT3 = V=40H
Encoder D4
INT1 V =48H o5
INTRX v=son ~{~—— 0w o
INTTX V=584 —
D7
Read of
interrupt
Vector V

Figure 3.3 (8). Block Diagram of Interrupt Controller

The interrupt enable flags provided for all interrupt request
channels are assigned to the memory address FFOCH. Setting
the flags to “1” enables an interrupt of the respective channel.
These flags are initialized to “0” by resetting.

Clear the interrupt enable flag in the DI status.

The micro DMA enable flag also provided for each interrupt
request channel is assigned to the memory address FFODH.

The interrupt processing for each channel is placed in the
micro DMA processing mode by setting this flag to “1”. This
flag is initialized to “0” (general-purpose interrupt processing
mode) by resetting.

Figure 3.3 (9) shows the bit configuration of the interrupt
enable flags and micro DMA enable flags.

22
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Interrupt Common Terminal Mode How to set

NMI P24 _f P2FR<NMIC> = 1
Falling edge

) INTMR<EDGE>=0

INTO P30 Level
TN\ INTMR<EDGE> = 1
Rising edge
INTH P31 _\__ -
Rising edge
Attention should be paid to the following three modes having special circuits:
INTO Level mode IFINTO is not an edge-based interrupt, the function of Interrupt Request Flip-flop is cancelled. Therefore, the interrupt request signal must be
held until the interrupt request is acknowledged by the CPU. A change in the mode (edge to level) automatically clears the interrupt request
flag.

When the CPU has been put in the interrupt response sequence with INTO level mode, it is necessary to leave INTO at “1” until the second
bus cycle of the interrupt response sequence is completed. Also, “1” must always be held until HALT is cleared when using the INTO level
mode to clear HALT. (Use care to prevent noise changing “1” back to “0”.)

When switching from the level mode to the edge mode, the interrupt request flag set in the level mode is not cleared; therefore, use the fol-
lowing sequence to clear the interrupt request flag.

DI

LD (OFF9FH), 01H: switch from level to edge

LD (OFF9EH), 04H: clear interrupt request flag

El

INTRX level mode The Interrupt Request Flip-flop is cleared only by resetting or reading the serial channel receiving buffer, and not by an instruction.
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INTEF
(FF9CH)

DMAEF
(FFIDH)

Interrupt enable flags

7 6 5 . 4 3 i 2 1 i0
bitsymbol | IEQ : IETO : IET1 . IET2 : IET3 . IE1 : IERX : IETX
Read/Write RW
Bests [0 0 0 o o0 0o 0 o
Function 1:Endable 0:Disable
l- INTTX interrupt enable flag
L INTRXinterrupt enable flag
INT1 interrupt enable flag
INTT3 interrupt enable flag
> INTT2 interrupt enable flag
INTT1 interrupt enable flag
INTTO interrupt enable flag
INTO interruptenable flag
7 6 15 4 3 2 i1 10
bitsymbol | DEO : DETO : DET1  DET2 : DET3 | DE1 i DERX : DETX
Read/Write R/W
B [0 o o o o oloio
Function 1:Endable 0-Disable .

|—> INTTX DMA enable flag
L INTRX DMA enable flag
INT1 DMA enable flag

> INTT3 DMA enable flag
INTT2 DMA enable flag

INTT1 DMA enable flag

INTTO DMA enable flag

INTO DMA enable flag

Figure 3.3 (9). Interrupt/Micro DMA Enable Flags
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3.4 Standby Function

When a HALT instruction is executed, the TMP90C400
selects one of the following modes as determined by the halt
mode setting register:

(1) RUN: Suspends only the CPU operation. The power

consumption remains unchanged.
(2) IDLET: Suspends all internal circuits except the
internal oscillator. In this mode, the power
consumption is less than 1/10 of that in the
normal operation.
(3) IDLE2: Operate only the internal oscillator and
specific internal 1/0 devices. The power
consumption is about 1/3 of that in the nor
mal operation.
(4) STOP: Suspends all internal circuits including the
internal oscillator. In this mode, the power
consumption is considerably reduced.

The HALT mode set register (STBMOD <HALTM 1, 0> is
assigned to the bits 2 and 3 of the memory address FFD8H in
the internal I/O register area (other bits are used to control
other functions). The register is reset to “00” (RUN mode) by
resetting.

These HALT state can be released by an interrupt request
or reset. The methods for releasing the HALT status are
shown in Table 3.4 (2). Either a non-maskable or maskable
interrupt with El (enable interrupt) condition is acknowledged and
interrupt processing is processed. A maskable interrupt with DI
instruction that follows the HALT instruction, but the interrupt
request flag is held at “1”.

When the halt status is released by reset, however, note
that it is not possible to hold the status (including built-in RAM)
in effect immediately before entering the STOP status. In this
case, it is recommended that an interrupt request be used for
releasing.

STBMOD |~
(FF8FH) bit Symbol

Value

7 6 5 4 3 i 2 1 0

- - - - HALTM1 HALTM1 EXF DRIVE
Read/Write - - - - RIW R RIW
Reseting - - i - - o i 0 Undefined 0

Function

Stand-by mode  JInvert each] 1:to

00:RUN mode time EXX [drive
01:5TOPmode  |instruction] pinin
10:IDLE1 mode is executed] STOP

11:IDLE2 mode mode

See “3.4.4 STOP mode”

Exchange flag
See "3.1.2 Registers”

Figure 3.4 (1). HALT Mode Set Register
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3.4.1 RUN Mode CPU stops executing the instruction. Until the halt state is
Figure 3.4 (2) shows the timing for releasing the HALT state by~ released, the CPU repeats dummy cycles. In the halt state, an
interrupts in the RUN/IDLE 2 mode. interrupt request is sampled with the rising edge of the CLK

In the RUN mode, the system clock in the MCU continues ~ Signal
to operate even after a HALT instruction is executed. Only the

S AWAY AW AWAWAWAWAVAWAWAW AW AW WA
{t
ac | f \ / U / \
As~15 _ X Next ?:' Nex} + 1
- )
L \ ; —\
ADO~7 =1 KB ~|~ @D 1 {ET o = = S = = = |- = { L@ |- @ 1 -
" |/ ’ T
WR )
i
NMI M W
*INTO « [
(Level) )T
*INTO, 1
(Rising edge) {6 A\
Internal INT _ [/
HALT instruction Interrupt Acknowledge
Execution Sequence Sequence

*: The halt state can be released by external interrupt request (INTO, INT1)
only in the RUN mode.

Figure 3.4 (2). Timing Chart for Releasing the Halt State by Interrupts in RUN/IDLE 2 Modes
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3.4.2 IDLE 1 Mode Inthe halt state, an interrupt request is sampled asynchronously
Figure 3.4 (3) illustrates the timing for releasing the HALT state  With the system clock, however the HALT release (restart of
by interrupts in the IDLE 1 mode. operating) synchronously with the system clock.

In the IDLE 1 mode, only the internal oscillator and the
watchdog timer operate. The system clock in the MCU stops, Note: Interrupt requests except external non-maskable
and the CLK signal is fixed at the “1”. interrupt (NMI) are prohibited through the HALT

period in this mode.

AW AWAW AW AW AW ALY AWAWAW AW AW AW
L
ak | f \ / R / \
Ag~15 X Next b Nexf+ 1
] )}
ALE —/_ ( |
300-7 =1 LBI— @I BTy = = 4 = = = == = | LD~ @D 1 -
J— £ —
RD \ / " \ []
WR 5
i U
HALT Instruction Interrupt Acknowledge
Execution Sequence Sequence

Figure 3.4 (3). Timing Chart of HALT Released by Interrupts in IDLE1 Mode
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3.4.3 IDLE 2 Mode

Figure 3.4 (2) shows the timing of HALT release caused by
interrupts in the RUN/IDLE 2 mode.

In the IDLE 2 mode, the halt state is released by an interrupt
with the same timing as in the RUN mode, except the internal
operation of the MCU. In the RUN mode, only the CPU stops
executing the current instruction, and the system clock is supplied
to all internal devices. In the IDLE 2 mode, however, the system
clock is supplied to only specific internal I/O devices. As a
result, the halt state in the IDLE 2 mode requires only a 1/3 of
the power consumed in the RUN mode. In the IDLE 2 mode,
the system clock is supplied to the following I/O devices:

e 8-bit timer
e Serial interface

Note: Interrupt requests by external interrupts (INTO, INT1)
are prohibited through the HALT period in this mode.

3.4.4 STOP Mode

The STOP mode is selected to stop all internal circuits
including the internal oscillator. In this mode, all pins except
special pins are put in the high-impedance state, independent
of the internal operation of the MCU.

All interrupt request are prohibited through the HALT
period in this mode. (Note: that the external non-maskable
interrupt pin (NMI) should be kept as “1”.) By resetting, this
mode can be cleared. However programmable pull-up resistor
port remains as pulled up.

Table 3.4 (1) summarizes the state of these pins in the
STOP mode. Note, however, that the pre-halt state (The status
prior to execution of HALT instruction) of all output pins can be
retained by setting the internal I/O register STBMOD <DRIVE
(drive enable: bit O of memory address FF8FH) to “1”. The
content of this register is initialized to “0” by resetting.

The internal oscillator can also be restarted by the input of
the RESET signal at “0” to the CPU. In the Reset restart mode,
however, the normal operation may not be performed in order to
get the quick response of MCU when the power is turned on
(Power on Reset). It is due to the unstable clock supplied
immediately after restarting the internal oscillator. To avoid
this, it is necessary to keep the RESET signal at “0" long
enough to release the HALT state in the STOP mode.

28
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Table 3.4 (1) State of Pins in STOP Mode

In/Out DRVE =0 DRVE =1
PO Input mode - IN
Output mode - out
P1 Input mode - IN
Output mode - out
Input mode - IN
P20~P25 Output mode - ouT
P26 Output pin - IN
p27 Output pin - out
Input mode - IN*
P30~ P33 Output mode - ouT
Input mode - IN
P34~ P37 Output mode - ouT
P4 Input mode - IN
Output mode - out
P5 Input mode - IN
Output mode - out
PG Input mode - IN
Output mode - IN*
ALE Input pin “0” “0”
CLK Output pin - 1"
RESET nput i L
X1 Input pin - -
X2 Output pin ‘1" ‘1"
* Intermediate bias is still applied to this pin in the

IN:

OUT:
Note:

zero cross detect mode.

Indicates that input mode/input pin cannot be used
for input and that the output mode/output pin have
been set to high impedance.

The input enable status.

The input gate is operating. Fix the input voltage at
either “0” or “1” to prevent the pin floating.

The output status.

It is necessary to leave INTO at “1” until the second
bus cycle of the interrupt response sequence is
completed, when the STOP mode is released by
the level mode of INTO.
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Table 3.4 (2) I/0 Operation During Halt and How to Release the Halt Command

Halt mode Run Idle2 Idle1 Stop
STBMOD <HALTMT, 0> 00 1 10 01
CPU Halt
1/0 port Keeps the state when the halt command was executed. See Table 3.4 (1)
Operation 8-Dit timer
Block Serial interface Operation Halt
Interrupt controller
NMI (0] (0] (0] -
INTO 0 - - -
INTTO O O - -
INTT? o 0 - -
Halt INTT2 0 0 - -
Releasing Interrupt
Source INTT3 0 o] - -
INT1 (0] - - -
INTRX (0] (0] - -
INTTX 0 0 - -
Reset ) ) ) @)

O: Can be used to release the halt command.
—: Cannot be used to release the halt command.
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3.5 Function of Ports

The TMP90C400 contains a total of 56 pins (TMP90C401:
38-pins) input/output ports. These ports function not only for

the general-purpose 1/O but also for the input/output of the
internal CPU and I/O. Table 3.5 describes the functions of

these ports.

Table 3.5 Functions of Ports

No. N . Pin name
Port . — Direction | Resetting -
name Pin name of Direction set unit Value for internal
pins function

Port0 | P00~ P07 8 1/0 Byte Input ADO ~ AD7
Port1 | P10~P17 8 1/0 Byte Input A8 ~ A15

P20 ~ P23 4 1/0 Bit Input .

P24 1 1/0 Bit Input NMI JWith programmable
Port2 | P25 1 1/0 Bit Input WAIT }pull-up resistor

P26 1 Output - Output RD

p27 1 Output - Output WR

P30 1 1/0 Bit Input INTO

P31 1 1/0 Bit Input INT1

P32 1 1/0 Bit Input T10
Port 3 P33 1 1/0 Bit Input T12 }With programable

P34 1 1/0 Bit Input TO1 }pull-up resistor

P35 1 1/0 Bit Input RxD

P36 1 1/0 Bit Input SCLK

P37 1 1/0 Bit Input TxD
Port4 | P40 ~ P47 8 /0 Bit Input -
Port5 | P50 ~ P57 8 1/0 Bit Input With programmable pull-up resistor
Port6 | P60~ P67 8 1/0 Bit Input -

These port pins function as the general-purpose input/
output ports by resetting. The port pins, for which input or out-

put is programmably selectable, function as input ports by reset-

ting. A separate program is required to use them for an internal

function.

The TMPO0C401 functions in the same way as the

TMP90C400 except:

e Port 0 always functions as Address/data bus (ADO to AD7).

e Port 1 always functions as Address bus (A8 to A15).
e P26 and P27 of port 2 always function as RD and WR pins,

respectively.
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3.5.1 Port 0 (P00 ~ P07)

Port 0 os an 8-bit general-purpose 1/O port PO whose 1/0
function is specified by the control register POCR in bit. All bits of
the control register are initialized to “0” by resetting, whereby
Port 0 turns to the input mode, and the contents of the output
latch register are undefined.

