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TOSHIBA UNDER DEVELOPMENT TMP90C844

TOSHIBA (UC/UP)

CMOS 8-BIT MICROCONTROLLERS

TMP90C844N/TMP90C844F

1. OUTLINE AND CHARACTERISTIC

TMP90C844 is a high speed, high performance 8-bit microcontroller developed for
application in the control of various devices.

TMP90C844, CMOS 8-bit microcontroller, integrates an 8-bit CPU, ROM, RAM, A/D
converter, multi-function timer/event counter, general-purpose serial interface and
slave functions in a single chip, and with which external program memory and data
memory can be extended up to 56 KB.

TMP90C844N is a device with a 64pin shrink DIP.

TMP90C844F is a device with a 64pin flat package.

The following are the features of TMP90C844.

(1) Highly efficient instructions
163 types of basic instructions, including
Multiplication, division, 16-bit arithmetic operations, bit manipulation
instructions.
(2) Minimum instruction executing time: 250ns (at 16MHz oscillation frequency)
(3) Built-in ROM: 8KB
(4) Built-in RAM: 256 bytes
(6) Memory expansion
External program memory : 56KB
External data memory : 56KB
(6) Highly accurate 8-bit A/D converter (4 channels)

(7) General-purpose serial interface (1 channel)
With asynchronous mode and I/0 interface mode

(8) Multi-function 16-bit timer/event counter (1 channel)

(9) 8-bit timer (4 channels)
(10) Stepping motor control and pattern generation ports (2 channels)
(11) Input/Output ports: 54 pins

(12) Slave function QS
(13) Interrupt function: 12 internal, 3 external \\%
(14) Micro Direct Memory Access (DMA) function (13 channels) \ ;
(15) Watchdog timer function . S\; )
(16) Standby function (3 HALT modes) , //\J
(72)
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Figure 1 TMP90C844 Block Diagram
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2. PIN ASSlGNMENT AND FUNCTIONS

The assignment of input/output pins for TMP90C844, their name and outline
functions are described below.

2.1 Pin Assignment
Figure 2.1 (1) shows pin assignment of TMP20C844N.

VREF ] 1 64 [vee
AGND ]2 63 [JP47 (INT2/TI5)
(ANO) P50 (3 62 [JP46 (INT1/TI4)
(AN1) P51[]4 61 P45 (INTO/TI2)
(AN2) P52 5 60 [JPaa (TIO)
{AN3) P53 6 59 [pP43 (TO5)
(SWR) P30 7 58 {3P42 (TO4)
(SRD) P31 (78 57 p41 (TO3)
(5€S) P32[]9 56 3P40 (TO1)
(¢/Dy P33J10 55 3P73 (M13)
(STA) P34 11 54 JP72 (M12)
(RxD) P35[J12 53 P71 (M11)
(SCLK) P36 []13 < 52 P70 (M10)
(TxD} P37014 &  51[3P63 (MO03)
(sBO) P20 ] 15 v 50 P62 (MO2)
(sB1) P21[]16 g 49 1pe1  (MO1)
(sB2) P22[]17 a 48 1P60  (MOO)
(sB3) P23 []18 = 47 TIRESET
(sB4) P24 []19 = 46 [JP57 (WR)
(SB5) P25[]20 45 1pss  (RD)
(SB6) P26 (] 21 44 M CLK
(SB7)/ (WAIT) P27 []22 43 P17 (A15)
{ADO) POO []23 42 P16 (A14)
{AD1) P01 []24 M [3P5 (A13)
(AD2) P02 25 40 P14 (A12)
(AD3) P03 []26 39 P13 (A1)
(AD4) P04 27 38({JP12  (A10)
(AD5) PO5 |28 37 3P11  (A9)
(AD6) P06 []29 36 [OP10  (A8)
(AD7) PO7 (130 35{3EA
ALE ] 31 34 X2
GND [ 32 33 M1

Figure 2.1 (1) Pin Assighnment (Shrink DIP)
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Figure 2.1 (2) shows the pin assignment of TMP90C844F.
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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 summarized in Table 2.2.
Table 2.2 (1/3)

. . IO or
Pin name | No. of pins i
! P tristate Function
POO~PO7 8 1/0 Port0: An 8-bit I/O port. Each bit can be set for input or output.
{ADO~AD7 [Tristate | Address/data bus: Operates as an 8-bit bi-directional address bus
or data bus when using external memory.
P10~P17 8 (o] Port 1: An 8-bit 1/O port. Each bit can be set for input or output.
/A8~A15 /Output | Address bus: Operates as an address bus {(upper 8 bits) when using
external memory
P20-~-P27 8 /0 Port 2: An 8-bit /O port. Each bit can be set for input or output.
Slave bus:  When used as a slave processor, operates as the slave
/SBO~SB7 (8) bus for the transfer of data to and from the master
processor.
MAWAIT {1 /input Wait: Input pin for connecting a memory or peripheral LSI with
delayed access time.
P30~P37 8 1o Port3: 8-bit /O port which allows /O selection on bit basis (with
programmable pult-up resistor).
SWR (1 Nnput  |Slave write: The strobe signal input to write data from the master
processor.
/SRD (1) finput  |Slave read: The strobe signal used by the master processor to
read data.
/5CS (1} Nnput Slave chip select: The chip select signal input from the master
processor.
¢D (1) Input Command/data: The command/data select signal input from the
master processor.
/STA (1) /Output |Status output: Used to report the slave bus status to the master
processor.
RxD (1) Input Receiver of serial data
/SCLK (1) /0 Serial clock
fTxD (1 /Output | Transmitter of serial data
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Table 2.2 (2/3)
. . I/O or .
Pin name | No. of pins tristate Function
PA0~-P47 8 1O Port4: 8-bit /O port which allows /O setection on bit basis (with
programmable pull-up resistor).
T01,3,4, {4) /Output ] Timer outputs 1, 3, 4, and 5: Output ports for timer 0, or timer 1,
5 timer 2, timer 3 and timer 4 (2 lines).
[TIo, 2, 4,5 (4 /input TimerinputsQ, 2,4,and 5: Input ports for timer 0, or timer 1,
timer 2 and timer 4 (2 lines).

ANTO (1) /input Interrupt request terminal 0: Interrupt request pin 0: Level/rise
edge programmable interrupt
request pin

/INT1 (1) /nput

Interrupt request terminal 1: Interrupt request pin 1: Rise/fall edge
rogrammabile interrupt request pin

/INT2 %) Ainput prog prrequestp

Interrupt request terminal 2: Interrupt request pin 2: Rise edge
interrupt request pin

P50~P53 4 Input Ports 50 ~ 53:  1-bit output ports.

/ANO~AN3 Analoginput: 4 analog inputsto A/D converter.

P56 1 Output {Port56: A 1-bitoutput port.

/RD Read: Strobe signal output for reading external memory.

P57 1 Output | Port57: A 1-bit output port.

AR Write: Strobe signal output for writing external memory.

P60~P63 4 1o Port 6: 4-bit IO port which allows 1/0 selection on bit basis.

/MO0~ /Output |Stepping motor control port 0 or pattern generation port 0

M03

P70~P73 4 7o} Port 7: 4-bit I/O port which allows I/0 selection on bit basis.

/M10~ /Output |Stepping motor control port 0 or pattern generation éort 1

M13

ALE 1 Output | Address latch enable

CLK 1 Output |Clock output: Generates clock pulse at 1/4 frequency of clock
oscillation. It is pulled up during resetting.

EA 1 Input External access: Connects to the Vee pin when the TMP90C844 built
ROM is used.

MCU90-510




TOSHIBA (UuC/suP)

S4E D N 9097249 002108L 938 EMTOSS3

TOSHIBA TMP90C844
Table 2.2 (3/3)
. . 1/0 or .
Pin name | No. of pins tristate Function
RESET 1 Input Reset: Initializes TMP30C844 (pull-up resistance is built-in).
X1, X2 2 e} Crystal oscillator connection pin
VREF 1 input of reference voltage to A/D converter
AGND 1 GND pin for A/D converter
Vce 1 Power supply pin(+5V +/- 10%)
GND 1 GND pin (0V)
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3. OPERATION

This section explains the functions and basic operations of the TMP90C844 in blocks.
31 CPU

TMP90C844 has a built-in, high performance 8-bit CPU.