In addition to the general-purpose I/O port function, it
functions as an address/data bus (ADO ~ AD7). When access-
ing an external memory, it automatically functions as an
address/data bus and cleares POCR to “0”.

Internal
Address Bus Reset
External Access
[~
Direction
controller
(Bit)
4 External Access (Address Out Put)
S Write POCR g External Access (Data Write)
o | BT 512
=] R ot
o | B Qutput 2y Port 0
© Latch b4 POO~PO7
© Output (ADO~AD7)
o Write PO Butfer
©
c
P
bt
c
T S
Read PO
B —=
A Y
T A=
e External Access (Data Read)

Selector

Figure 3.5 (1). Port 0
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3.5.2 Port 1 (P10 ~ P17) can be specified by setting the external externsion control regis-

Port 1 is an 8-bit general-purpose I/O port P1 whose /O function  ter P2FR <EXT> 1o 1%, and also setting the Port 1 control regis-
is specified by the control register P1CR in bit. Al bits of the ter P1CR to the output mode. When the value of the Port 1

output latch and the control register are initialized to “0” by control is set to “0”, Port 1 turns to the input mode regardiess of
resetting, whereby Port 1 is put in the input mode. the value of the exernal extension control register. The <EXT>
In addition to the general-purpose I/O port function, it register is reset to “0” whereby Port 1 turns to the general-pur-

functions as a data bus (A8 ~ A15). The address bus fucntion ~ Pose /O mode.

( Internal Address Bus (A8~A15) (

~ Reset: P2FR <EXT>
Direction
controller
(Bit)
a Write P1CR
o
e l B L S v
e Output _'f Selector | L= E?{r;c—‘jpw
. Latch A Output FAB—A1E)
< [} Butfer
@ Write P1
c
- 1
g L

Read P1

Figure 3.5 (2). Port 1
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Port O Register

7 6 5 4 3 2 1 0
PO bit Symbol P07 P06 POS P04 PO3 PO2 PO1 P00
(FFBOH) | Readrwrite RIW
Re:;;ﬁ'(:g Input mode
Port 0 control Register
7 6 : 5 4 3 2 1 0
POCR bit Symbol PO7C PO6C PO5C PO4C PO3C Po2C PO1C PooC
(FF81H} peadwrite w
Resetting
value 0
Function 0:IN 1: OUT (I/O selecred bit by bit)
Prohibit
Read Modify Lﬂ— Setl/O of port 0
Write 0| Input
Port 0 Register ) Out put
7 6 5 4 03 2 1 0
P1 bit Symbol P17 P16 P15 P14 . P13 P12 P11 P10
(FF82H) | poad/write RIW
Resetling Input mode (0)
Port control Register
7 6 5 4 3 2 1 Q
P1CR bit Symbol P17C P16C © PI5C P14cC P13C P12C P11C P10C
(FF83H) | read/write w
Resetting 0
value
Function 0:IN 1: 0UT (I/O selecred bit by bit)
Prohibit
Read Modify > Set /O of port 1 and Address bus
Write P2FR
P1CR EXT> 0 1
<P1XC>
0 Input port Input port
1 Out put port | Address bus
Note: Settings can be in units of bits. Here,
P1CR<P1XC> is the Xth bitof P1CR.
Port Function Register 1
7 6 5 a : 3 2 1 0
p2FR  |bit Symbol — i waITC { WAITCO | NMIC — — — EXT
(FF86H) lreadwrite — R/W R/IW — — — w
Resettin
value 9 _ : 0 : 0 0 _ _ _ 0
S Wait Control i EMI Conlro\l : A8-15(nmlro\
H : 0l general: 0: genera
Wk __ 100:2state Wait : gurposei _ _ _ gmpm
201 normal Wait ort : port
10 : non Wait S1NME 1: Address
11 reserved Input Bus

Prohibitm Read Modify Write

34
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3.5.3 Port 2 (P20 ~ P27)

Port 2 includes a 6-bit (P20 ~ P25) general-purpose I/O port
and a 2-bit (P26, P27) output port (P2: memory address FF84H).
I/0 functions are specified by the control register (P2CR: mem-
ory address FF85H) in bit basis.

A 6-bit I/O port has a programmable pull-up register
which functions when the output latch register is set to “1”. In
addition to I/O function P24 controls non-maskable interrupt
input pin (NMI), and P25 to P27 control external memory control.
These additional functions are specified by the function register

Reset

i

Direction

(P2FR: memory address FF86H). By resetting, all bits are
initialized to “1”, and the control/function register to “0”. As a
result, 1/O port turns to the pull-up input port and the output
port outputs “1”.

P26 and P27 automatically function as memory control
pins (RD, WR) when accessing an external memory, and as
general-purpose ports when accessing an internal memory.
For accessing an external memory, the output latch registers

P26 (RD) and P27 (WR) should be kept at “1” which is the ini-
tial value after resetting.

Controller
(Bit)

¢

Write P2CR

[

Output

Vee

[~ | P20~P23

Latch

}

Write P2

Internal Data Bus

L P25
Output
Buffer

I

Output

<1
<1
Reset

Read P2

™

Latch

t

Write P2
e

7

Read P2

I/
Output
Buffer

Figure 3.5 (5). Port 2 (except P24)
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(1) P24/NMI gives the priority over the control register (P2CR).
Since the NM pin is specified only one, the NMI pin can-
not be switched to the general-purpose port. The NMIC
should be initialized to “0” by resetting in order to
switch to the general-purpose I/O port mode.

P24 is a general-purpose /O port, shared with a non-
maskable interrupt input pin (NMI). The NMI pin is
selected by the function register P2FR <NMIC>. By set-
ting NMIC = 1, it turns to the NMI input pin. This bit

Reset

—

Direction
Controller

f

Write P2CR

Qutput

1 1 Buffer

Latch

t

Write P2

Output N . P24 /NMI

Data Bus

<1

Bl T,
=5

Internal

Read P2

Function
Controller .
Write P2FR

L |
B i

Read P2FR
NMI
Interrupt Y _Detect | |
\J Edge

Figure 3.5 (6). Port 24
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Port 2 Register
7 6 s o4 o3 2 10
P2 BitSymbol | P27 | P26 : P25 | P2a | P23 | P22 | P21 | P20
(FF8AH) | Read/Write R/W
Rejslt‘:ieng 1 1 : Input mode {(with pull-up resistor)
Function (WR) (RD) | (WAIT) | (NMI)
110 of 6 bit
Port 2 Control Register
7 6 . 5 a4 | 3 2 10
P2CR Bit Symbol — — p2sc | paac | p23c | p22c | p21C | P20C
(FF85H) .
ProhibitRead | No2orWrite | — - w
Modify write | Ressiting — — 0 0o o0 o i 0 : 0
Function — — 0:IN 1: QUT (/O selected bit by bit)
[ Il TC
I—l" set IO of P20~P23
0 Input
1 Qutput
—— set /O of port24 and Input NMI
P2FR
P2CR MIC> 0 1
|<P24C> -
Input Port NMI Input
Out put port |  NMIiInput
Set 1/0 ofm Port25 and input WAIT
2FR<WAITCO> 0 i 0 1
PICR WAITC1>
1 0 1 1
<P25C>
0 2-state Normal | Input Port Reserve
1 wait wait Qut put
Port Function Register !
7 6 . 5 a 3 2 1 0
P2FR Bit Symbol —_ WAITC1 :WAITCO NMIC — — —_ EXT
(FF86H) . :
_ _ _ — W
prohibit Read Read/Write RIW R/IW i
. ' Resetting _ _ _
Modify Write value — 0 0 0 f 0
— | wait control NMI control — — —  A8-15control
Function 00: 2state Wait  |0: general- 0: general-
01: normal Wait purpose { purpose
10: non Wait port port
11: reserved 1: Input NI i1:Address Bus

Figure 3.5 (7). Register for Port 2
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3.5.4 Port 3 (P30 ~ P37)

Port 3 is an 8-bit general-purpose 1/0 port (P3: memory
address FF87H). The 1/O is selected by the control register
(P3CR: memory address FF88H) in bit basis. Port 3 also has a
programmable pull-up resistor which functions when the output
latch register is “1”. By resetting, all bits are initialized to “1”,
and the control register to “0”. As a result, Port 3 turns to the
pull-up input port.

In addition to the I/O port function, Port 3 has the external
interrupt request input, timer/event counter clock input, and
timer output internal serial interface functions.

Reset

4

Direction

(1) P30~ P33

P30 ~ P33 are general-purpose /O ports, shared
between external interrupt request input pins (INTO,
INT1) and timer/event counter clock input pins (TIO,
TI2).

These ports have zero-cross detection circuits, which
are connected to an external capacitor. This zero-cross
detection disable/enable is specified by the function
register (PSFR: memory address FFO8H). When this
register is initialized to “0”, by resetting, the zero-cross
detection becomes disabled.

Controller
{Bit)

]

Vee

Write P3CR

[

Qutput

Capacitor

[AVAV

Latch

t

Write P3

Internal Data Bus

) gligl
L '
Qutput P30/INTO

P31/INT1

P32/TI0
P33/TI2

Lt
L Cry

Reset

-

Read P3

k

Vv

l <

INTO, INT1 ¥

TIO,TIZ EI
1,

P3FR

!

Write P3FR

e

T-J
Read P3FR

Figure 3.5 (8). Ports 30 ~ P33
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P34 ~ P37

P34 ~ P37 are general-purpose /O ports, shared
between the timer output pin (TO1) and internal serial
interface I/0 pins (RxD, SCLK, TxD). These ports are
specified by the control register (P3FR: memory
address FF88H) and the function register (P3FR:
memory address FFO8H). For example, the following is
the procedures to assign P34 as TO1 pin:

1) Set the control register (34C: bit 4 of memory
address FF88H) to “1” to make the output mode,
and

Reset

—

Direction

2) Set the function register (TO1: bit 4 memory
address FF98H) to “1”.

The control an function registers are initialized to “0” by
resetting, and the ports turn to the general-purpose I/0O
port mode.

Note: When assigning P34, P36, and P37 as TO1,
SCLK, and TxD respectively, the pull-up register
is executed not only by the value of the output
latch register, but by that of TO1, SCLK, and
TxD.

Controller
(Bit)

t

Write P3CR

Output

1 * (Exclude P35)

Latch

¥
Write P3

Vec

P34/TO1
P35/RXD
P36/SCLK
P37 /TXD

Output
Bufter

Internal Data Bus

Write P3FR
1

‘rl
Read P3FR

!

RxD
(P35 only)

Figure 3.5 (9). Ports P34 ~ P37
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Port Reqgister

7 . 6 5 4 30 2 0
Bit symbol P37 | P36 : P35 P34 P33 i P32 P31 P30
P3 Read/Write R/W
(FF87H) - -
Resetting value Input mode (with pull-up resister)
Function (TxD) : (SCLK) : (RxD) i (TO1) : (Ti2) : (TI0) : (INT1) : (INTO)
Port control register
P3CR 7 i 6 s io4 f 03 i o2 i1 10
(FF88H) Bit Symbol P37C P36C P35C P34cC P33C P32C P31C P30C
Read/Write w
Resetting value 0 0 : 0 : 0 0 0 0 0
Function 0:IN 1: OUT (I/O selected bit by bit)
T T T T
prohibit Read —> set lfc;;)cf:BO-PSS and Zero cross
Modify Write P3FR P3XCH 0 1
<ZCEX>
0 input Port | Qutput port
ZCD disable
1 ZCD enable
Note :  Setting can be in units of bits. Here, PICR <P3XC> in the Xth bat of
PICR, PIfr < ZCEX > in the Xth bit of PIFR
et /0 of P34 and TO1
P3CR
P3FR P34CH 0 1
<TQE>
0 Input Port Qutput port
1 TO1
Set /0 of P35
1 - Output
Set /0 of P36 and SCLK pin
P3CR
P3FR P36C 0 1
<SCLK>
0 Input Port Output port
1 SCLK
Set I/O of P37 and TXD pin
P3CR
P3FR P37CH 0 1
<TxDC>
0 Input Port Output port
1 TxD
Set P37 CMOS output and open drain output
CMOS output o
Open drain output
P3FR 7 6 5 4 i3 : 2 : 1 0
(FF98H) [ Bit symbol | ODE TXDC SCLK TOE | ZCE3 ZCE2 ZCE1 ZCE0
Read/Write R/W
Resetting value o ¢ o0 i 0 o0 i 0 0 0 0
P37 :P37control P36control P3dcontrol i P33control : P32¢ontrol i P31control i P34control
Funcrion control  i0:general- 0: general- :0:general- : ‘ i
0:CMOS : purpose purpose @ purpose : .
1:0pen : port port i port i 0: general-purpose port
drain i1:TxD 1SCLK 11:TO1 i 1. ZCDenable (Inputonly)

Figure 3.5 (10) Register for Port 3
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3.5.5 Port 4 (40 ~ P47)

Port 4 is an 8-bit general-purpose I/0 port (P4: memory
address FF89H). It is specified by the control register (P4CR:
memory address FF8AH) in bit basis.

All bits of the output latch are initialized to “0” by resetting,
and Port 4 turns to the input mode.