For the operation of the CPU, see “TLCS-90 CPU” described in the previous section.

This section explains the CPU functions unique to the TMP90C844 that are not
explained in “TLCS-90 CPU".

3.1.1 Reset

Figure 3.1 (1) shows the basic timing of reset.

To reset TMP90C844, it is required that the power supply voltage is within operating
range, the internal oscillator is stably functioning, and RESET input be kept at “0” at
least 10 system clocks (10 states: 2 microseconds with 10 MHz system clock).

When reset is accepted, among I/O common ports, port 0 (address data bus
AD0~ADY), port 1 (address bus A8~A15) and port 2 are set to input status (with high
impedance). Qutput ports P56 (RD) and P57 (WR) and CLK are set to “1” and ALE is
cleared to “0”.

CPU registers and external memory are not changed. However, program counter PC
and interrupt enable/disable flag IFF are cleared to “0”. The A register becomes
undefined. :

When the reset is released, instruction execution starts from address 0000H.
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Figure 3.1 (1) Reset Timing of TMP90C844

3.1.2 EXF (Exchange flag)
The exchange flag EXF is inverted when the EXX instruction is executed to exchange
data between the TMP90C844 main registers and auxiliary registers. This flag is
assigned to bit 1 at memory address FFD2H.

7 6 L s i a i3 | 2 1 0
bitSymbol | WDTE | WDTP1 ;| WDTPD | WARM | HALTM1: HALTMO|  EXF DRIVE
WDMOD Read/Write RW R RAW
(FFD2H) - - - : -
After reset 1 : 0 ; 0 : 0 ; (4] : 0 Un-defined 0
1:WDT }WDT detectiontime ;Warming :Standby mode Inverts  14: Drives
Enable | 00: 216/fc iuptime |  00:RUN fﬁ;'g(';‘e the pin
Function 01;: 218/fc ;0:214/& 01: STOP instructio Jevenin
: 10: 2207f¢ i1 216ffc 10: IDEL1 nis the STOP
11: 22%/fc : 11: - executed. Imade

3.1.3 Wait Control
For the TMP90C844, wait control register (WAITC) is assigned to bits 0 and 1 at
memory address FFD1H.
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v i 6 i 5 i a4 i 3 i 2 10
D25FR bit Symbol - 1 - i - i - i - i RDE_|] WAITCI WAITCO
iy KT M N S N S S
After reset i H : : i 0 0 : 0

{RD control  wait control

: : i i “: Always | 00: 2 state wait

Function ] RD 01: Normal Wait
: i i : ! output | 10: Nonwait

: 1M; -

32 MemoryMap

The TMP90C844 can provide a maximum 64Kbyte program and data memory.
The program and data memories may be allocated to the addresses 0000H~FFFFH.

(1) Built-in ROM

TMP90C844 has an internal 8-byte ROM. This ROM is located at addresses
0000H~1FFFH. Program execution starts from address 0000H after a reset operation.

Addresses 0008H~0078H in the internal ROM area are used as the interrupt
processing entry area.

{2) Built-in RAM

TMP90C844 contains a 256-byte built-in RAM which is allocated to the addresses
FECOH~FFBFH. The CPU can also access some portions of the RAM (192 byte area
FFOOH~FFBFH) using short instruction codes in the direct addressing mode.

Addresses of FF18H~FF78H this RAM area are used as the parameter area for micro
DMA processing. (This area can freely be used when micro DMA function is not used.)

(3) Built-in VO

TMP90C844 uses 56 bytes of the address space as a built-in I/O area. The area is
allocated to the addresses FFCOH~FFF7H. The CPU can access the built-in I/O using
shert instruction codes in the direct addressing mode.

Figure 3.2 shows the memory map and the access ranges of the CPU for each
addressing mode.
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0000H 77
Built-in ROM
(8 Kbyte) /
2000H
External Program and data area
memory (BC)
(56 Kbyte) (DE)
(HL)
| (5P)
(SP +d)
FECOH (HL+A)
B ilt-in RAM (nn)
7 UI '[n ) 'x
FFOOH | (256 bytes) gwg }
% (IX +d) Direct are(z)
% }
FFCOH Built-in /0 (V+d)
\\\\\(\5\6\\b\¥\t?\s\l\\\\\\\\
FFF8H External Memory
FFFFH (8 bytes) \

Figure 3.2 Memory Map
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3.3 Interrupt Functions

TMP90C844 provides the two processing modes for internal and external interrupt
requests; a general-purpose interrupt processing mode and a micro DMA processing
mode in which the CPU can automatically transfer data.

Immediately after a reset is released, all the responses to interrupt requests are set in
the general-purpose interrupt processing mode. Using DMA enable/disable register
which will be described later, each interrupt request can be set to the micro DMA
processing mode.

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

( Interrupt processing )

Interrupt vector V read

YES

Micro DMA
rocessing mode?

'NO

G al-purpose : -
Crisneaihonsing ) (icro DM processing )

310189

Figure 3.3 (1) Interrupt Response Flowchart

When an interrupt request is generated, it is reported to the CPU via the built-in
interrupt controller. The CPU starts the interrupt processing if it is a non-maskable or
maskable interrupt requested in the EI state (interrupt enable/disable flag (IFF bit of
the F register) =“1").

However, a maskable interrupt in the DI state (IFF =“0"} is ignored and not accepted.
(The CPU samples interrupt requests at the fall edge of CLK signal of the last bus cycle
of each instruction.)

When an interrupt is accepted, the CPU first reads the interrupt vector from the
built-in interrupt controller to find out the source of the interrupt request.

Then, the CPU checks if the request should be processed in the general-purpose
interrupt processing mode or micro DMA processing mode, and proceeds to the
appropriate process.

The interrupt vector is read in an internal operation cycle, so the bus cycle results in
dummy cycles.
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3.3.1 General purpose Interrupt Processing

Figure 3.3 (2) shows the flow of general-purpose interrupt processing.

The CPU first saves the contents of program counter PC and register AF (including
the interrupt enable/disable flag just before the interrupt is issued) into the stack and
resets the interrupt enable/disable flag IFF to “0” (interrupt disable). Finally, it
transfers the contents “V” of interrupt vector to the program counter and jumps to the
interrupt processing program.

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

(_ General purpose j
interrupt processing

\
{(SP - 1) « PCH
(SP-2) «PCL
(SP-3) A
(SP ~ 4) «F (including IFF) 20 states
SPe«5SP-4 4ps  (@10MHz)
IFF <0 > 312us (@12.5MHz)
2.4u5 (@16MHz)
PC « V
g

Interrupt processing
program

RETI instruction
F  «(5P)
A «(SP+1)
PCL «(SP +2)
PCHe (SP +3)
SP «SP+4

( end j

Figure 3.3(2) General Purpose Interrupt Processing

310189

The interrupt processing program ends with RETI instruction for both non-maskable
and maskable interrupts.

When this instruction is executed, the contents of the program counter PC and
register AF will be restored from the stack (returns to the interrupt enable/disable flag
just before the interrupt was issued).

MCUS0-517




.,-,“1‘

TOSHIBA (UC/UP) 54£ D W 9097249 0021093 078 -'TOSB

TOSHIBA TMP90C844

When the CPU reads an interrupt vector, the interrupt request source acknowledges
that the CPT accepts the request, and then clears the request.

Non-maskable interrupts cannot be disabled by program. Maskable interrupts,
however, can be enabled or disabled by programming. An interrupt enable/disable flip-
flop (IFF) is provided on the bit 5 of the F register in the CPU.

Interrupts are enabled by setting IFF to “1” with the EI instruction and disabled by
resetting IFF to “0” with the DI instruction. IFF is reset to “0” by reset operation or the
acceptance of any interrupt (including non-maskable interrupts).

Interrupts enabled with the EI instruction become effective when the instruction
after the EI is executed.

Table 3.3 (1) shows the interrupt sources.

Table 3.3(1) Interrupt Sources

_ Start address | Start address
Priority Type Interrupt source Vector | Vector ogﬁﬁggggi' °for|ﬂg°
order value/8| value | jnterrupt processing
processing parameter

1 Non- SWA instruction 08H 0003H —
2 {maskable |INTWD (watchdog) ‘1 tOH 0010H —_
3 {INTO (External input 0) 03H | 18H 0018H FF18H
4 {INTTO {Timer 0) 04H | 20H 0020H FF20H
5 INTT1 (Timer 1) 05H | 28H 0028H FF28H
6 INTT2 (Timer 2) 06H | 30H 0030H FF30H
6 INTAD (A/D conversion end) 06H | 30H 0030H FF30H
7 Maskable }INTT3 (Timer 3) 07H | 38H 0038H FF38H
3 INTT4 (Timer 4) 08H | 40H 0040H FF40H
9 INT1 (External input 1) 09H | 48H 0048H FFA8H
10 | INTTS (Timer 5) 0AH | 50H 0050H FF50H
1 INT2 (External input 2) OBH | 58H 0058H FF58H
12 INTRX (Serial receiving end) OCH | 60H 006CH FF6OH
13 INTTX (Serial transmission end) ODH | 68H 0068H FF68H
14 | INTFL (Slave buffer full) OEH | 70H 0070H FF70H
15 INTEP (Slave buffer empty) OFH | 78H 0078H FF78H

Note: Either INTT2 or INTAD interrupt is selected by the A/D interrupt selection register

INTEH<ADIS>.
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The “priority order” in the table 3.3 (1) indicates the order of the interrupt sources to
be aéknowledged by the CPU when two or more interrupts are requested at one time.

If interrupt requests of 4th and 5th orders are generated at the same time, for
example, an interrupt of the “5th” priority is acknowledged after the “4th” priority
interrupt processing has been completed by a RETI instruction. However, the “5th”
priority interrupt can be acknowledged immediately by executing an EI instruction in a
program that processes the “4th” priority interrupt.

The built-in interrupt controller only determines the priority of interrupt sources
which are to be accepted by the CPU when two or more interrupts are requested at a
time.

It is, therefore, unable to compare the priority of interrupt being executed with the
one being requested.

To enable other interrupt while an interrupt is being processed, set an interrupt
enable/disable flag for the interrupt source to be enabled and execute EI instruction.

3.3.2 Micro DMA Processing

Figure 3.3 (3) shows the flowchart of micro DMA processing. The CPU first loads
parameters (addresses of source and destination, and transfer mode) necessary for the
data transfer between memories from an address modified by an interrupt vector value.
After the data transfer between the memories according to these parameters, the
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 transfers become “0”, the CPU proceeds to the general-
purpose interrupt handling described in the previous section.
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( Micro DMA processing )

Loading of parameters
DST « (FFOOH+V+1)W
SRC & (FFOOH+V+3)W
CMD « (FFOOH +V +5)

Data transfer between memories
(DST) ¢ (SRC)
DST & DST + 0/1/2
SRC « SRC % 0/1/2

Saving of updated parameters

(FFOOH +V + 3} W «SRC
(FFOOH +V + 1) W« DST L.
I DSsT : Destination
SRC 1 Source
Decrement of No. of transfers CMD : Command (Transfer mode)
COUNT « (FFOOH +V) .
COUNT < COUNT - 1 COUNT : Count(Number of transfers)
{FFOOH + V) « COUNT
YES
COUNT =0 |
. General ose
NO |nterrupt essmg
End

310189

Figure 3.3(3) Micro DMA Prqcessing Flowchart

Since most interrupt processing involves only simple data transfers, the micro DMA
processing executes such processing only by hardware. Accordingly, the micro DMA
processing can handle the interrupt in a higher speed than the conventional processing
using software. Naturally, the CPU registers are not affected by the micro DMA processing.

Figure 3.3 (4) shows the functions of the parameters used in the micro DMA processing.
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FFOOH +V +0: | Number of transfers | ] 1~ 256
FFOOH +V+1: | Destination address (Lower) | T
0~ 64K
FFOOH +V +2: | Destination address (Upper) I
FFOOH +V +3 : | Source address (Lower) I i
. 0 ~ 64K
FFOOH +V +4: | Source address (Upper) l
6 5 4 3 2 1 0
FFOOH +V +5: I Xy X 4 X ; X 4 X | | | J {Transmission mode)
0 0 = Fix current destination /
source addresses
0 1 = Incrementdestination
address
1 0 = Incrementsource
address
1 1 = Decrementsource
\ address
1-byte transfer

o
I u

2-byte transfer

(Note) z: Don’t care 310189

Figure 3.3 (4) Parameters for Micro DMA Processing

Parameters for micro DMA processing are located in the internal RAM area (see Table -
3.3 (1) Interrupt Sources). The start address of each parameter for micro DMA processing
becomes “FFO0H +interrupt vector value”, 6 bytes of which are used as the parameter, .
When micro DMA processing mode is not used, the area can be freely used as user memory.
The parameters consist of the number of transfers, destination address, source address,
and transfer mode. The number of transfers specifies the number of data transfers accepted
by micro DMA processing. A single time micro DMA processing transfers 1-byte or 2-byte
data. The number of transfers is 256 when the number of transfers value is “00H”. Both the
destination and source addresses are specified by 2-byte data. The address space available
for the micro DMA processing ranges 0000H~FFFFH.
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Bits 0 and 1 of the transfer mode indicate the mode updating the source and/or
destination, and the bit 2 indicates the data length (one byte or two bytes).

Table 3.3 (2) shows the relation between transfer modes and the incremented or
decremented values of the destination/source addresses.

Table 3.3(2) Addresses Updated by Micro DMA Processing

Transfer . Destination| Source
mode Function address address
000 1-byte transfer: Fix the current destination/ o ' 0
source addresses

001 1-byte transter: Increment the destination +1 0
address

010 1-byte transfer: Increment the source address 0 +1

011 2-byte transfer: Decrement the source address 0 -1

100 2-byte transfer: Fix the current 0 0
destination/source addresses

101 2-byte transfer: Increment the destination +2 0
address

110 2-byte transfer: Increment the source address 0 +2

11 2-byte transfer: Decrement the source address 0 -2

021280

In the 2-byte transfer mode, data are transferred as follows:

(Destination address) < (Source address)
(Destination address + 1) «  (Source address + 1)

Similar data transfers are made in the modes that “decrement the source address”
and addresses are updated as shown in the table 3.3 (2).

Address updating in micro DMA processing is designed considering the /O transfer
from/to memory. Therefore, at least either destination or source address is fixed.

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 (Assume 1 frame = 1 byte for this example) and
saving them into the memory addresses FFOOH~FF06H.

MCU3%0-522




 FOSHIBA (UC/UP)
TOSHIBA

S4E D NN 9097249 0021098 bLST EMTOS3

TMPS0C844

CALL  SIOINIT ;
SET 3, (OFFF4H) ;
SET 3, (OFFF6H) ;

LD (OFFBOH), 7 ;
LW (OFF61H),0FFOOH
LDW (OFF63H),0FFEBH

LD (OFF65H), 1 ;
EI
ORG 0060H

Initial setting for serial receiving.

Enable an interrupt for serial data receiving.

Set the micro DMA processing mode for serial receiving
interrupt.

Set the number of transfers = 7.

Set FFOOH for the destination start address.

Set FFEBH for the source (serial receiving buffer) address.
Set the transfer mode (1-byte transfer; increment
destination address).

interrupt processing program after serial data receiving

RETI

060890

Figure 3.3(5) Example of Micro DMA Processing

For the bus operation in the general-purpose interrupt processing and micro DMA
processing, see “Table 1.4 (2) Bus Operation for Executing Instructions” in the previous

section “TLCS-90 CPU”.

Execution time for micro DMA processing (when decremented number of transfers is
not zero) is 46 states (5.75 us at 16 MHz oscillation), regardless of whether 1-byte or 2-

byte transfer mode is used.