Reset
[~ —i
Direction
Controller
2 (Bit)
@ 4
© Write PACR
8 ¥
- Output
e Latch L
. } Output
[}
+ Write P4 Buffer
c
Tk
-1
_ N a=a

Figure 3.5 (11). Port 4

Read P4

Port4
(P40~P47)
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Pa
(FF89H)

PACR
(FF8AH)
Prohibit Read
Modify Write

Port 4 Register

7 e s ioa i3 2 1 0
Bitsymbol | pa7 | Pas | Pas | Paa | P43 | pa2 Pa1 | pao
Read/Write R/W
RE\?aeitutieng Input mode (with pull-up resister)
Funcrion general-perpose /O mode
Port 4 control Register
7 i e s a4 i3 i 2 110
BitSymbol | P47C | P46C . PASC . P44C . PA3C | P42C : P4IC | PAaOC
Read/Write w
Resettin : : : : : :
waloe'd o f o 0o { o i 0 i 0 0o i 0
Funcrion 0:IN 1: QUT (I/O selected bit by bit)

l—‘—" Set I/O of Port4

0 :

Input

Output

Figure 3.5 (12). Register for Port 4
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3.5.6 Port 5 (P50 ~ P57)

Port 5 is an 8-bit general-purpose 1/0 port (P5: memory
address FF8BH). It is specified by the control register (P5CR:
memory address FF8CH) in bit basis.

All bits of Port 5 have the programmable pull-up register
which functions when the output latch register is set to “1”.

All bits of the output latch are initialized to “1” and the control
register to “0” by resetting, and Port 5 turns to the pull-up

D P50~P57

input port.
Reset
~—1 A‘_¢
Direction
Controlier
« (Bit) Ve
2 4
© Write P5CR
o P
[a)
Output
- Latch L
i —‘r* Output
“ . Buffer
@ Write P5
c
<1
fi@r{
L_J Read PS5

Figure 3.5 (13) Port 5
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PS5
(FF8BH)

P5CR
(FF8CH)
Prohibit Read
Modify Write

Port 5 Register

7 6 5 4 .3 2 1 g 0
Bitsymbol | P57 | Ps | PS5 ! Ppsa | Ps3 | Ps2 | PS5 | P50
Read/Write R/IW
Re::ltjieng Input mode (with pull-up register)
Function general-perpose /O mode
Port 5 Control Register
7 A 0
BitSymbol | PS7C | PS6C | PSSC | PSAC | PS3C | PS2C | PSIC | PSOC
Read/Write w
Resettin : : : : :
value 0 A S S S A S 0
Function 0: Input 1: Output
\—* Set 1/0 of Port5
0: Input
1 Output

Figure 3.5 (14). Register for Port 5
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3.5.7 Port 6 (P60 ~ P67)

Port 6 is an 8-bit general-purpose 1/O port (P6: memory
address FF8DH) whose function is specified by the control

Reset

register (P6CR: memory address FF8EH) for each bit. All bits
of the output latch and the control register are initialized to “0”

by resetting, and all bits of Port 6 enter in the input mode.

g
Direction
Controller
- (Bit)
> ¥
o Write P6CR
L]
- —
o
e Qutput )
p Latch | L
Output
c i Buffer
v Write Pb
=y
A
=
g ==

Figure 3.5 (15). Port P6

Read P6

Port 6
(P60~P67)
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P6
(FF8DH)

P6CR
(FF8EH)
Prohibit Read
modify Write

Port 6 Register

7t e fos i a3 2 1 0
Bitsymbol | P67 : PG6 | PGS | Ped | P63 i P62 : P61 | P6O
Read/Write R/W
Resetting
Value Input mode
Funcrion general-perpose I/O mode
Port 6 Control Register
7 6 o5 a3 2 1 0
Bitsymbol | PE7C | PEEC & P6SC | P6AC | PEIC | PE2C | PBIC | PBAC
Read/Write W
Resettin : : :
veloa? o i o0 i 0 i 0 e 0o i o0 0
Funcrion 0:In 1: Out (I/O selected bit by bit)

[—> Set I/0 of Port6

0

Input

1

Output

Figure 3.5 (16). Register for Port 6
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3.6 Timers

The TMP90C400 incorporates four 8-bit timers.
The four 8-bit timers can operate independently, and also
function as two 16-bit timers through cascade connection.
Timer 2 is provided with 8-bit timer/event counter and can
be used as 16-bit counter by connecting with 8-bit counter or
timer 3.

e 8-bit interval timer mode (4 timers)
e 16-bit interval timer mode (2 timers)
- Possible arrangements: 8-bit x 2 and 16-bit x 1

e 8-bit programmable square wave (pulse) generation (PPG:
variable duty with variable cycle) mode (Timers 1, 0)

e 8-bit pulse width modulation (PWM: variable duty with con-
stant cycle) mode (Timer 1)

* 8-bit event counter mode (Timer 2)
e 16-bit event counter mode (Timer 2, 3)
e Software counter latch function (Timer 2, 3)

3.6.1 8-bit Timers

The TMP90C400 incorporates four 8-bit interval timers (Tim-
ers 0, 1, 2 and 3), each of which can be operated indepen-
dently. The cascade connection of Timer O and 1, or Timer 2
and 3 allows these timers used as 16-bit internal timers.

Figure 3.6 (1) shows a block diagram of the 8-bit timers
(Timer O and Timer 1).

Figure 3.6 (2) shows a block diagram of the 8-bit timer/
event counters (Timer 2 and Timer 3).

Each interval timer is composed of an 8-bit up-counter, an
8-bit timer register, with a timer tlip-flop (TFF1) provided to
each pair of Timer 0/1.

Internal clocks (oT1, @T16 and aT256) for the input clock
sources to the interval timers are generated by the 9-bit prescaler
shown in Figure 3.6 (3).

Their operating modes of the 8-bit timers and flip-flops
are controlled by 4 control registers (TCLK, TFFCR, TMOD
and TRUN).
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TFFCR<TFFIC1,0>
L

Timer Flip-Flop

Set ;
Timer Flip-flo
Reset pfiop — TO1

Control (TFF1)

Inversion Trigger
TRUNT<TIRUN >

Software Trigger
TMOD<TI0M1,0>

TRUN<TORUN> TFFCR<TFFTIE>
* T
_Do—i '_ch Ji ) Selector
F-=--- TimerQ -====-==-----ccmcpoo--f"oo q rI'ﬁj?[l ffffffffffffffffffffffffffffffffffffffff A
: ! ! TMOD<TIOM1,0>| -y H
: run clear i ; Y ¥ '
1710 — 8 bit : ﬁ"ﬂf’ : 8-bit > i TFFCR<TFF1I5>
ET1BI | selector Up-counter — i | Up-counter 2 Select i
1 T16(128/f) —> ucoy | ¢ — Selector (ucty | 28] >eiector 1
1 5T256 — i K —> i
L (2048/fc) i 1 gT16 —= I
! [ 1 ! 57256 — K
: TCLK<TOCLK1.0> i : [ TMOD<T10M1,0 |
: | i TCLK<TICLK1.0> PWMO 1,0>
: i Match :
| !
: = : :
‘ - ! | - 1
| 8-bit I Match| 8-bit ;
1 Comparator : } Comparator T
3 (CPO) E INTTO i (CP1) ' J
1 t ' ; <—TMOD
; ! J ‘ ‘ : selector | cTioM1.0>
, ‘ i |
| 8-bit | | 8-bit H v
: Timer Register : : Timer Register ; INTT1
| TREGO H i TREG1 i
: | ] |
' T T _______ ; o j _ r ,,,,,,,,,,,,,, d
Internal Bus

Figure 3.6 (1). Block Diagram of 8-bit Timers (Timers 0 and 1)
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fm=-- Timer2 —--=--=----=-----fo-oo T roTimer3 - oo e e
H ! ; TMOD<T23M1.0>| . clear

T2 e ; .‘ Y ¥ .

PRI p— 8-bit ' ! 8-bit

' . Selector || Up-counter L L = Up-counter

perisnani (uca) : ; Selector (ucs)

1 £1256(2048/fc)—» 1 Il

i i AN

E E | 4T16 —=

' TCLK <T2CLK1.0> ' I

! ) IMatc ! 4T256 .

i 8-bit ' e 8-bit

j Comparator I ! Comparator
; (CP2) | i TCLK (T3CLK (cpP3)

1 LONTT2 ! LK (T3CLK1,0)

! (TO2TRG),

I TFFCR ! !

| <LATCH2> i i

1

H 8-bit 8-bit ! H TFFCR<LATCH3> | 8-bit 8-bit

| Counter Latch Timer Register H H Counter Latch Timer Register
' Register TREG2 TREG2 1 | Register (TREG3) (TREG3)

I i '

| ! ]

R s

TRUN<T2RUN>

TRUN<T3RUN>

Mat:hl

Selector

v

INTT3

Internal Bus

Figure 3.6 (2). Block Diagram of 8-bit Timer/Counter (Timers 2 and Timer 3)

= TMOD<T
- 23M1,0>
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0 Prescaler

A 9-bit prescaler is provided to further divide the clock frequency
already divided to a 1/4 of the frequency of the source clock (fc).
It generates a input clock pulse for the 8-bit timers, 16-bit
timer/event counter, the baud-rate generator, etc.
For the 8-bit timers, three types of clock are generated
(0T1, @T16 and oT256) are used.

Oscillator

circuit

The prescaler can be run or stopped by using the 5th bit
TRUN <PRRUN> of the timer control register TRUN. Setting
<PRRUN> to “1” makes the prescaler count, and setting it to
“0” clears the prescaler to stop.

<PRRUN> is initialized to “O” by resetting, and clears and
stop the prescaler .

Cycle
Input fe 8MHz 10MHz
clock
$#T1 (8/fc) 1.0u8 0.8us
#T16(128/fc) 1648 12.8u8
$T256 (2048fc) 25645 204.8us

L

fa/a

1

172 (System clock)

$2

foa

4T1 4T4  4T16 4Te4 4T256
bttt
1 2 3 45 6 7 89

9-bit Prescaler

Tru n/stop & clear

TURN <PRRUNZ>

#T1

$T4

Figure 3.6 (3). Prescaler
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O Up-counter

This is an 8-bit binary counter that counts up by an input clock
pulse specified by an 8-bit timer clock control register (TCLK)
and an 8-bit timer mode register.

The input clock pulse for Timer O and 2 is selected from
@11 (8/fc), @T16 (128/fc) and 1256 (2048/fc) according to the
setting of the TCLK register.

Example: When setting TCLK <TOCLK1, 0> = 0,1 @T1 is
selected as the input clock pulse for Timer O.

The input clock pulse to Timers 1 and 3 is selected accord-
ing to the operating mode. In the 16-bit timer mode, the overflow
output of Timers O and 2 is automatically selected as the input
clock pulse, regardless of the setting of the TCLK register.

In the other operating modes, the clock pulse is selected
among the internal clocks @T1, @T16 and @T256, and the output
of the Timers 0 and 2 comparator (match signal) by the TCLK
register setting.

Example: If TMOD <T10M1,0> = 0,1, the overflow output
of Timer O is selected as the input clock to
Timer 1. (16-bit timer mode)
If TMOD <T10M1,0> = 0,0 and TCLK
<T1CLK1,0>=0,1, aT1 is selected as the input
clock to Timer 1. (8-bit timer mode)

The operating mode is selected by the TMOD register.
This register is initialized to TMOD <T10M1,0> = 0,0/TMOD
<T32M1,0> = 0,0 by resetting, whereby the up-counter is
place in the 8-bit timer mode.

Functions, count, stop or clear of the up-counter can be
controlled for each interval timer by the timer control register
TRUN.

By resetting, all up-counters are cleared to stop the timers.
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Timer 2,3 Timer0, 1
7 i 6 EREE 110
TMOQD [ : : : : : :
(FEgeH)| DIt SYmbol |T32M1 [ T32MO : T10M1 T10MO | PWMOT : PWMOD
Read/write R/W ' R/W : R/W
{gjesina o o AL NN L
00: 8bit Timer | ‘00 8bit Timer :PWM Frequency
Function 01: 16bitTimer : :01: 16bit Timer Uf St
10: - : 1100 8bitppg 91 25
11: - : (11: BbitPWM  © 47! S8
| L . 1 ] |

LSe!ect PWM1 cycle (Timer 1)

("Don't care” in non-PWM modes)

26-1(63/f0)

27 -1 (127/c)
28 -1 (255/fc)

——— > Set

operating mode of Timers 0 and 1.

8-bit timerx 2 (Timers 0, 1)

16-bit timer

8-bitPPGoutput
8-bit PWM output (Timer 1)
+ 8-bit timer (Timer 0)

= Set

operating mode of Timers 2 and 3.