Figure 3.3 (6) shows the flowchart of overall interrupt processing.
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(lnterru pt processinga

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

Micro DMA YES

rocessinW
NO ]

Data transfer by

-— micro DMA
General- PUSH PC |
purpose PUSH AF COUNT « COUNT -1 Micro DMA
interrupt IFE « 0 processing

processing
I
PCeV YES COUNT =0 :
B ‘-\~\~\\_-\\“‘ <5 ]

7

Interrupt processing
program

i

RETI instruction

POP AF
POP PC

C End )

310189

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

Figure 3.3 (8) shows the block diagram of interrupt circuit. The left half of this
diagram shows the interrupt controller, and the right half includes the CPU’s interrupt
request signal circuit and the HALT release signal circuit.

The interrupt controller has an interrupt request flip-flop, interrupt enable/disable
flag, and micro DMA enable/disable flag for each interrupt channel (total; 15 channels).
The interrupt request flip-flop latches an interrupt request when it is issued from the
peripheral devices. This flip-flop is reset to “0” when reset operation or interrupt is
accepted by the CPU and the vector of that interrupt channel is read by the CPU, or
when the CPU executes an instruction that clears the interrupt request for the specified
channel (write “vector divided by 8” into the memory address FFEAH). For example,
when executing

LD (0OFFEAH), 38H/8

the interrupt request flip-flop of interrupt channel “INTTS3” whose vector value is
38H will be reset to “0”. (Write to FFEAH even when clearing the interrupt request flag
that is assigned to FFEBH.)

The status of an interrupt request flip-flop can be known by reading the memory
address FFEAH or FFEBH. “0” denotes there is no interrupt request, and “1” denotes
that an interrupt is requested. Figure 3.3 (7) shows the bit configuration of the interrupt
request flip-flops.
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7 i 6 | s : a i 3 i 2 i 1 i @
bitSymbol | IRFT4 | IRF1 : IRFTS : |IRF2 : IRFRX [ IRFTX : IRFFUL : IRFEMP
IRFL Read/Write R (Write is possible only for IRF clear code.)
(FFEAH) : : : : : :
After reset o ¢ o { o0 : O { 0 { 0 i 0 : 0
Function 1: Interrupt is currently requested. (IRF is cleared by writing IRF clear code.)

E INTEP request flag

L INTFL requestflag
L INTTX request flag

- INTRX request flag
» INT2 request flag
INTTS request flag
—» INT1 request flag
= INTT4 request flag

0 : Nointerrupt request
1 : Interrupt request

7 i 6 i 5 a4 i 3 i o2 i 1 i 0

RFH bitSymbol | EXT IRFO : IRFTO : IRFT1 i IRFT2 i IRFT3
ReadWrite| W | : R
(FFEBH) : 5 : : T :
After reset 0 H 0 0 0 0 0
. P1 control; Interrupt Request Fiag
Function 10:/O port : 1: Interrupt is currently requested.
1:Address:

— - M
Explained in
INTT3 request flag

3.5.2"Port1”
— INTT2/INTAD
request flag

—— INTT1 request flag

L INTTO request flag

INTO requestflag

Note: When “vector value/8” is written in memory address FFEAH, the specified interrupt request
flag will be cleared. ' '

Figure 3.3(7) Interrupt Request Flip-flops
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The interrupt enable/disable flags provided for all interrupt request channels are
assigned to the memory address FFF4H or FFF5H. Interrupts for a channel are enabled
by setting the flag to “1”. The flags are cleared to “0” by resetting.

The micro DMA enable/disable flag also provided for each interrupt request channel
is assigned to the memory address FFF6H or FFF7H. The interrupt processing for each
channel is placed in the micro DMA processing mode by setting this flag to “1”. This flag
is cleared to “0” (general-purpose interrupt processing mode) by resetting.

Figure 3.3 (9) shows the bit configurations for interrupt enable/disable flag and micro
DMA enable/disable flag.

Interrupt by timer 2 (INTT2) and that by A/D converter (INTAD) use a common
interrupt request channel. Immediately after resetting, INTT2 is input in the interrupt
controller. To use INTAD, set “INTT2/INTAD selection bit” (ADIS: bit 5 of memory
address FFF5H) to “1”.

External interrupt features are as follows.

Common
Interrupt or:in ° . Mode Setting
; : Level INTEH<EDGE> =0
INTO P45
£ Rise edge INTEH<EDGE> =1
f Rise edge TAMOD<CAPM1,0>=0,00r0,10r 1,1
INT1 P46
T\_ Falledge TAMOD <CAPM1,0>=1,0
INT2 P47 _f_ Rise edge

For the pulse width for external interrupt, refer to “4.7 Interrupt Operation”.

Be careful that the following five are exceptional circuits.
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INTO level mode As the INTO is not edge type interrupt, the interrupt request

flip-flop function is canceled, and thus an interrupt request
from peripheral devices passes through $ input of the flip-flop
to become Q output. When the mode is changed over (from
edge type to level type), the previous interrupt request flag
will be cleared automatically.

When the mode is changed from level to edge, the interrupt
request flag set in the level mode is not cleared. Thus, use the
following sequence to clear the interrupt request flag.

Dl
SET 6, (OFFF5H) : Switch the mode from level to
edge
LD (OFFEAH),03H : Clearinterrupt request flag
El
INTAD The interrupt request flip-flop can be cleared only by reset

operation or reading the register that stores the A/D
conversion value, and cannot be cleared by instruction. When
the interrupt source is changed (from INTAD to INTT2), the
previous interrupt request flag is cleared automatically.

INTRX The interrupt request flip-flop is cleared only by reset
operation or reading the serial channel receiving buffer, and
cannot be cleared by an instruction.

INTFL The interrupt request flip-flop is cleared only by reset
‘ operation or reading the slave bus input data buffer, and
cannot be cleared by an instruction.

INTEP The interrupt request flip-flop is cleared only by reset
operation ot writing the slave bus output data buffer, and
cannot be cleared by an instruction.
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7 i e | s i a4 i 3 i 2 i 1 i 0
INTEL bitsymbol | IET4 { IE1 | IETS i IE2 : IERX i IETX  IEFL } IEEP
i RAW
(FFFaH) [oadivmte : : : : : : :
After reset 0 0 0 0o i 0 i 0 0 0
Function 1: Enable . 0:Disable
|

I—» INTEP interrupt enable/disable flag

L—» INTFL interrupt enable/disable flag

L INTTX interrupt enable/disable flag

L INTRX interrupt enable/disable flag

L INT2 interrupt enable/disable flag

» INTTS interrupt enable/disable flag

INT1 interrupt enable/disable flag

» INTT4 interrupt enablerdisable flag

7 {6 i 5 i a4 i 3 i 2 i 1 i 0
INTEH bit Symbol { EDGE : ADIS i IE0O : IETO : ET1 i IET2 i IET3
(FFFSH) |t LT MW ; : : -
After reset i 0 0 0 i 0 i 0 0 : .0
{INTO  (0:INTT2 |
Function i0: Level 1:INTAD i 1: Enable 0: Disabte
{11 EDGE
—_— ] |

L> INTT3 interrupt enable/disable flag
> INTT2/INTAD enable/disable flag

—— INTT1 interrupt enable/disable flag
L———» [NTTO interrupt enable/disable flag

\——— |NTO interrupt enable/disable flag
———— INTT2/INTAD selection

0] INTT2

» INTO control

01! "H" level detection interrupt

Rise edge detection interrupt

Figure 3.3 (2) Interrupt Enable/Disable Flags
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7 6 s 14 f o3 foo2 o1 i oo
. bitSymbol | DET4 DEt DETS ! DE2 | DERX | DETX { DEFL  DEEP
DMAEL Read/Write RW
(FFFGH) H H H H H
After reset 0 o ¢ o0 i ©o i o0 0 i 9 i 0
Function 1: Enable 0: Disable
— |
‘—»INTEP DMA, enable/disable flag
L——»INTFL DMA enable/disable flag
————INTTX DMA enable/disable flag
L INTRX DMA enable/disable flag
INT2 DMA enable/disable flag
INTTS DMA enable/disable flag
INT1 DMA enable/disable flag
INTT4 DMA enable/disable flag
7 6 s i o4 i o3 i o2 i 1 i o0
DMAEH bit Symbol ! DEO | DETO i DETI | DET2 : DET3
Read/Writ, RFW
(FFF7H) |—m— : : , ;
After reset 0 0 0 0 0
Function 1: Enable 0: Disable
—

|~> INTT3 DMA enable/disable flag
> INTT2 DMA enable/disable flag
L— 3 [NTT1 DMA enable/disable flag
L INTTO DMA enable/disable flag
INTO DMA enable/disable flag