00
01

10
m

8-bit timer/counter
16-bit timer/counter

Figure 3.5 (4). 8-bit Timer Mode Register TMOD
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TCLK
(FF94H)

Timer 3

Timer 2

Timer 1

Timer 0

f T

7 6

5 | 4

3 2

10

bit symbol

T3CLK1 T3CLKO: T2CLK1  T2CLKO: T1CLK1 (T1CLKO : TOCLK1 - TOCLKO

Read/write

W

Resettin
\!a?ue g

0o ¢ 0

R/
[

0o | 0

Function

00: TO2TG
01: ¢T1
10: 4T16
11: 4T256

: T2

T gT1
¢T16
1 ¢T256

{00: TOOTRG  : 0O:
(01: ¢T1 (01:
:10: ¢T16 1a:
£11: ¢4T256 T

TIO
#T1
$T16
4T256

1

1

L Timer 0 input clock

External input (TI0)

Timer 1 input clock

TMOD<TIOM1.0>#0,1

TMOD<TIOM1.0> =0,1

10
1

Timer 0 comparator
output
Internal clock ¢T1

Timer 0 overflow

output

' (16-bit timer mode)

Timer 2 input clock

J.nterna.W é‘l‘o'ck ¢T1
,, #T16
a 47256

External input (TI2)

Timer 3 input clock

TMOD<T32M1,0>=0,1

TMOD<T32M1,0> =0,1

Timer 2 comparator

output

[internal clock ¢T1

“ 4T16

Timer 2 overflow
output
(16-bit timer mode)

Figure 3.6 (5). 8-bit Timer Clock Control Register (TCLK)
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TRUN
(FF97H)

8-bit timer
. .
7 6 i 5 ¢ 4 - 3 F 2 0
bitsymbol |BRATET BRATEO: PRRUN i - :T3RUN T2RUN :T1RUN :TORUN
Readhwrite R/W : R/W ; R/W
Py ‘ . S— A ,
fgistins o o 0o - 0 0 0

Function

00: 300/150 bps : Prescaler & Timer Run/stop Control
01: 1200/600

10: 4800/2400 0: Stop &Clear

11: 19200/9600 :1: Run (Countup)

) Qe— ]

L’ Select Timer 0 operation

1 |Count

0 |Stop and clear

Select Timer 1 operation

0 |Stop and clear
1 [Count

—— Select Timer 2 operation

0 |Stop and clear
17| Count

L . SelectTimer 3 operation

1 |Count

0 |Stop and clear

L, Selectprescaler operation

1 |Count’

0 {Stop and clear

Select transfer speed of serial I/0 baud
rate generator (fc = 9.8304MHz)

SCMOD<sSC1,0> =01

SCMOD<S5C1,0> =11

00 300 bps
01| 1200
e
E e i S

150 bps

Figure 3.6 (6). Timer/Serial Channel Control Registers (TRUN)
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TFF1
r )
7 6 . 5 4 3 2 i 1 i 0
TFFCR |— : : : : :
(FF95H) bltsymboi LATCH35LATCH2§ - - TFF1CT ;TFF'lCG;TFF‘”E :TFF1IS
Read/write w - - W : R/W
fateeino L 1 S R - 00
0: Latch - - ;00: Clear TFF1 1 ggilg‘jg{tt
Function ‘ [01: Set TFF1 TFF1 i Timer0
;10: Invert TFF1 :lnvert ;1 lgvgrtt
: i
Don'tcare :Enable | %5}
J ‘
L_' Select inverse signal of timer flip-flop TFF1
TMOD<T10
Terca 10> 0,0 0,1 1,0 1,1
<TFF1I5>
0 8-bit timer
mode (Timer 0)] R IS
" 8-bit timer 16-bit timer mode |PPG mode | PWM mode

mode (Timer 1) (Timers 0 & 1) (Timer 1) | (Timer 1)

L Invert timer flip-flop TFF1

Disable

Enable

L ——Control timer flip-flop TFF1

00

Clear TFF1 to "0"
5&1 TFF1 to "‘I "

lnvert vaiue of TFF1 (Sof‘tware mversmn)

) Dont care (Always set at"11“ when read out)

L——— Software latch trigger 2

Read a value of up-counter 2 to counter latch register 2
(Software Iatch)

|aiwayssetat 1" whenreadout

L software latch trigger 3

Read a value of up-counter 3 to counter latch register
3(Software Ialch) _____________

Always set at “1" when read out

Figure 3.6 (7). 8-bit Timer Flip-Flop Control Register (TFFCR)
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0 Timer registers
TREGO TREG1 TREG2 TREG3
8bits | 8bits | 8 bits 8 bits
FF90H FF91H FF92H FFI3H Note : Write only
8-bit registers are provided to set the interval time. ¢ TFFCR <FF1IE> controls the inversion of TFF1. Setting
When the set value of a timer register matches that of this bit to “1” enables the inversion and setting it to “0”
an up-counter, the match signal of their comparators disables.
turn to the active mode. If “O0H” is set, this signal FF1IE is initialized to “0” by resetting.
becomes active when the up-counter overflows. When
2 new valie s writen 10 s register, s then immediately « The bits TFFCR <TFF1C1, 0> are used to set/reset
P p . i , TFF1 or enable its inversion by software. TFF1 is reset
The value of the tlme_r reg|st§r 0 and timer register 1 by writing “0, 07, set by “0, 1” and inverted by “1, 0"
cannot be read out. Timer registers 2 and 3 are allocated The 8-bit timers operate as follows:
to the same address with counter latch registers. The P '
readout value becomes the counter latch register value. -
The written value becomes the timer register value. (1) 8-bit Timer Mode
0 Comparators The four interval timers 0, 1, 2 and 3 can operate
independently as an 8-bit interval timer. Timer 2 and 3
A comparator compares the values in an up-counter goerlg,tig:;v;?ee tﬂ?g;;:tggfc;?ﬁrfet'rog’aggzt'?ﬁer
and a timer register. When they matches, the up-counter operation of Timer 1 is described in the followiﬁ
is cleared to “0”, and an interrupt signal (INTTO ~ 3) is P 9.
generated. If the timer flip-flop inversion is enabled by o o
the timer flip-flop control register, the timer flip-flop is 0 Generating interrupts at specified intervals
inverted.
Periodic interrupts can be generated by using Timer 1
O Timer Flip-flop (Timer F/F) (INTT1) in the following procedure:
The timer flip-flop is inverted by the match signal (output 1) stop Timer 1,
by comparator). Its status can be output to the timer
output pin TO1 (also used as P34). 2) set the desired operating mode, input clock and
This timer F/F is controlled by a timer flip-flop control cycle time in, the registers TMOD, TCLK and
register (TFFCR). TREG1
In the case of TFF1 (Timer F/F for Timer O and Timer 1), ’
the flip-flop operation is described as follows (refer to B R
Figure 3.6 (7)): 3) set INTT1 to “enable”, and
« TFFCR <FF11S> is a timer selection bit for inversion 4) start the counting of Timer 1.
of TFF1. In the 8-bit timer mode, inversion is enabled
by the match signal from Timer O if this bit is set to “0”, Example: To generate Timer 1 interrupt every 4.0ps at
or by the signal from Timer 1 is set to “1”. fc =10MHz, the registers should be set as
In any other mode, <FF11S> must be always set to “1”. follows:
It is initialized to “0” by resetting.
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MSB LSB
76543210
TRUN ¢« - ----- 0 - Stop Timer 1, and clear it to “0”.
TMOD ¢ ----00XX Set the 8-bit timer mode.
TCLK ¢ - ---01-- Select 4T1 (0.8us @fc= 10 MHz) as the input clock.
TREGl « 00110010 Set the timer register at 40,s/$T1=32H.
INTEF ¢ - -1--- -~ Enable INTT1.
TRUN ¢« --1---1-+- Start Timer 1.
(Note) X: Don’tcare -:Nochange

Refer to Table 3.6 (1) for selecting the input clock:

Table 3.6 (1) 8-bit Timer Interrupt Cycle and Input Clock

Interrupt cycle .

@fc = 10MHz Resolution Input clock

0.8ps ~ 204.8yss 0.8y gT1 (8/fc)

12.85 ~ 3.2768ms 12.818 @116 (128/fc)
204.8ps ~ 52.4288ms 204.88 01256 (2048/fc)
O Generating pulse at 50% duty Example: To output pulse from TO1 at fc = 10MHz
every 4.8ps, the registers should be set as

The timer flip-flop is inverted at specified intervals, and follows:
its status is output to a timer output pin TO1 (only Tim- This example uses Timer 1, but the same

ers 0 and 1). operation can be effected by using Timer O.

FTRUN € - - - === 0 - Stop Timer 1, and clear it to “0”.

TMOD ¢« ----00 XX Set the 8-bit timer mode.

LK « - =---01-- Select ¢ T1 as the input clock.

TREG1 « 00000011 Set the timer register at 4.8u4s/¢T1/2=3,

TFFCR + ----0011 Clear TFF1 to “0”, and set to invert by the match
signal from Timer 1.

PICR ¢ = - - l-mmms \5» Select P34 as TO1 pin.

P3FR « --=-1-=-=-- J

TRUN « - -1--—-1 - Start Timer 1.

(Note) X: Don'tcare -1 Nochange
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4TI

TRUN<TIRUNZ>
BIT7~2 N
Counter B'”—_I—Q_I—I___I—“I_
BITO e D 3o v L2_1[3 Lo 2 3 o
Fomparater [T T T T [
G i 2 s M Ml
INTT1 {;m/ l—l r_l
1
Up counter Clear fLﬂ/ N n
|
TO1 3 ! /_‘
2.4,5@fc = 10MHz !
Figure 3.6 (8). Pulse Output (50% duty) Timing Chart
0 Making Timer 1 counting up Timer O match signal. Select the 8-bit timer mode, and set the comparator

output of Timer 0 as the input clock to Timer 1.

Timer 0 Comparator I_l H

match signal

G £ 0 6 0 0 0 00 0 06 0
(TREGO = 5)
Up-counter of Timer 1 1 X 2 X 1

(TREG1=2)

Match signal from ﬂ
Timer 1

Figure 3.6 (9)
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O Output inversion by software

The timer flip-flops can be inverted by software regardiess
of the timer operation. Writing “10” into

TFFCR <TFF1C1, O> inverts TFF1.

O Initial setting of Timer Flip-flops

The timer flip-flops can be initialized to either “0” or “1”

without regard to the timer operation.
TFF1 is initialized to “0” by writing “00”, and to “1”
by writing “01” into TFFCR <TFF1C1,0>.

Note: Data from the timer flip-flops and timer registers

cannot be read.

(2)  16-bit Timer Mode

A pair of Timer O and Timer 1 or Timer 2 and Timer 3
can be used as one 16-bit interval timer.

Timers 2 and 3 do not provide output function, but
timer operations are the same with Timer O and 1. The
operation of a timer pair Timer O and Timer 1 is discussed.

Cascade connection of Timer O and Timer 1 to use
them as a 16-bit interval timer requires to set the
<T10M1,0> of the mode register TMOD to “0,1”.

By selecting the 16-bit timer mode, the overflow output
of Timer 0 is automatically selected as the input clock
to Timer 1, regardless of the set value of the clock
control register TCLK. The input clock to Timer O is
selected by TCLK. Table 3.6 (2) shows the relationship
between timer (interrupt) cycle and input clock selection.

Table 3.6 (2) 16-bit Timer (Interrupt) Cycle and Input Clock

T|me(r@(f|cnt=e:|;||atr)lzcycle Resolution Inp1l_1itn::‘l;:ctl’( to
0.815 ~ 52.43ms 0.815 g1 (8/fc)
12.815 ~ 838.86ms 12.818 2116 (128/fc)
204.8s ~ 13.4255 204.818 #1256 (256/fc)

The lower 8 bits of the timer (interrupt) cycle is set by
TREGO and the upper eight bits of that is set by TREG1. Note
that TREGO must be always set first (Writing data into TREGO
disables the comparator temporarily, which is restarted by
writing data into TREG1).

Example: To generate interrupts INTT1 at fc = 8MHz every
1 second, the timer registers TREGO and
TREG1 should be set as follows:
As @T16 (= 16us @ 8MHz) is selected as the
input clock, 1 sec/16us = 62500 = F424H
Therefore, TREG1 = F4H
TREGO = 24H

The match signal is generated by Timer O comparator
each time the up-counter UCO matches TREGO. In this case,
the up-counter UCO is not cleared, but the interrupt INTTO is
generated.

Timer 1 comparator also generates the match signal each
timer the up-counter UC1 match TREG1. When the match
signal is generated simultaneously from comparators of Timer
0 and Timer 1, the up-counters UCO and UC1 are cleared to
“0”, and the interrupt INTT1 is generated. If the timer flip-flop
inversion is enabled by the Timer Flip-flop control register, the
timer flip-flop TFF1 is inverted at the same time.
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Timer 0 Timer 1
INTTO TO1 match INTT1 TO1 match
* 08
16-bit Timer Mode . Can't output TREGO ) Can output TREG.1 2%+ TREGO
) Interrupt is , ) Interrupt is . . (16-bit)
(Count-up Timer 1 by enerated (Can't output the (Continue enerated Can output the matching (Cleared by matching with both
overflow of Timer 0) g matching with TREGO) | counting when match) g with both TREGO and TREG1) fegisters )y g
8-bit Timer Mode Interrupt is Can output TREGO Interrupt is Can output TREG.1 .TREGO
(Count-up Timer 1 by generated (Timer 0 or Timer 1) | (Clear when Match) generated (Timer 0 or Timer 1) (Multplied Valve)
matching of Timer 0) (Cleared by matching)

Example: Given TREG1 = 04H and TREGO = 80H,

Value of Up-Counter

(UC1, UCo) 0000H 0080H

0400H
0180H 0280H 0380H 0480H

[ | | |

Timer 0 "
Comparator Match Signal

Interrupt INTT1

Timer Output TO1

©)

mode

Pulse can be generated at any frequency and duty

8-bit PPG (programmable pulse generation) output

Figure 3.6 (10)

rate by Timer 1 or Timer 3. The output pulse may be
either low-or high-active.

In this mode, Timers O cannot be used.
Pulse is output to TO1 (shared with P37).

TREGO=UC1
(INTTO)

TREG1 =UC1
(INTT1)

TO1

Tﬂﬂ (ﬂﬂ\
Rpdipd

TREGO ‘

TREG1
-
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In this mode, programmable pulse is generated by the

inversion of the timer output put each time the 8-bit up-

counter 1 (UC1) matches the timer register TREGO or TREG1.