Figure 3.3 (10) Micro DMA Enable/Disable Flag

MCU90-531




| TOSHIBA (UC/UP) S4E D EE 9097249 0021307 492 WETOS3,

TOSHIBA TMP90C844

3.4 Standby Function

When a HALT instruction is executed, TMP90C844 enters the RUN, IDLE1, or STOP
mode according to the contents of the halt mode setting register. The features are as

follows:

(1) RUN : Onlythe CPU halts, and the power consumption remains unchanged.

(2) IDLE1 : Only the internal oscillator operates, while all other internal circuits
halt. Power consumption is 1/10 or less than that during normal
operation.

(3) STOP : All internal circuits halt, including the internal oscillator. Power
consumption is extremely reduced.

The HALT mode setting register WDMOD <HALTM1,0>> is assigned to bits 2 and 3
of memory address FFD2H in the built-in I/O register area (all other bits are used to
control other block functions). The RUN mode (“00”) is entered by resetting.

These HALT states can be released by requesting an interrupt or resetting. Table 3.4
(2) shows how to release the HHALT state. If the CPU is in the EI state for non-maskable
or maskable interrupt, the interrupt will be acknowledged by the CPU and the CPU
starts interrupt processing. If the CPU is in the DI state for maskable interrupt, the
CPU restarts execution from the instruction following HALT instruction, but the
interrupt request flag remains at “1”.

7 i 6 | s 4 3 12 1 0
bitSymbol | WDTE | WDTP1 | WDTPO | WARM | HALTM1 i HALTMO EXF DRIVE
\?LEDMZ?-I? Read/Write | RW RIW RIW RIW R RAW
) After reset 1 i 0 i 0 0 o i 0 Undefined 0
‘00 - 2 i : - Bri
1:WDT 500 12'%/f¢ WDT War.mlng Standby mode Undefined 1: Drives
101:2'%/fc uptime | 00:RUN mode [invertseach [thepin
Enable : » Dete- 0: 2%/ ime EXX evenin
Function ‘10.2 Ic Cting . . < 01:STOP mode ;ﬂme ’ ) STOP mode
REET-of) CHNUR LR ®/fc | 10:IDLEY mode [instructionis
: 11: Reserved executed.
I

Explained in 3.11 “Watchdog Timer" ) .
Explained in3.4.2

“STOP mode”

Exchange flag (Explained in

3.1.2 “Register”)
030491

Figure 3.4 (1) HALT Mode Setting Register
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3.4.1 RUN Mode

Figure 3.4 (2) shows the timing for releasing the HALT state by an interrupt during
RUN mode. In the RUN mode, the system clock inside MCU does not stop even after
HALT instruction has been executed; the CPU merely stops executing instructions.
Accordingly, the CPU repeats dummy cycle until HALT state is released. In the HALT
state, interrupt requests are sampled at the fall edge of CLK signal.

NV AW W W AW AW W WalW AW oW el W el 5|

f—
| f |/ |/ \
. (o
A8~15 W Next ) Next + 1
- )]
ALE _j L L " \
AP0~ -1 iy 4~ @D~ 2D 1 = - = - = <@ - G~ |-
WR =)
INTO
(Level) ‘;‘; l
INTO, 1,2 A
(Rise edge) r’()
INT1 Y
(Fall edge)
internal INT - I

. . . interrupt response
HALT instruction execution sequence sequence

Figure 3.4 (2) HALT Release Timing Using Interrupts in RUN mode
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3.4.2 IDLE1 Mode

Figure 3.4 (3) shows the timing for releasing the HALT mode by interrupts in the
IDLE1 mode.

In the IDLE1 mode, only the internal oscillator operates, the system clock inside
MCU stops and CLK signal is fixed to “1”.

In the HALT state, interrupt requests are sampled asynchronously with the system
clock, whereas the HALT release (restart of operation) is performed synchronously with

it.
SV aVavaVaVaVavuWalWalaWawawawa
({4
ax | T AL W
A8~15 :x Next :j:j Next +1
ALE _r "
a00~7 L o} 1 {2y - @D~ -~ ==~ - -4 - ED - D1 -
RO Y, e \ I
WR )
INTO
{Level) N g
INTO
(Rise edge) ',', ﬂ
HALT instruction execution sequence 's’;;elf;‘,“ﬂ';res‘”"‘e

310189

Figure 3.4 (3) HALT Release Timing Using Interrupts in IDLE1 mode.
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3.4.3 STOP Mode

Figure 3.4 (4) shows the timing of HALT release caused by interrupts in STOP mode.

In the STOP mode, all internal circuits stop, including internal oscillator. When the
STOP mode is activated, all pins except special ones are put in the high-impedance
state, isolated from the internal operation of MCU. Table 3.4 (1) shows the state of each
pin in the STOP mode. However, if WDMOD <DRVE> (drive enable: bit 0 of memory
address FFD2H) of the built-in I/O register is set to “1”, the pre-halt state of the pins can
be retained. The register is cleared to “0” by reset operation.

When the CPU accepts an interrupt request, the internal oscillator first restarts.
However, to get the stabilized oscillation, the system clock starts its output after the
time set by the warming up counter has passed. WDMOD <WARM > (warming up: bit
4 at memory address FFD2H) is used to set the warming up time. Warming up is
executed for 214 clock oscillation time when this bit is set to “0”, while 218 clock
oscillation time when set to “1”. This bit is cleared to “0” by reset operation.

Warming up time

AW R W AW RW R W } (WAWAWAWRW AW B
ax | f \ [T--4-1"\ / \

A8~15 _L Next )———-5‘,-—-(;’:’ Next +1

= )]
e i -

ADO~7 - o) 1 (o) = o= — = = 4 4 — = - - (D - - -
"D \ / e \ 1
WR s oo &

{{
INTO I '

(Level) ) i
INTO T

(Rise ), |
edge) . . . Interrupt response

HALT instruction execution sequence sequence

310189

Figure 3.4 (4) HALT Release Timing Using Interrupts in STOP Mode
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The internal oscillator can also be restarted by inputting the RESET signal “0” to the
CPU. '

However, the warming up counter remains inactive in order to make the CPU rapidly
operate when the power is turned on. Accordingly, wrong operation may occur due to
unstable clocks immediatély after the internal oscillator has restarted. To release the
HALT state by resetting in the STOP mode, RESET signal must be kept at “0” for a

sufficient period of time.

Table 3.4 (1) State of Pins in STOP Mode

Pin name (e DRVE=0|DRVE=1
N Input mode e  —
POO~PO7 Output mode —— | Output
- Input mode E —_—
P10~P17 Output mode N Output
- Input mode —_ Input
P20~P27 Output mode —_ Output
- Input mode _— Input
P30~P37 Output mode e Output
- Input mode —_— Input
P40~P44 Qutput mode —— Output
Input mode
P45 (INTO) Output mode
Input mode
P46, P47 Output mode
P50~P53 Input pin — e
P56, P57 Output pin e Output
- Input mode —_— _
P60~P63 Output mode Qutput | Output
- Input mode _ —_—
P70~P73 Output mode Output | Output
CLK Output pin
RESET Input pin
ALE Output pin
EA Input pin
X1 Input pin
X2 Cutput pin " “1”

* :  When in zero cross detect mode, intermediate bias is still applied to this pin.
. Indicates that input mode/input pin cannot be used for input and that the output
mode/output pin have been set to high impedance.
: Inputis enabled.
Input : The input gate is operating. Fix the input voltage at “0” or “1” to prevent input pin
floating.
Output : Outputstatus
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Table 3.4 (2) I/O Operation and Release in HALT Mode

HALT mode RUN iDLE1 STOP
WDMOD <HALTM1,0> 00 10 01
O | cpPU Halt
? O port Retains the state when HALT 500 Table 3.4 (1)
a | 8-bittimer |
'ic 16-bit timer
; Stepping motor controller |
b Serial interface !
| A/D converter |
2 Watchdog timer |
k Interrupt controller
INTWD O — -
: | INTO O O O
L INTT? O — -
Tln INTT2 O - —
e | t [ wTaD O — —
é e | INTT3 O — —
a INTT4 O — —
H © [Nt O — -
g | " INTTS O — —
. u INT2 O — -
3 p | INTRX O - —
|, [LINTTX O - —_
; INTFL O — —
INTEP O — _
Reset O O O

(O :  Canbe used for HALT release
— : Cannot be used for HALT release
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3.5 Function of Ports

 TMP90C844 has a total of 54 /O port pins. These port pins function not only as the
general-purpose 1/O ports but also as the I/O ports for the internal CPU and built-in I/O.
Table 3.5 shows the functions of these port pins.

Table 3.5 Function of Ports

. No.of | . . Direction | Pin name for internal

Portname | Pinname pins Direction setting unit function
Port0 P0OO~PO7 8 170 Bit ADO~AD7
Port 1 P10~P17 8 ifO Bit A8~A15
Port2 P20~P27 8 o Bit SBO~SB7 (P27: WAIT)
Port 3 P30 1 110 Bit SWR

P31 1 SKD

P32 1 5CS

P33 1 c/D

P34 : 1 STA

P35 1 RxD

P36 1 SCLK

P37 1 TxD
Port4 P40 1 170 Bit TO1

P41 1 TO3

P42 1 TO4

P43 1 TO5

P44 1 TIO

P45 1 INTO/TI2

P46 1 INT1/TI4

P47 1 INT2/Tt5
Port5 P50~P53 4 Input — ANO~AN3

P56 1 Qutput — RD

P57 1 Output - WR
Port 6 P60~P63 o Bit MOo0~MO03
Port? P70~P73 Tle} Bit M10-~M13

These port pins function as the general-purpose /O ports by resetting. The port pins,
for which input or output is programmably selectable, function as input ports by
resetting. A separate program is required to use them for an internal function.
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3.5.1 Port 0 (PO0O~PQ7)

Port 0 is the 8-bit general-purpose I/0 port PO, each bit of which can be set
independently for input or output. The control register POCR is used to set input or
output. Reset operations clear all output latch and control register bits to “0” and set
port 0 to the input mode. In addition to the general-purpose I/O port function, port 0 also
functions as an address/data bus (ADO~AD7). When external memory is accessed, port
0 automatically functions as the address/data bus.

( Internal address bus (A0~A7)} (

,_G:Reset
P~

Direction
Control
(bitwise)

"
4 External access
Write POCR

u

B

— External access (address output)
External access (data write)

s

<
72
[

Port0
Y POO~PO7
{ADO~AD7)

> e
Selector}s

Dat a

Selector

Output
Latch

4

Write PO

l//
Output buffer

<} % Selector ‘

[T ;

e

L a5
Y
Read PO A~

- f

External access (data read)

Ilnternal

Figure 3.5(1) Port 0 (P00~PQ7)
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Port 0 register
7 {6 { 5 i a P 3 i 2 i 1 i 0
PO bitSymbol | P07 : PO6 : P05 i P04 i P03 i PO2 i POl i POO
(FFCOH) Read/Write RIW
After reset Input mode (output latch register becomes indeterminate)

Port 0 control register

POCR 7 i 6 i s 1 o4 i o3 i 2 { 11 0
(FFCiH) |Ditsymbol | po7c | Po6C | POSC | Posc | POSC | PO2C P POIC : POOC
Read, modify,| Read/Write w
write are not | After reset 0
possible. Function 0: IN__1: OUT (Select /O on bit basis)
I 1

— Port 0 1/0 setting
0 Input

Figure 3.5 (2) Registefs for Port0
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3.5.2 Port 1 (P10~P17)

Port 1 is the 8-bit general-purpose I/O port P1, each bit of which can be set to input or
output. The port 1 control register P1CR is used to set input or output. Reset operations
clear all output latch and control register bits to “0” and sets all port 1 bits to the input
mode.

In addition to the general-purpose I/O port function, port 1 also functions as an
address bus (A8~A15). This is specified by setting the external extended specification
register IRFL<EXT> to “1” and setting P1CR to the output mode. When the P1CR
value is “0,” port 1 is set to the input mode, regardless of the external extended
specification register value.

(Internal address bus (A8~A15) (

Reset
' P1FR<EXT>
[~ Direction
Control
(bitwise)

A
e Write P1CR
3
o
© ys
- B|o Port 1
© % >+ |y N P10~P17
a Output Al o L (A8~A15)

Latch il Output buffer
v

) |
- Write P :
© |
c |
[ - <} |
o |
+ | 1
i = '
_ |

Read Pt

Figure 3.5(3) Port 1(P10~P17)
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Port 1 register
7 i 6 i s i a4 i 3 i 2.1 1 i 0
P1 bitsymbol | P17 : P16 i PI5 i P14 i P13 : P12 i PIl_: P10
(FFC2H) Read/Write R/W
After reset Input mode

Port 1 control register

7 i 6 { s i 4 {3 i 2 i 1 i o0

P1CR bitSymbol | P17C i P16C | PISC ; P14C i P13C_i P12C [ P1IC i P10C
(FFC3H) Read/Write W

After reset o { o : o : 0@ { o0 i o0 i @0 i o

Function 0:{N  1: OUT (input or output can be specified for each bit)
I | I | [ [ [ [

— Port 11/0 setting

0 Input
1 Qutput
7 ¢ 6 i s i a4 i 3 i 2 i 1 i 0
IRFL bitSymbol | EXT i : i JRFO i IRFTO : IRFT1 : IRFT2 [ IRFT3
(FFEBH) [ Readnwrite Wi R
After reset 0 o 0 o0 0 I
P1 control i H
H l t R
Function |0:I/O Port; : ; nterrupt Request Flag
1:Address! i 1! Interrupt requested

Explained under interrupt controller.
Port 1 general-purpose

port/address bus settings
0 | General-purpose port
Address bus
P1CR and IRFL <EXT > settings
IRFL
PICR EXT> 0 1
<PIXC>
] Input port Input port
1 Output port | Address bus

Note: Each bit can be set indegendently.
P1CR <P1XC> isthe X bit of P1CR.

Figure 3.5 (4) Registers for Port 1
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3.5.3 Port 2 (P20~P27)

Port 2 is the 8-bit general-purpose I/O port P2, each bit of which can be set for input or
output. The port 2 control register P2CR is used to set input or output. Reset operations
clear all control register bits to “0” and set port 2 to the input mode. (Reset operations
clear output latches P20~P24 and P27 to “0” and set P25 and P26 to “1.”

In addition to its general-purpose I/O port function, port 2 also has a slave bus
(SB0~SB7) function. This function is specified by setting the slave function
specification register P23FR<SLAVE > to “1.”

When external memory is accessed, P27 automatically functions as the WAIT pin.