Note that the set value of TREGO must be smaller than

In this mode, the up-counter UCO of Timer O cannot be
used (Set TRUN <TORUN> = 1, and count the Timer 0).
The PPG mode is shown in Figure 3.6 (11).

that of TREG1.
TRUN<TIRUN> TO1
4T1 (8/fc) —_— .
4TI6 (128if) —> E'OCk L ib'é e ? TFFCR
47256 (20a81¢) —=| “°M° p-tounter Clear e (K3 <TFFIE>
TT Invert Signal

TMOD TCLK i L

<T10M1,0> <TICLK1,0>

=1,0 £0,0 g J

Comparator 0 Comparator 1
TREGO TREG1
Internal Data Bus
Figure 3.6 (11). Block Diagram of 8-bit PPG Mode
Example: Generate pulse at 50kHz and 1/4 duty rate (@fc = 8MH2)

B

|-20,5~]
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. Determine the set value of the timer registers.
To obtain the frequency of 50kHz,
Pulse cycle t = 1/560kHz = 20us
When ¢T1 = 1us (@ 8MHz),

Consequently, the timer register 1 (TREG1) should be
set to 20 = 14H.

Given a 1/4 duty, t x 1/4 =20 x 1/4 = 5us

Sus +1pus =5
As a result, the timer register O (TREGO) should be set
to 5 = 05H.

Stop Timer 0 and Timer 1, and clear them to “0™.
Select 4T1 as the input clock.

Set the output “H”, and enable the inversion by Timer 1.

t——’ Writing "00" provides negative logic pulse

1 Select P60 as the TOL pin.
J

20us +1pus = 20
[TRUN ¢ - - - - - - 00
TCLK &« - - - 01 x x
TMOD ¢« - ---10xx Set 8-bit PPG mode.
TFFCR ¢« - - --0111
TREGO « 00000101 Write “5H".
TREGL « 00010100 Write “14H".
SMMOD « - - - - xx 01
PEICR ¢« - - - - - - = 1
LTRUN ¢« - -1---11 Start Timer 1.
(Note) X: Don'tcare -: Nochange

Precautions for PPG Output

By rewriting the content of the TREG (timer register), it is possible
to make TMP90C400 output PPG. However, be careful, since
the timing to rewrite TREG differs depending on the pulse
width of PPG to be set. This problem is explained below by an
example.

TREG?

TO1 —_I

Example: To output PPG through 8 bit timers 0 and 1
TREGO: Pulse width
TREG1: Cycle

INTTO INTT1
occurs  occurs

62
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The pulse width is normally changed by the interrupt
(INTTH) process routine in each cycle. However, when the
pulse width to be set (the value to be written in TREGO) is
small, trouble may occur, in that the timer counter exceeds the
value of TREGO before the interrupt process routine is set.
Therefore, it is recommended to make the following decisions
iN INTTO and INTT1 interrupt processes.

INTTO process routine: The value of TREGO is rewritten
only when the value to be written
in TREGO is smaller than the cur
rent value of TREGO.

INTT1 process routine: On the contrary to INTTO, TREGO
is written only when the value to
be written in TREGO is larger than
the current value of TREGO.

TMP90C400 cannot read the content of TREG, so it is
necessary to buffer the content of TREG in a RAM (or the like)
for making the above judgement.

Match signal
from comparator

(4)  8-bit PWM (pulse width modulation) mode

This mode is only available for Timer1, and generates
8-bit resolution PWM.

PWM is output to TO1 pin (shared with P34).

Timer O can be used as 8-bit timers.

The inversion of the timer output occurs when the
up-counter (UC1) matches the set value of the timer register
TREG1, as well as when an overflow of 2" - 1 (n=6,7 or 8
selected by TMOD <PWMO01, 00>) occurred at the counter.
The up-counter UC1 is cleared by the occurrence of an
overflow of 2" - 1.

The following condition must be obtained when this PWM
mode is used:

(Set value of timer register) < (set overflow value of 2" - 1
counter)
(Set value of timer register) # 0

(INTT1)

Overflow

(iﬂ/

The PWM mode is shown in Figure 3.6 (12).

TO1 _\* u
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TRUN<PRRUN>

TRUN<TIRUNZ>

Comparator Output of Timer 0 —>
¢T1 (80 Clock Control

Up-Counter UC1

4T16  (128/fc) —™
#1256 (2048/fc) — f f
TCLK<TICLK1, 0>

Comparator 1

_Jr

TREG1

1C

Clear

2n -1 Counter
Overflow
Control

~—TMOD
- <T10M1,0>

= TMOD<PWM1,0>
-=—(n=6,7o0r8)

Invert

Internal Data Bus

Figure 3.6 (12). Block Diagram of 8-bit PWM Mode

Example: Generate the following PWM to the TO1 pin

I~ 36us >l

N

(P34) at fc = 10MHz.

le— 50.4,5 —I

Assuming the PWM cycle is 50.4 ps when @T1 = 0.8us
and @fc = 10MHz, 50.4ps/0.8us = 63 = 26 - 1
Consequently, n should be set at 6 (TMOD1, 0 = 01).

TFF1 = TO1

PHtt

TFFCR<TFFIC1,0,
TFF1IE, TFF1IS>

Given the “L” level period of 36ps, setting oT1 = 0.8ps
results: 36us/0.8us = 45 = 2DH.
As a result, TREG1 should be set at 2DH.
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_TRUN € - - - - - - 0 - Stop Timer 1.
TCLK ¢ - - --01- - Select 4T1 as the input clock.
TMOD ¢ - ---1101 Set the 25 — 1cycle in the PWM mode.
TFFCR + - - --0011 Set the initial output to 0 (“L” level).
TREG1 « 00101101 Write “2DH”.
PR ¢ - - -1--"-~ | Select P34 as TO1 pin.
PAFR ¢ - - -1-- - - J
|TRUN ¢ - -1 ---1-+- Start Timer 1.
(Note) x: Don'tcare -: Nochange

Table 3.6 (3) PWM Cycle and Selection of 2" - 1 counter

PWM cycle (@fc = 10MHz)
Expression oT1 gT16 6T256
(8/fc) (128/fc) (2048/fc)
261 (28-1)x gTn 50,41 806.4s 12.9ms
271 (2" -1)x gTn 101.65 1625.615 26.0ms
281 (28-1)x gTn 204.0ps 3264.0p5 52.2ms

Precautions for PWM output

TMP90C400 can output PWM by the 8-bit timer. However,
changing the pulse width of PWM requires special care. This
problem is explained by the following example.

Cycle

Example: To output PWM by 8-bit timer
TREG1: Pulse width
Cycle: Fixed (26 -1,27-1,28-1)

TREG1

TO1 I

INTT?

In the PWM mode, INTT1 occurs at the coincidence with
TREG1. However, the pulse width cannot be changed directly
using the interrupt. (Depending on the value of TREG1 to be
set, coincidence with TREG1 may be detected again in a single
cycle, inverting the timer output.)

To eliminate this problem in changing the pulse width, it is
effective the halt the timer with the INTT1 process, modify the
value of TREG1, set the timer output to “1”, and restart the
timer. In the mean time, the output waveform loses shape
when the pulse width is changed. This method is valid for a
system that allows a deformed output waveform.
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3.6.2 8-bit Timer/Event Counter

(1) Event counter mode

Timer 2 is an 8-bit timer/event counter. It functions as
not only as the 8-bit timer which is explained previ-
ously, but also as the counter.

Timer 2 turns to the event counter mode by setting the
input clock of Timer 2 as the external counter (T12).
Therefore, Timer 2 can be used as an 8-bit counter,
and Timer 3 and an 8-bit timer. Timers 2 and 3 turn to a
16-bit counter by connecting to a cascade . The
counter counts up at the rising edge of the T12 counter
input . The TI2 pin is also used for P33 and has the
zero-cross detection function. To T12 pin is specified
by setting TCLK<T2CLK> to “0, 0”.

MSB LSB

B 76543210

TRUN &« - - - - - 0 - - Stop Timer 2.

TMOD ¢« 00 XX - - -~ Set a timer to an 8-bit timer/counter mode

Set P33 to an input mode

P3CR ¢« - ---0-- - l *=0:T12 is square wave

P3FR « - - - =% - - - *=1:T12 is sigh wave (zoro-cross)

INTEF « - - - - - - - Enable INTT2

TCLK ¢« - -00--- - Select the input clock of Timer 2 as the counter T12

TREGZ2 « * * * » * * » » Ser the number of counts

LTRUN ¢« - -1--1-- Start Timer 2
(Note): Set a prescaler to “RUN" in an event counter mode.

X :Don'tcare -:No change
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(2)  Software counter latch

In an event counter mode, the up-counter value can

be written to a counter latch register by the current
running software. The present up-counter value is

written to counter register latch TREG2 or TREGS for

MSB LSB
_ 76543210
TRUN & - - - - - 00 -
TMOD « 00X X 00 - -
PICR ¢ - - --0-- -
TCLK ¢« - -0001- -
TREGL « 00110010
TREqu_ *® ok ¥ % L
INTEF ¢ - -1---- -
LTRUN ¢ --1--11-
Setting of INTT1 :
TFFCR « -0 - - - - - -

(Note): X :Don'’t care

every setting of register TFFCR <LLATCH2> or
<LATCHS3> containing “0”. A prescaler should be set

in “RUN” mode by setting register + <PRRUN> to “1”.

Example: To latch the counter value every 40us at fc

= 10MHz, the registers should be set as follows:

Stop Timers 1 and 2, and clear to “0”

Set timer 1 to an 8-bit timer mode,and Timer 2 to an 8-
bit timer/counter mode

Set P33 to an input mode

Select ®T1 (0.8us at fc=10MHy) as the input clock of T
imer 1, and select counter input T12 as input clock of
Timer 2

Set the timer register 1 at 404s/T1=50

Set the timer register 2

Enable INTT1

Count Timers 1 and 2

Latch the counter value.

-:Nochange

The latched counter value can be read by reading Timer register 2.
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3.7 Serial Channel duplex asynchronous transmission (UART) and 1/O expansion.
The TMP90C400 incorporates a serial 1/O channel for full The serial channel has the following operating modes:

Mode 0; Transmit/Receive [/O data for expand I/O
and transmit its synchronous signals
SCLK

e [/O interface mode

® Asynchronous transmission (UART ) mode

Model : 7-bit transmit/receive data length
Mode2 : 8-bit transmit/receive data length

Mode3 : 9-bit transmit/receive data length

The mode 3 accommodates a wake-up function to start Figure 3.7 (1) shows the data format (1-frame data) in
the slave controllers in a controller serial link (multi-controller each mode.
system).

e Mode 0 (/O Interface Mode)

«— Transfer direction

e Mode 1(7-bit UART Mode)

Ponoannos

e Mode 2 (8-bit UART Mode)

o [ Yo

e Mode 3 (9-bit UART Mode)

o [ X o
e 6 6.6 0 6 0 6 O L

When bit 8 = 1, address (select code) is denoted.
When bit 8 =0, data is denoted.

Figure 3.7 (1). Data Formats
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Data received and transmitted are stored temporarily into
separate buffer registers to allow independent transmission
and receiving (full-duplex).

In the 1/O interface mode, however, the data transfer is
half-duplex due to the single SCLK (serial clock) pin is used for
transmission and receiving.

Serial channel pins (RxD, SCL, TxD pins) are shared
among P35, P36 and P37, respectively. The pin function is
selected by P3CR and P3FR registers. P35 can be used as
RxD pin by setting PSCR <P35> to “0”. Also P36 and P37 can
be used as SCLK and TxD pins by setting PSCR6 <P37C,
P36C> to 11 and P3FR <SCLK, TXDC> to 11, respectively.

The receiving buffer register has a double-buffer structure

to prevent overruns. The one buffer receives the next frame
data while the other buffer stores the received data.

In the UART mode, a check function is added not to start
the receiving operation by error start bits due to noise. The
channel starts receiving data only when the start bit is
detected to be normal at least twice in three samplings.

When an request is issued to the CPU to transmit data
after the transmitting buffer becomes empty, or to read data
after the receiving buffer stores data, the interrupt INTTX or
INTRX occurs respectively, In receiving data, the flag SCCR
<OERR, FERR> is set when an overrun error, or framing error
occurs accordingly.
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3.7.1 Control Registers

The serial channel is controlled by five control registers

SCMOD
(FF99H)

(SCHMOD, SCCR, TRUN, P3CR, and P3FR). The received/
transmitted data are stored into SCBUF.