Reset
] —t
Direction
Control
w
5 }
@ Write P2CR
©
- i
® Output Port 2
e Latch L (P20~P27)
= ]
c Write P2 -
o
+ 1
- =
<1
g L |

Read P2

Figure 3.5 (5) Port 2 (P20~P27)
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Port 2 register
7 | e i 5 i a4 i 3 I 2 i 1 i 0
P2 bitsymbol | P27 . P26 | P25 i P24 i P23 i P22 P21 i P20
(FFC4H) Read/Write RAW
After reset ‘ Input mode

Port 2 control register

7 ¢ e { 5 i 4 : 3 i 2 o1 b o
P2CR bitSymbol | P27C | P26C i P25C i P24C_: P23C P22C ¢ P21C i P20C
(FFC5H)  { Read/write w
After reset o i o i 0 i o P 0 i 0 i 0 i ©
Function 0:IN  1: OUT (Select I/Q on bit basis)
| I I I I I | |
I Setting Port 2 110
0 Input
Ports 2 and 3 function register ! Output
7 i 6 i 5 | a 3 2 i 1 i o
P23FR | bitsymbol | 00 i TxXDC | SCiKC i RWS | SLAVE |rixedtoo"iFixedto 0" Fixedto 0"
(FFCEH) Read/Write RAW
After reset o { o { o0 i 0 0 o i 0o i 0
P37 P37 :P36 'P30,31 [Slave FNC ; :

0: CMOS :control :control :control J1:P2=Bus
Function [1:Open :0:Port :0:Port :0: WR,RDJP30~P34
Drain :1:TxD  i1:SCLK i1: DS, AWl =CTL

! output: output

L> Setting slave bus function
0 |P20~P27, P30~P34:
General-purpose ports
1 | P20~P27: Slave bus

Explained in “3.5.4 Port3.”

Ports 2 and 5 function register P30~P34: Slave control
7 i e i 5 i 4 i 3 i 2 i 1 i 0
P25FR | bit Symbol - 1 - i - i - b - i RDE ! WAITCI : WAITCO
(FFDIH) [ peadiwrite : i AW
After reset P 0 : o0 | 0

iRDcontrol: WAIT control
i : : . i1:RDis  : 00: 2 state wait
Function : ! i always : 01: Normal Wait
: : : : i output { 10: Non wait
11 -

I

l |: Wait control

Explained in “3.5.6 Port5.% | 00 | 2-state wait
01 | Normal wait

10 | No wait
11 | Reserved (cannot be used)

Figure 3.5 (6) Registers for Port 2
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3.5.4 Port 3 (P30~P37)

Port 3 is the 8-bit general-purpose I/0 port, each bit of which can be set for input or
output. The control register P3CR is used to set input or output. Port 3 also has the
programmable pull-up function that enable pull-up when the programmable pull-up
function that enable pull-up when the value of output latch is “1”. By reset operations,
all bits of the output latch are set to “1”, while all bits of control register are reset to “0”,
and port 3 is placed in the input mode with pull-up function.

In addition to the general-purpose I/O port function, P30~P34 have an input/output
function for the slave bus function, and P35~P37 have an internal serial interface
input/output function. This is specified by function register P23FR. All bits of the
function register are cleared to “0” by resetting, and the port turns to general-purpose

I/0 port mode.
Reset
[~ ﬂ
- Direction Vee
- Control
= } g
© Write P3CR —]
« 1 Set
e Out; t ) [~
u
- Latch L D Port 3
© (P30~P37)
c }
. Write P3
@
+~ 1
; @
- g
Read P3

Figure3.5(7) Port3
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Port 3 register
7 6 . 5 : 4 | 3 i 2 i 1 i o
P3 bitSymbol | P37 P36 : P35 | P34 . P33 | P32 i P3N P30
(FFCBH) | pead/write RAW
After rgset Input mode
Port 3 controi register
7 6 : 5 ; 4 i 3 i 2 {1 i 0
P3CR bit Symbol | P37C P36C P35C PI4C P33C P32¢ P31C P30C
(FFC7H) Read/Write W
After reset 0 0 i o i o0 i o 0 : o0 i o0
Function 0:1IN__ 1: OUT {Select O on bit basis)
| [ | | | I | |
‘ I = Select Port 31/0
0 Input
Ports 2 and 3 function register ! Output
7 6 { s [ a i 3 i 2 i 1 i o
P23FR | bitsymbol | ODE | TXDC : SCLKC i RWS : SLAVE : Fixedto®" Fixed 100"} Fixed to 0"
(FFCEH) | peagrwrite RAW
After reset o : o : o i o { o { o { © : O
oITMOS ool ool o031 SlaverNC -
Function 1 Open 0 Port 0 Port ;control__;1:l’2= Bus;
Drain i1:TxD  {1:SCLK 0 WR, RE§P3°“P34 !
output! output:1: DS, RW: =CTL : : :
L»Settim slave bus function
0 |P30~P34, P20~P27: General-
purpose ports

1 | P30~P34: Slave control
P20~-P27: Slave bus

L———» Setting P30, P31 as slave control pin
0 |P30:RD, P31: WR
1 |P30: DS, P31: RW

—> Setting P36 as SCLK output
0 |Portoutput
1 | SCLK output

Setting P37 as TxD output
0 [Portoutput
1 |TxD output

Setting P37 as open drain output
0 | CMOS output
1 |Open drain output

Figure 3.5 (8) Registers forPort 3
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3.5.5 Port 4 (P40~P47)

Port 4 is an 8-bit general-purpose I/O port, each bit of which can be set for input or
output port. The control register is used to set for input or output. Port 4 has the
programmable pull-up function that enables pull-up when the value of output latch is
“1”. By reset operation, all bits of the output register are set to “1”, all bits of the control
register are reset to “0”, port 4 is placed in the input mode with pull-up function.

In addition to the general-purpose I/O port function, these ports function as interrupt
request input, clock input for timer or event counter, or timer output.

(1) P40~P43

When specified by port 4 function register PAFR<TO1S to TO5S>, these ports
become the timer output.

Reset

—
irec-

Bihe) Vec

Wl‘itTe PACR —fg

[ Vsetting)

Output

Latch ™1 Selector . Nl)——l:l PA0~P43

) (TO1,3,4,5)
Write P4

Bus

Data

Output Timer

-

Function
Register

f B
Write P4FR

Internal

==
=l
\J \

Read P4

Figure 3.5 (9) Port 4 (P40 ~ P43)
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(2) P44
P44 ig also used as clock input (T10) for 8-bit timer 0.

Reset

4

cP.&'ﬁSi Ve
ontrol ]
Write PACR

kSetting)
T > Jraaao
}

Write P4
-

Bus

Data

Internal

T

Read P4

TIO

Figure 3.5 (10) Port 4 (P44)
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(3) P45

P45 is also used as clock input (TI2) for 8-bit timer 2 as well as external interrupt

request input (INT0).

Reset

' -
Sl Y
WritTe P4ACR —-I—Er
](Setting)

Bus

Data

wite 4 A%

g

Output ™
P — > ]pas antomz)

Internal

=a:

]

Read P4

T2

Figure 3.5 (11) Port 4 (P45)

Level/edge

Detection _l

INTO Interrupt
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(4) P46 and P47

" These ports are also used as the clock input for 16-bit timer or event counter as well as
external interrupt request input. These ports include zero cross detection circuit and
can be disabled or enabled by setting the port 4 function register PAFR<ZCE1, ZCE2>.