7 6 5 1 4 3 2 10
bitsymbol | TBB fxedat - RXE . WU  sM1  SMO  sC1 5C0
Read/write R/W

fi : : : :

Ggfsétmg gnde ine : 0 0 0 0 ; 0 : 0 : 0
Transmiss | Write 1: ¥ 100: /O interface:00:TO2TRG U
Function |ionBit- | “0”  Receive \Wake [01: UART 7bit :01:BR A
8datain : :Enable :up 10: UART 8bit :10:¢1 R
9bit UART: ‘Enable '11: UART 9bit :11:BR1/2 T
—T1 T | ]

L serial transfer clock

UART mode

1/0 interface

00

Timer 2 match

signal

Baud rate

generator

Baud rate

generator 1/2 clock

fc/ 8

L——Serial transfer mode

01
10
1"

00

UART mode

1/ interface mode
7-bit data

8-bi

9bitdata

e ——

Wake-up function

9-bit UART

Other modes

Interrupt if data

are received

Tinterruptonly if

RB8=1.

don't care

Enable receiving function

Disable

Enable

Transmission data b

Figure 3.7 (2). Serial Channel Mode Register

it8
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SCCR 7 6 ¢ 5 o4 3 2 i 1 1 0
(FF9AM) Igitsymbol | RBE . — . — . — . _ . _  OERR . FERR
Readwrite | R = —  — = — 1 — . _ (learedio "0"by
\l}g?gélmg gndefme - — — — — 0 : 0
Prohibit Receiving: — = — . — o= - 1: error
Read Function |Bit-8data: : : : U Overrun © Framing.
Modify ‘ : : - r ' ; 9
Write
Framing error flag 1 Always cleared
to “0" when
L, Overrunerror flag read out
Receiving data bit 8

(Note)Since all error flags are cleared after readout, avoid testing for only one bit using a
bit-testing instruction,

Figure 3.7 (3). Serial Channel Control Register

TB7 | TB6 ~ TBS . TB4 . TB3 . TB2 TB1 TBO |(Transmission)

SCBUF
(FF9BH)

R87 ' RBG6 | RBS | RB4 | RB3 | R82 | RB1 . RBO |(Receiving)

Figure 3.7 (4). Serial Transmission/Receiving Buffer Register
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TRUN
(FFI7H)

7 6 5 4 3 1 2 - 1
Bitsymbol |BRATE1 BRATEO: PRRUN: —  T3RUN :T2RUN: T1RUN : TORUN
Read/write RW ‘ R/W
fersima 0 o o - 0o 0 0 0
00: 300/150bps
Function | 01: 1200/600 Prescaler&Timer Run/stop Control
10: 4800/2400 0: STOP& Clear
11: 19200/9600 ! 1: Run (Countup)
_l
E Timer 2 function
0 |Stop &clear
1 | Count
L Prescaler function

0 |Stop & clear

ﬁ Count

Select transfer speed of serial I/0 baud

rate generator (fc=9.8304MHZ)

SCMOD<SC1,0> = 0,1 | SCMOD<5C1,0> =11
00 300bps 150bps
o 12000ps | 600bps
10| 4800bps |  2400bps
11| 19200bps |  9600bps

Figure 3.7 (5). Timer/Serial Channel Operation Control Register
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P3FR

(FF98H)

7 6 3 2 10
Bitsymbol | ODE | TxDC : ZCE3  ZCE2 | ZCE1 @ ZCEO
Read/write
Py S S S S
Valge 2 o 0 0 0 0 0
P37 P37 :
CONTROL :CONTROL  CONTROL .
Function 0: NCMCLE ‘0 gEneraLI- 1Q: general- :0: general- 0: general-perpose port
1: Open perpose  : Perpose 1: ZCDenable (Inputonly)
drain I port : port
1T 110 SCLK

I

Select P36 functions

0 |General-purpose port
1|sclkpin

Select P37 functions

0 |General-purpose port
1|Tx0pin o o

Select P37 CMOS/Open-drain output

0 [CMQOS output

1 | Open-drain output

Figure 3.7 (6). Port 3 Function Register
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3.7.2 Architecture

Figure 3.7 (8) is a block diagram of the serial channel.

------------- Serial Clock Circuit

TRUN<BRATE 1,0> TO2TRG (Timer 2 Comparator Output)

)
]
1
|
pemd e a |
: P L s 5|
Vo i ° 2 |
#T4(fd/32) —>=| o N v v H
4T16(f/128)  —=| 5 ; e s !
e ‘
$#T64 (fc/512) - ' j : !
#T256 (fc/2048) —>| @ \ \
L i fr
H i
«- BaudRate -4 |§CMOD<SC10>| SCMOD |
$1(i02) Generator <SM1,0> 3
]—> +2 f
} |
I/O Interface Mode :
H
1
l INTRX INTTX
Serial Channel
RX Counter scMoR., Interrupt TX Counter
<WUZ> | control
RXDCLK § T TXDCLK § 1
<SCMOD>RXE=>| oo 0ol TX Control
SCLK (e I— (

(P36)

RxD

(P35)

D—ﬁ RX Buffer 1(Shift Reg.) }

I RBS [ RX Buffer 2 (SCBUF)

J Error-flag

SCCR<OERR, FERR>

vt

88 l Tx Buffer (SCBUF)

Internal Data Bus

Figure 3.7 (8). Block Diagram of Serial Channel
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Baud-rate generator

The baud-rate generator comprises a circuit that
generates a clock pulse to determine the transfer
speed for transmission/receiving in the asynchronous
communication (UART) mode.

The input clock to the baud-rate generator @T4 (fc/32),
@T16 (fc/128), @T64 (fc/512) or @T256 (fc/2048) is

generated by the 9-bit prescaler. One of these input
clocks are selected by the timer/serial channel control
register TRUN <BRATE1, 0>.

Also, either no frequency division or 1/2 division can
be selected by the serial channel mode register
SCMOD <SCf1, 0>.

Table 3.7 (1) shows the baud-rate when fc = 9.8304MHz.

Table 3.7 (1) Baud Rate Selection (1) Unit [bps]
<BRATE1, 0> | Input Clock (283';':'8;‘) (18/51?'[‘{ ':';’;‘)
00 aT256 (fc/2048) 300 150
01 aT64 (fc/512) 1200 600
10 16 (fc/128) 4800 2400
11 T4 (fc/32) 19200 9600

@fc = 9.8304MHz

Table 3.7 (2) Baud Rate Selection (2)

(When use Timer 2 with gT1) Unit [Kbps]

12.288 12 9.8304 8 6.144

TREG2/c | iy MHz MHz MHz MHz
01H 96 - 76.8 62.5 48
02H 48 - 384 31.25 24
03H 32 31.25 - - 16
04H 24 - 19.2 - 12
05H 19.2 - - 9.6
08H 12 - 9.6 - 6
0AH 9.6 - - - 48
10H 6 - 48 - 3
14H 48 - - - 2.4
Baud Rate = —TE;‘F —116‘* x Input clock of Timer2

Input clock of Timer 2

oT1 =fc/8

oT16 =fc/128
oT256=fc/2048

TOSHIBA CORPORATION

75



TMP90C400/401

g

Serial clock generating circuit

This circuit generates the basic transmit/ receive clock.

1) I/O interface mode

It generates a clock at a 1/8 frequency (1.25Mbit/s at
10MH2z) of the system clock (fc). This clock is output
from the SCLK pin (also used as P36).

2) Asynchronous communication (UART) mode

A basic clock (SIOCLK) is generated based on the
above baud rate generator clock, the internal clock @1
(fc/2) (SIOCLK = 5MHz, Transfer speed = 312.5Kb.p.s
at 10MHz). or the match signal from Timer 2, as
selected by SCMOD <SC1, 0> register.

Receiving counter

The receiving counter is a 4-bit binary counter used in
the asynchronous communication (UART) mode and is
counted by using SIOCLK. 16 pulse of SIOCLK is
used for receiving 1-bit data. The data are sampled
three timers a 7th, 8th and 9th pulses and evaluated
by the rule of majority. for example, if data sampled at
the 7th, 8th and 9th clock are “1”, “0” and “1”, the
received data is evaluated as “1”. The sampled data
“0”, “0” and “1” is evaluated that the received data is
“0”.

Receiving control
1) I/O interface mode

The RxD signal is sampled on the rising edge of the
shift clock which is output to the SCLK pin.

2) Asynchronous communication (UART) mode

The receiving control features a circuit for detecting the
start bit by the rule of majority. When two or more “0”
are detected during 3 samples, it is recognized as nor-
mal start bit and the receiving operation starts. Receiv-
ing data being received are also evaluated by the
majority logic while receiving data.

Receive buffer

The receive buffer has a double-buffer structure to prevent
overruns. Receive data are stored into the receive
buffer 1 (shift register type) for each 1 bit. When 7 or 8
bits data are stored in the receive buffer 1, the stored
data is transferred to the receive buffer 2 (SCBUF), and
the interrupt INTRX occurs at the same time. The CPU
reads out the receive buffer 2 (SCBUF). Data can be
stored into the receive buffer 1 before the CPU reads
out the receive buffer 2 (SCBUF).

Note, however, that an overrun occurs unless the CPU
reads out the receive buffer 2 (SCBUF) before the
receive buffer 1 receiving all bits of the next data.
When an overrun occurres, the data in the receive
buffer 2 and SCCR <RB8> are not lost, however, that
in the receive buffer 1 are lost.

SCCR <RB8> stores the MSB in the 9-bit UART
mode.

In the 9-bit UART mode, setting SCMOD <WU> to “1”
enables the wake-up function of the slave controllers, and
the interrupt INTRX occurs only if SCCR <RB8> = “1”.

Transmission counter

This is a 4-bit binary counter used in the asynchronous
communication (UART) mode. Like the receiving
counter, it counts based on SOICLK to generate a
transmission clock TXDCLK for every 16 counts.

soek JLILL LN A AN NARNAARAN]N
1

516 17 2 3 4 5 6

9 10 11 12 13 14 15 16 '* 2

t
TXDCLK !
W

L
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O Transmission control
1) I/O interface mode

Data in the transmission buffer are output to the TxD
pin bit by bit at the rising edge of the shift clock output
from the SCLK pin.

2) Asynchronous communication (UART) mode

When the CPU have written data into the transmission
buffer, transmission is started with the next rising edge
of TXDCLK, and a transmission shift clock TxDSFT is
generated.

O Transmission buffer

The transmission buffer SCBUF shifts out the data
written by the CPU from the LSB as based on the shift
clock TXDSFT (Same period as TCDCLK) generated
by the transmission control unit. When all bits are
shifted out, the transmission buffer becomes empty,
generating the interrupt INTTX.

ad Signal Generation Timing

1) UART mode

Receiving
mode 9 bit 8 hit, 7 bit
. Center of last bit .
Interrupt timing (Bit ) Center of stop bit
Framing error timing Center of stop bit 1

Over-run error timing

Center of last bit (Bit 8)

1

Note: The occurrence of a framing error is delayed until after interruption.
Therefore, to check for framing error during interrupt operation, an addition
operation, such as waiting for 1-bit time, becomes necessary.

Transmitting
mode 9 bit 8 bit, 7 bit
Interrupt timing Just before the stop bit -

2) I/0 expansion mode

Interrupt timing of receiving

Just after the last SCLK rising

4L

Interrupt timing of transmitting
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3.7.3 Operation of the TMP90C400.
(1) Mode O (/O Interface Mode) The TMP90C400 supplies the transmit/receive data
and a synchronous clock (SCLK) to an external shift
This mode is used to increase the number of I/O pins register.
Qutput Port Expansion Input Port Expansion
TMP90C400 shift A| — | TMP90C400 shift Al -~
Register Bl — Register Bl «—
TxD Sl c| — RxD QH C| =—
D| — D| =—
SCLK SCK E| — SCLK CLOCK E| -—
Fl| — F| =—
Port RCK G| — Port S/L G| =
H| — H -
TC74HC595 TC74HC165
Figure 3.7 (9). I/0 Interface Mode
0 Transmission buffer, 8-bit data are output from TxD pin. When all
data are output, IRFH<IRFTX> is set, and the interrupt

Each timer the CPU writes data into the transmission INTTX occurs.

1234123412341
CLK B B B
TX Data ) H\ i E i 1 i : 1 ; 4
Writing Timing Lo P L
o AT LT L LT L
| L n ! ' i | L i
TxD X bito X bit1] )(js " X bite: X bit71 X
TXDSFT : n H_I_“_i_rl___u-l in
(‘L’ |

IRFTX
(INTTX Interrupt Flag)

Figure 3.7 (10). Transmitting Operation (I/O Interface Mode)
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Example: When transmitting data from P33 pin, the

P3CR «
P3FR «
SCMOD
INTEF
SCBUF

+

+

+

(Note) X ; don’t care

d Receiving

Each time the CPU reads the receive data and clears
the receive interrupt flag IRFH <IRFRX>, the next data
are shifted into the receive buffer 1. When 8-bit data

$2
IRFRX

1
1
[

] U\1U2U3UAU1L|12U3U4U; :1U2U3L|4LI:1U2U3 —

control registers should be set as described
below.

} Select P36 as the SCLK pin, and P37 as the TXD pin.

Set I/O interface Mode.
Enable INTTX interrupt.
Set data for transmission

-; Nochange

are received, the data are transferred to the receive
buffer 2 (SCBUF), which sets <IRFRX> and generates
interrupt INTRX.

For receiving data, the receiving enable state is previously
set SCMOD <RXE> = 1.

TRF<INTRX> H !
Interrupt flag j i

!
H ] |
L (! .
[ 1 "
]

SCLK

I v P s B B

RxD X

bit 0

P \ |
! H 1
bit1 X b;tz\gx bite X bit7

Transfer timing to

receiving bufféer 2

Figure 3.7 (11). Receiving Operation (I/O Interface Mode)
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Example: When receiving from P35 pin, the control registers should be set as described below.

PAR ¢ -10-- -~ - ‘ .
} Select P36 as the SCLK pin, and P35 as the RXD pin.

PIFR ¢ - -1-- - - -

SCMOD « X X X X 0 0 X X Set I/O interface Mode.

INTE € - - - - - - 1 - Enable INTRX interrupt.

SCMOD « - - 1 - - - - - Set RXE to “1”.

(Note) X ; don’t care -; Nochange
(2)  Mode 1 (7-bit UART Mode) Example: When transmitting data with the following
format, the control registers should be set
The 7-bit UART mode is selected by setting the serial as described below.

channel mode register SCMOD <SM1, 0> to “01”.

(Baud Rates 2400 bps @fc = 9.8304MHz)

<—— Transfer direction

PICR « 1 === - - } Select P37 as the TxD pin.

P3FR ¢ -1--- - - - )
SCMOD « X 0 - X0 111 Set the transfer speed at 2,400 bpsin
TRUN € 101-- - - - the 7-bit UART mode.

INTEF ¢ - - = = = - = 1 Enable INTTX interrupt.

SCBUF « * * * * * * * # Set data for transmission

(Note) X ; Don’t care -; Nochange

80 TOSHIBA CORPORATION



TMP90C400/401

(8)  Mode 2 (8-bit UART mode)

The 8-bit UART mode is selected by setting SCMOD
<SM1, 0> to “1, 0”.

Example: When receiving data with the following format,
the control registers should be set as
described below.

o fY Y

(Baud Rates 9600 bps @fc = 9.8304MHz)

~«—— Transfer direction

Main setting:

P3CR « - -0
TRUN « 111
SCMOD « - 01 X 1011
1_

INTRX processing:

Acc + SCCR A 00000011
if Acc = 0 then error
Acc + SCBUF

(Note) X: Don’tcare

Mode 3 (9-bit UART Mode)

The 9-bit UART mode is selected by setting SCMOD
<SM1, 0> = “11”,

The MSB (9th bit) is written into SCMOD <TB8> for
transmission, and into SCCR <RB8> for receiving.
Writing into or reading from the buffer must begin with
the MSB (9th bit) followed by SCBUF.

Select P35 as the RxD pin.

Set the transfer speed at 9,600 bpsin
the 8-bit UART mode.

Enable INTTX interrupt.

Check errors.

Read out the received data.

-: Nochange

Wake-up function

In the 9-bit UART mode, setting SCMOD <WU> to “1”
allows the wake-up operation as the slave controllers.
The interrupt INTRX occurs only when SCCR <RB8> = 1.

TOSHIBA CORPORATION

81



TMP90C400/401

TxD

Master

TxD RxD

Slave 1

TxD

Slave 2

RxD

TxD

RxD

Slave 3

TMPS0C400

TMP90C400

TMP90C400

TMP90C400

Note: for the wake-up operation, P33 should be always selected as the TxD pin of the slave controllers, and put in the open drain output mode.

Figure 3.7 (12). Serial Link Using Wake-up Function
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Protocol 0 The master controller transmits data to the specified
slave controller (whose <WU> bit is cleared to “0”)
a Select the 9-bit UART mode for the master and slave while setting the MSB (bit 8) <TB8> to “0”.
controllers.

d Set the SCMOD <WU> bit of each slave controller to s ﬂﬂﬂﬂﬂﬂ iL8 fstop )
o

bi
“1” to enable data receiving. . T

g The master controller transmits 1-frame data including

the 8-bit select code for the slave controllers. The u Lhn?;ﬁxz (;?r‘jgr’(’ilIizrnso(ralim;hchSecii/,(\eAg;ads/i\:w%; E;te
MSB (8-bit) SCMOD <TB8> is set to “1”.
(6-bi) <1Eed MSB (SCCR <RB8>) are set to “0” to disable the inter-
rupt INTRX.

T \sten m-unﬂnnn on When the <WU> bit is cleared to “0”, the interrupt

INTRX is generated and receive data are read.

The slave controllers (WU = 0) transmits data to the
master controller. It is possible that the the master
O  Each slave controller receives the above frame, and controller to be indicated the end of data received by

clears the <WU> bit to “0” if the above select code this transmit data.
matches its own select code.

Select code of slave controller "1

Example: Link two slave controllers serially with the
master controller, and use the internal clock
21 (fc/2) as the transfer clock.
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]

TxD RxD TxD RxD TxD RxD
Master Slave 1 Slave 2
Select Code Select Code
00000001 00001010

® Set the master control

Main
PICR & 1 =0 - == - - } Select P37 as TxD pin and P35 as RxD pin.
PIFR ¢ 01 - - - - - -
INTEF ¢ - - - - - - 11 Enable INTRX and INTTX,
SCMOD« 10101110 Select ¢1(fc/2) as the transfer clock in the 9-bit UART
_SCBUF‘- 00000001 mode.

Set the select code for the slave controller 1.
INTTX interrupt

SCMOD « Q0 - - - = - - - Set SCMOD <TB8&> to “0”.

SCBUF « * * % *» » * x & Set data for transmission,

® Set the slave controller 2

Main
PICR e 120 }  Select P37 as TxD pin and P35 as RxD pi
PIFR €11 - - - = = = elec as 1xU) pin an as hxU pin.
INTEF « - - - - - - 11 Enable INTRX and INTTX.
SCMOD « 00111110 Set <WU> to 1in the 9-bit UART mode

(transfer clock : 1 (fe/2)).

(Note) X: Don’t care-: No change
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4. Electrical Characteristics
TMP90C400N/TMP90C400F/

TMP9QOC401N/TMPO0C401F
4.1 Absolute Maximum Ratings
Symbol Parameter Rating Unit
Voo Supply voltage -05~+7 V
Vi Input voltage -0.5~Vgp+05 v
Py Power dissipation (Ta = 85°C) F 00 mw
N 600
TsoLper Soldering temperature (10s) 260 °C
Tstg Storage temperature -65~150 °C
Torr Operating temperature -40 ~ 85 °C

4.2 DC Characteristics

Ve = 5V = 10% TA = -40 ~ 85°C (1 ~ 10MHz)
TA = -20 ~ 70°C (1 ~ 12.5MHz)

Symbol Parameter Min Max Unit Test Conditions
Vi Input Low Voltage (P0) -0.3 0.8 V -
ViLs P1, P2, P3,P4, P5, P6 -03 0.3Vee v -
Vit RESET, NMI 03 025V v -
Vi3 EA 03 03 v -
Vi X1 -0.3 0.2Vee Vv -
Viy Input High Voltage (P0) 22 Voo +0.3 V -
Vit P1, P2, P3,P4, P5, P6 0.7Vee Vee+03 Vv -
Vi RESET, NMI 0.75Vce Veg +0.3 v -
Vi EA V- 03 Voo +0.3 v -
Vi X1 0.8Vge Voo +0.3 v -
VoL Qutput Low Voltage - 0.45 \ lop =1.6mA
Vou 2.4 Vv lon = -400pA
Vo Output High Voltage 0.75V¢g - v lo = -100pA

Vorz 0.9Vge v lop = -20pA
IDAR Darlingt_on Drive Current 04 35 mA Vexr=1.8V
(81/0 pins) (Note) Rexr=1.1kQ
Iy Input Leakage Current 0.02 (Typ) +5 LA 0.0=VinsVge
Ilo Output Leakage Current 0.05 (Typ) +10 LA 02<VinsVgp-02
Oplzr;ti:g Current (RUN) f% ((%F;)) 450 m tosc = 10MHz
oo ldle 2 6 (Typ) 15 mA (25%Up @12.5MHz)
§8E gﬁ - 04? B”OE%;C) 0.05 (Typ) ?g ﬁ 0.2 <Vin<Vgg - 02
Verp | Power Down Voltage (@STOP) 2 BACK UP 6 v le;%%‘gi
Regr RESET Pull Up Register 50 150 KQ -
Clo Pin Capacitance - 10 pF testfreq = IMHz
Viy Schmitt width RESET, NMI 0.4 1.0 (Typ) Vv -

Note: IpaR is guaranteed for a total of up to 8 optional ports.
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4.3 AC Characteristics

Vige = 5V  10% TA = -40 ~ 85°C (1 ~ 10MHz)
CL = 50pF TA = -20 ~ 70°C (1 ~ 12.5MHz)

Variable 10MHz Clock 12.5MHz Clock
Symbol Parameter Unit
Min Max Min Max Min Max
tosc Oscillation cycle (= x) 80 1000 100 - 80 - ns
tove CLK Period 4x 4 400 - 320 - ns
twi CLK High width 2x- 40 - 160 - 120 - ns
tw CLK Low width 2x - 40 - 160 - 120 - ns
tar A0 ~ 7 effective address — ALE fall 0.5x-15 - 35 - 25 - ns
tia ALE fall » A0 ~7 hold 0.5x-15 - 35 - 25 - ns
tu ALE Pulse width x-40 - 60 - 40 - ns
i ALE fall RD/WR fall 0.5x-30 - 20 - 10 - ns
foL RD/WR - ALF rise 0.5x-20 - 30 - 20 - ns
tacL AO ~ 7 effective address — RD/WR fall X-25 - 75 - 55 - ns
facH Upper effective address — RD/WR fall 1.5%-50 - 100 - 70 - ns
tea RD/WR fall — Upper address hold 05x-20 - 30 - 20 - ns
taDL A0 ~ 7 effective address — Effective data input - 3.0x-35 - 265 - 205 ns
tapH Upper effective address — Effective data input - 3.5x-55 - 295 - 225 ns
trn RD fall . Effective data input - 2.0x-50 - 150 - 110 ns
thg RD Pulse width 2.0x-40 - 160 - 120 - ns
thg RD rise — Data hold 0 - 0 - 0 - ns
tRAE RD rise - Address enable x-15 - 85 - 65 - ns
tww WR pulse width 2.0x- 40 - 160 - 120 - ns
tow Effective data — WR rise 2.0x-50 - 150 - 110 - ns
twp WR rise — Effective data hold 0.5x-10 - 40 - 30 - ns
tackH Upper address — CLK fall 2.5x- 50 - 200 - 150 - ns
tackL Lower address — CLK fall 2.0x - 50 - 150 - 110 - ns
tokHA CLK fall - Upper address hold 1.5x- 80 - 70 - 40 - ns
feck RD/WR - CLK fall X - 25 - 75 - 55 - ns
tokHe CLK fall - RD/WR rise x-60 - 40 - 20 - ns
tock Valid data CLK fall x-50 - 50 - 30 - ns
fowa RD/WR fall - Valid WAIT - x-40 - 60 - 40 ns
tawaL Lower address — Valid WAIT - 2.0x-70 - 130 - 90 ns
tyvan CLK fall - Valid WAIT hold 0 - 0 - 0 - ns
tAwAH Upper address — Valid WAIT - 25x-70 - 180 - 130 ns
topw CLK fall — Port Data Output - X + 200 - 300 - 280 ns
(5 Port Data Input — CLK fall 200 - 200 - 200 - ns
tepr CLK fall — Port Data hold 100 - 100 - 100 - ns

AC Measuring Conditions

¢ QOutput level: High 2.2V/Low 0.8V, C|_ = 50pF

(However, CL = 100pF for ADO ~ 7, A8 ~ 15, ALE, RD, WR)
¢ Input level: High 2.4V/Low 0.45V (ADO ~ AD7)

High 0.8Vc/Low 0.2V¢ (excluding ADO ~ AD7)
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4.4 Zero-Cross Characteristics

Ve =5V +10% TA = -40 ~ 85°C (1 ~ 10MHz)
TA =-20 ~ 70°C (1 ~ 12.5MHz)

Symbol Parameter Condition Min Max Unit
Vo Zero-cross detection input AC coupling C = 0.1pF 1 18 VACp-p
Azx Zero-Cross accuracy 50/60Hz sine wave - 135 mV
Fax Zero-cross detection input frequency - 0.04 1 kHz

4.5 Serial Channel Timing-1/0 Interface Mode

Ve = 5V +10% TA = -40 ~ 85°C (1 ~ 10MHz)
CL = 50pF TA = -20 ~ 70°C (1 ~ 12.5MHz)

Variable 10MHz Clock 12.5MHz Clock
Symbol Parameter Unit
Min Max Min Max Min Max
tsoy Serial Port Clock Cycle Time 8x - 800 - 640 - ns
toss Output Data Setup SCLK Rising Edge 6x-150 - 450 - 330 - ns
tons Output Data Hold After SCLK Rising Edge 2x-120 - 80 - 40 - ns
thsr Input Data Hold After SCLK Rising Edge 0 - 0 - 0 - ns
tsro SCLK Rising Edge to Input DATA Valid - 6x-150 - 450 - 330 ns

4.6 8-bit Event Counter

Ve =5V +10% TA = -40 ~ 85°C (1 ~ 10MHz)
TA = -20 ~ 70°C (1 ~ 12.5MHz)

Variable 10MHz Clock 12.5MHz Clock
Symbol Parameter Unit
Min Max Min Max Min Max
tyck TI2 clock cycle 8x+100 - 900 - 740 - ns
tyckL TI2 Low clock pulse width 4x+40 - 440 - 360 - ns
tyckH TI2 High clock pulse width 4x+40 - 440 - 360 - ns

4.7 Interrupt Operation

Vg =5V +10% TA =-40 ~ 85°C (1 ~ 10MHz)
TA =-20 ~ 70°C (1 ~ 12.5MHz)

Variable 10MHz Clock 12.5MHz Clock
Symbol Parameter Unit
Min Max Min Max Min Max

NMI, INTO Low level pulse width

thTAL 4x - 400 - 320 - ns
1r
NMI, INTO High level pulse width

thTAH _[_]_ 4x - 400 - 320 - ns
INT1 Low level pulse width

thTBL 8x+100 - 900 - 740 - ns
1r
INT1 High level pulse width

thTBH 8x+100 - 900 - 740 - ns
I
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4.8 1/0 Interface Mode Timing

CLK ! | L L1 | I L7 L | |

SCLK l

OUTPUT DATA

|
TxD \

o | X X 2 ) G X

INPUT DATA

tsrRD ‘ | tHsR

RxD

X VALID X XVALID X X VALID X X VALID >C
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4.9 Timing Chart

CLK

Ag~1s

ADg~7

ALE

2|
Qi

ADg-~7

ALE

WAIT

Port Qutput

Port Input

teve |
twH 4

—

tACKH - twi !

tackL tckHA
tapH
tapL
—
}'—-——-{ Ag~7 [ —————— -] Dg~7 IN }--—-—-—-{
ta tHR—’-(—T
CA
, tcck |l texme
tAL_li tie I tcL
/ \
tacL
tACH -« D tRAE
trRR f
toek |
_______ { Ao X Dg~7 OUT b - — -(
t t
tL . DW WD
|
1 \ tic tcL
tact
tww
tewa
twaH
tAawAL >
tAwAH e W
<—1PRC—>| tcpp
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5. Table of Special Function Registers

The special function registers include the 1/0O ports and periph-
eral control registers allocated to the 32-byte addresses from

FF80H to FFOFH.

Format of table

Py

OGN CKSG

I/O port
I/O port control
Timer/event counter control
Serial channel control

Inrerrupt control
Standby mode control

Symbol

Name

Address

TMP90C400 Special Function Register Address List

—bit Symbol
—Read/Write
-»Resetting Value

—Function

Address Symbol Address Symbol
FF80H PO FF90H TREGO
FF81H POCR FF91H TREG1
FF82H P1 FF92H TREG2
FF83H P1CR FF93H TREG3
FF84H P2 FF94H TCLK
FF85H P2CR FF95H TFFCR
FF86H P2FR FF96H T™MOD
FF87H P3 FF97H TRUN
FF88H P3CR FF98H P3FR
FF89H P4 FF99H SCMOD
FF8AH P4ACR FF9AH SCCR
FF8BH P5 FF9BH SCBUF
FF8CH P5CR FFICH INTEF
FF8DH P6 FF9DH DMAEF
FF8EH P6CR FF9EH IRFR
FF8FH STBMOD FFOFH INTMR
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(1) /O Port MSB LSB
Symbol Name Address 7 6 5 4 3 2 1 0
PO7 P06 P05 P04 P03 P02 P01 P00
PO Port 0 FF80H AW
Input mode
P17 P16 P15 | P14 | P13 | P12 | P11 | P10
P1 Port 1 FF82H AW
Input mode
P27 P26 P25 | P24 | P23 | P22 | P21 | P20
P2 Port 2 FF84H RIW
Input mode (with pull-up register )
P37 P36 P35 | P34 | P33 | P32 | P31 | P30
P3 Port 3 FF87H RAW
Iput mode (with pull-up register)
P47 P46 P45 | P44 | P43 | P42 | P41 | P40
P4 Port 4 FF89H RIW
Input mode (with pull-up register)
P57 P56 P55 | P54 | P53 | P52 | P51 | P50
P5 Port 5 FF88H RIW
Input mode (with pull-up register)
P67 P66 Pe5 | Pe4 | P3| P62 | P61 | PBO
P6 Port6 FF8DH RIW
Input mode
Note: Read/Write
R/W: Either read or wirite is possible
R: Only read is possible.
W: Only write is possible.
(2) 1/O Port Control MSB LSB
Symbol Name Address 7 6 5 4 3 2 1 0
PO7C POGC PO5C POAC P0O3C P02C POIC POOC
FF81H
Port 0 W
POCR Control (profibit 0 0 0 | 0 | 0 | 0 | 0 | 0
Reg. RMW)
0:In 1:0ut  (I/0 selected bit by bit)
e P17C P16C P15C | P14C | P13C | P12C | P11C | P10C
Port 1 W
P1CR Control (prohibit 0 0 0 | 0 | 0 | 0 | 0 | 0
Reg. RMW)
0:In 1:0ut (/O selected bit by bit)
- - P25C | P24C | P23C | P22C | P21C | P20C
FF85H
Port2 - _ W
gm0 [ o [
) - - 0:In 1:0ut (I/0 selected bit by bit)
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(2) 1/O Port Control MSB LSB
Symbol Name Address 7 6 5 4 3 2 1 0
- WAITC1 WAITCO NMIC - - - EXT
- RW R/W R/W - - W
Port 2 FF86H 0 0 0 0 0 0 0 -
P2CR Function (prohibit Wait control NMI control 0
Reg. RMIW) 00: 2state Wait - general-
- 01 : normal Wait purpose - - - -
10: non Wait port 1: input
11 Time r 0/1 Output NMI
FFagH P37C P36C | P35C P34C P33C P32C P31C P30C
Port 3 W
P3CR Control -
Req. (Emlvblt o | o | o [ o | o | 0 | o | 0
) 0:In 1:0ut (I/0 selected bit by bit)
oE | moc | sok | ToE | zes | 2 | 0B | ZC0
W
sk Eort?f FroaH 0 0 0 0 o [ o | o [ o
3 Rggcnon P37control P37 Control P36 control P34 control P33 control: P32 control P31 control P30 control
) 0:CMO0S 0 general- 0 general- 0: general— 0: general-purpose port
1:Open drain | purpose port | purpose port | purpose port 1:ZCD enable (input only)
1:TxD 1:SCLK 1:T01
- P47C P46C P45C P44C Pisc | Pac | Peic | paoc
Port 4 w
P4CR Control .
Req. (;;mlvblt o | o | o [ o | o | 0 | o | 0
) 0:In 1:0ut  (I/0 selected bit by bit)
- Psic | Pssc | Pssc | pac | pssc | pc [ psic | Psoc
Port5 W
P5CR Control .
Reg. (%Wt o [ o | o | o | o [ o | o [ o
) 0:In 1:0ut  (I/0 selected bit by bit)
EraH erc | Pesc | Pesc | peac | pesc | pec [ peic | Paoc
Port 6 W
P6CR Control .
(prohibit 0 0 0 0 0 0 0 0
oy | | | | | | |

0:In 1:0ut  (I/0 selected bit by bit)
Note: Prohibit RMW: Prohibit Read Modify Write (Prohibit BIT/RES/SET Instructions)

(8) Timer/event Counter Control MSB LSB
Symbol Name Address 7 6 5 4 3 2 1 0
- FFI0H _
TRego | SOLTImer ki W
Register 0 RMW
Undefined
- FF91H _
TREGT Boit Timer | chiit W
Register 1 RMW
Undefined
8bit Timer _
TREG2 Counter Latch OFF92H R/W R : Counter Latch Register 2, W : 8bit Timer Register 2
Register 2 Undefined
8bit Timer _
TREG3 Latch FFI3H W
Register 3 R/W R : Counter Latch Register 3, W : 8bit Timer Register 3
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(8) Timer/event Counter Control MSB LSB
Symbol Name Address 7 6 5 4 3 2 1 0
T3CLK1 T3CLKO T2CLK1 T2CLKO T1CLK1 T1CLKO TOCLK1 TOCLKO
o R/W R/W R/W RIW
8bit Timer
Source 0 0 0 0 0 0 0 0
TCLK Clock OFF94H 00: TO2TRG 00:T12 00: TOOTRG 00:T10
Control 01:aT1 01:aT1 01:gT1 01:aT1
Reg. 10: 0716 10: 0716 10: 0716 10: gT16
11: 97256 11: 97256 11: 97256 11: 97256
(8bit mode only) (8bit mode only)
LATCH3 LATCH3 = TFF1C1 TFF1CO TFFIE | TFF1IS
W W - W RIW
8bit Timer 1 1 - 0 0
Flip-Flop 0: LATCH 00 : Clear TFF1 0 Invert 0 Invert
TFFCR FF95H
Control (one shot) 01: Set TFF1 Disable by 8bit
Reg 10 Invert TFF1 1 Invert timer 0
- 11 : Don't care Enable 1: Invert
by 8bit
Timer 1
T32M1 | T32M0 - T10M1 | T10M0 PWMO1 PWMO0
RW - RW RW
op | Bt Timer _— o [ o - o [ o 0 0
Mode Reg. 00 : 8bit Timer/Counter 00 : 8bit Timer 00:-
01 : 16bit Timer/Counter 01 : 16bit Timer 01:25-1 PWM Period
10 : Don't care - 10 : 8bit PPG 10:27-1
11 : Don't care 11 : 8bit PWM 11:28-1
i BRATET |  BRATEO PRRIN | - TSRUN | ToRUN TIRUN | TORUN
Timer/ R/W R/W
TRUN ?}?}rial I FFI7H 0 | 0 0 | 0 | ° | 0 ° | °
7
Bajg T%eate 00 : 300/150 bps Prescaler & Timer Run/Stop Control
Control 01:1200/600
Reg 10 : 4800/2400 0: Stop & Clear
’ 11:19200/9600 1:Run (Count up)
(4) Serial Channel Control MSB LSB
Symbol Name Address 7 6 5 4 3 2 1 0
TB8 Fixed at “0” RXE WU SM1 SMO SC1 SCO
RW
SCMOD girial | _ Undefined 0 0 0 0 0 0 0
99
i Oij”e”;eg Transmission | Wite '0' |1 1. 00 1/0 interface 00 TO2TRG U
’ Bit-8 data Receive Wake up 01 : UART 7bit 01:BR A
in 9bit Enable Enable 10 : UART 8bit 10: 21 R
UART 11 : UART 9bit 11:BR1/2 T
RB8 - - - - - OERR FERR
Serial R - - - - R (Cleared to “0” by reading)
sccR | o FroAH Undefined 0 0 0 0 0 - -
trol
ngisrfer Receiving 1 error 1 error
Bit 8 - - - - - Overrun Flaming
data
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(4) Serial Channel Control MSB LSB
Symbol Name Address 7 6 5 4 3 2 1 0
Serial FFOBH RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO
scar | Chenmel 187 TB6 185 TB4 183 B2 TB1 TB0
Buffer prohibit R (Receiving)/W (Transmission)
Regi RMW
eqlster Undefined
Also refer to P3FR, TRUN register. Note: BR: Baud Rate Generator
(5) Interrupt Control MSB LSB
Symbol Name Address 7 6 5 4 3 2 1 0
IEO IETO IET1 IET2 [ET3 IE1 |ERX [ETX
Interrupt R/W
INTEF Enable FFICH
Mask Reg. 0 | 0 | 0 | 0 | 0 | 0 0 | 0
1 Enable 0 : Disable
D0 | DEo | et | DET2 | DET3S | DA DERX |  DEWX
Micro DMA R/W
DMAEF Enable FFIDH
Register _ | - | _ | _ | _ | _ 0 | 0
1:Enable 0 : Disable
R | w0 | Rt | mFi2 [ RIS | RF | RRRX [ IRFIX
ermp Only IRF clear code can be used
R (On clear code can be used to write
RER Request FFOEH (Only )
Flag & 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
IRF Clear - - - —
1 Interrupt being requested (IRF is cleared to “0” by writing IRF clear Code)
- - - - - - - EDGE
INTO Mode - - - - - - - RW
INTMR Control FFOFH - - - - — — - 0
Reg.
% B - B ] - - - 0 level
1:1edge
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(6) Standby mode control MSB LSB
Symbol Name Address 7 3 2 1 0
- HALTM1 HALTMO EXF DRIVE
- RW R R/W
Standby - 0 0 Undefined 0
STBMOD | Mode FF8FH Standby mode Invert each 1:todrive
Reg. 00 : RUN mode time EXX pinin
- 01: STOP mode instruction STOP
10 : IDLE1 mode is executed mode

11 : IDLE2 mode
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6. Port Section Equivalent Circuit Diagram
¢ Reading The Circuit Diagram

Basically, the gate singles written are the same as those
used for the standard CMOS logic IC [74HCXX] series.
The dedicated signal is described below.

e PO (ADO ~ AD7), P1 (A8 ~ A15), P4, P6

Qutput Data

Output Enable

sTOP T o= n-h

STOP: This signal becomes active “1” when the hold
mode setting register is set to the STOP
mode and the CPU executes the HALT
instruction. When the drive enable bit [DRIVE]
is set to “17, however, STP remains at “0”.

e The input protection resistans ranges from several tens of
ohms to several hundreds of ohms.

Ve

—= P—h

AAA
Input Data —%—G__l W {1 mvout

Input Enable
(PO, P1, P4, P6 Read)
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e P20 ~ P23, P25, P5

Vee Vee

Qutput Data Do——”:—n— P—chL — Programable

Pull-Up resister
Output Enable
’ F;l"erP 57 N-ch

Input Data -@4‘@7—% L1 nout

Input Enable
(P2, P5 Read)

e P24 (N

<

Vce Ve

Output Data Do-——l[—» P-chL — Programable

Puli-Up resister

Output Enable J __DO——I < neh
STOP -
Input Data © g {:i IN/OUT
Schmitt
Input Enable
(P2 Read)
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* P26 (RD), P27 (WR)

Vce

O—=
v

sTOP ] So—[~—

Qutput Data

* P30 ~ P33

Self Bias Circuit
for Zero-Cross

Vec Vee
o
Output Data )<>—|[—> P—ch|—| — Programable
Pull-Up resister
Output Enable
STOP =<— N-ch

[T M

o—r Do |

i — ¥ ‘—I i

Zero-Cross ! !
Enable E E/-\

: f ;

f )

Input Data CQ_QGT Wy {1 iNnouT
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e P34 ~ P37
Vec Vee
Output Data — — P—ch|-| — Programable
Pull-Up resister
Qutput Enable
sToP ] Do——]
A INJOUT
Input Data ‘—‘°<]—°G—1 W~ ]
STOP
e CLK
VCC vCC
Internal CLK P-ch % _ig,
E] ouT
STOP -
N-ch
Internal Reset
M
(For Test)
e X1, X2
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e RESET

* ALE

»— Delete at 90P800

- i (]
100K¢: vec
typ-\
o} IN
Schmitt
VCC

Internal ALE

O r

Ve ——

i{}—{ — N-ch

ouT
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