Reset

—

irec: Vce

S8,
i —*

Write PACR

' }(Setting)

OL::FC’;:" ™ PAG/TI4/INT1
§ (PA7/TI5NNT2)

}

Write P4

Bus

Data

R

Function
Register

p

Write PAFR
1

L—r

]

Read P4

Internal

TI4/INT1
(TI5/INT2)

Figure 3.5(12) Port 4 (P46 and P47)
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Port 4 register
7 i 6 i s i a4 i 3 [ 1L o
P4 bitSymbol | P47 | P46 i P45 | Ppas : Pa3  pa2 Pal i Pao
(FFC8H) Read/Write R/W
After reset Input mode
Port 4 control register
7 6 i o5 i a4 i 3 i 2 1 i 0
P4CR bitSymbol | P47C i P46C : PASC [ Pa4C i Paac i p42C P41C | P4OC
(FFCIH) | Read/write w
After reset 0 0 0 0 0 i 0 0 0
Function 0:IN__1: OUT (Select /O on bit basis)
— | I 1 I E—
Select port 4 1/O
1] Input
. ] 1 Cutput
Port 4 function register
7 L6 L5 i a4 i3 i g R
P4FR bit Symbol ZCE2 i ZCE1 ¢ - i - i TOSs ! TOAS i TO3S | TOIS
(FFCFH) Read/Write RIW RIW
After reset 0 i o i i o i o0 i 9 i o
P47 control: P46 control :P43 control} P42 control: P41 controi ; P40 control
Function {1:2CD | 1: ZCD 0: Port : 0: Port i 0: Port : 0: Port
Enable i  Enable : i i1 TOS | 1: TO4 i 1: TO3 ! 1: TOM
—T ] |
L*Setting P40 as the output of timer 1
0 | Port output
I 1 |TO1 output
P46 zero cross enable —>Setting P41 as the output of timer 3
0 |Disable 0 |Portoutput
1 |Enable 1 |TO3 output
——= P47 zero cross enable —>Setting P42 as the output of timer 4
0 |Disable 0 |Portoutput
1 |Enable 1 | TO4 output
———>S5etting P43 as the output of timer 5
0 |Portoutput
1 | TOS output

Figure 3.5 (13) Registers for Port 4
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3.5.6 Port 5 (P50~P53, P56, P57)

Port 5 is a 6-bit general-purpose /O port with fixed I/O function. P50~P53 are input
port, and this port can be use also analog input pins (AN 0~AN3). P56, P57 are output
ports. All bits of the output latch are set to “1” by resetting, and “1” is generated to the
output port.

Access of external memory makes P35 and P57 automatically function as the memory
control pins (RD and WR), and access of an internal memory makes them function as
general-purpose I/O ports. When an external memory is accessed, therefore, the output
latch registers P56 (RD) and P36 (WR) should be kept at “1” which is the initial value
after the reset.

Also function register P25FR<RDE>> is intended for a pseudostatic RAM. When set
to “1”, it always functions an RD pin. Therefore the RD pin outputs “0” (Enable) when it
is an internal memory read and internal I/O read cycle.

pd ’ D Port Sinput

?\I (PS0~P53)
w
2 Read PS5
@
: ADREG AID 4 channel
o Register | | Converter [ An‘aiog
a Multiplexer
- Read

'ADREG Reset
it | S
e —»!| Output Latch {I> ﬂ Port 5 output
c f (P56, P57)
- Output buffer
Write P5
5
Read P5

Figure 3.5(14) Port5
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Port 5 register
7 6 5 i a4 i 3 2 1 0
Ps bit Symbol P57 i P56 _ — P53 P52 { P51 P50
. Read/Writ RW R
(FFCAH) ea rite \
Afterreset 1 : 1 : Input-only
Function Shared by E?fred by; Used also as analog input pins (ANO~AN3)
WRpin :RDpin :
Port 2, 5 function register
7 6 . 5 i 4 i 3 2 1 i o
bit Symbol — — — — — RDE | wAITC1 | WAITCO
P25FR Read/Write R/W
(FFD1H)
After reset 0 0 0
1RD control| WAIT control
1:Always 00: 2 state wait
Function RD 01: Normal wait
output 10: Nonwait
11: —
L I
Explained in 3.5.3 "Port 2*
L Setting P56 fixed to RD
0 | General-purpose output port
1 | Fixed to RD pin

Figure 3.5 (15) Registers for Port 5
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3.5.7 Port 6 (P60~P63)

Port 6 is a 4-bit general-purpose /O port each bit of which can be set for input or
output. The control register P67CR<P63C~P60C > is used for input or output. By
reset operation, this control register is reset to “0”, and port 6 is placed in the input
mode.

This port can be used also as stepping motor control or pattern generation port 0
(M00~MO03). Function register P67TFR <MO0S> specifies whether the port is to be used
as the general-purpose I/O port or stepping motor control/pattern generation port. When
reset, it becomes a general-purpose I/O port.

Reset —w——l
»| Directional
Control
_ | Functional Write P67CR
Controt
Write P67FR
_Shift
- ¥
': Output Latch 4II>.___D Port6
- 1 Output | (P60~P63/MOO~MO3)
- Buffer
© y
o X
Shift Alternate
> L
- Register
o ——
= }
o
= Write P6
[= A\r‘i
-l
N
1
Tsl

Read P&

Figure 3.5 (16) Port 6
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358 Port 7 (P70~P73)

Port 7 is a 4-bit general-purpose I/O port, each bit of which can be set for input or
output. The control register PETCR<P73C~P70C> is used to set for input or output.
When reset, this control register will be cleared to “0”, placing the port 7 in the input
mode.

This port can also be used as a stepping motor control/pattern generation port 1
(M10~M13). The function register PETFR<M18> specifies whether it is to be used as
the general-purpose I/Q port or stepping motor control/pattern generation port. When
reset, it becomes a general-purpose IO port.

Reset _—¢
| Directional
Control
Functional Write P67CR
Control
Write P67FR
Shift
3 Output Latch ll:> I I Port7
f--]

Output (P70~73/M10~M13)
it Buffer
-

L]

o, shift

Alternate Register

1]

- !

L A .

L1

- ‘TJ Write P7

=

_ T—G—
AIJ—CF—i

Read P7

Figure3.5(17) Port?7
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Port 6 register
7 6 5 1 a4 1 o3 i 2 1 1 i 0
o6 bit Symbol | 5A63 SA62 SAG1 i SABD i P63 i P62 i P61 i P60
i : RAW
(FFCBH) Read/Write
After reset Undefined : Input mode
. . Commonly used as stepping motor control
Function Shift Alternate reg.0 ! port 0 as well as pattern generation port 0
1 J
Shift alternate register 0 Portb
Port 7 register
7 6 s i a4 i 3 i o2 i 1 i 0
b7 bitSymbol | sA73 SA72 SA71 i SA70 i P73 i P72 i PT1 i P70
i : RAW
(FFCCH) Read/Write A
After reset Undefined : Input mode
. . iCommonly used as stepping motor control
Function Shift Alternate reg.1 gport 1 as well as pattern generation port 1
] I
Shift alternate register 1 Port7
Ports 6 and 7 control register
7 6 { s i a4 i 3 § 2 { 1 i o
P6TCR bitSymbol | P73C P72¢C P7IC : P70C [ PE3C i P62C I PEIC i PGOC
R i w
(FECDH) [reediWrite : . : , :
After reset 0 0 0 ; 0 i 0 i 0 i 0 0
Function (Select I/0 on bit basis)
[ ] ] ] L 1 1 J
‘:Tellect port 6 1/0
0 Input
1 Output
» Select port 7 1/0
0 Input
1 Output

Figure 3.5(18) Registers for Port 6 and Port 7 (1/2)
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7 i 6 i s 4 3L 2 i 0
PETER bitSymbol | PATI { CCW1 | MIM M1$ PATO { CCWO | MOM MOS
R it RAW
(FFDOH) ead/Write _ _ i '
After reset 0o i 0 i 9 0 I I 0
o:881T (% Miotion § 0:4step | 0:Port | 0:8BIT (% )Mme) ¢ 0:4step | 0:Port
Function | 1:4BIT ;' Rererse © y.gStep | 1:Step | 1:4BIT (" Re¥erse © 4. gStep | 1:Step
WR (For port 7) WR (For port 6)

L Setting the port 6 function

0 | General-purpose port
Stepping motor control/pattern

1 generation port0
J |, Setting the port 7 function
Explained in 3.8 “Stepping Motor 0 |General-purpose port

Control/Pattern Generation Port”. .
Stepping motor control/pattern

! generation port 1

Figure 3.5 (19) Registers for Port 6 and Port 7 (2/2)
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3.6 8-bitTimers

TMP90C844 contains four 8-bit timers (timers 0, 1, 2 and 3), each of which can be
operated independently. The cascade connection allows these timers to be used as 16-bit
timers. The following four operating modes are provided for the 8-bit timers.

The following four operating modes are provided for the 8-bit timers,

* 8-bit interval timer mode (4 timers)

* 16-bit interval timer mode (2 timers)

* 8-bit programmable square wave pulse generation (PPG: variable duty with
variable cycle) output mode (2 timers)

* 8-bit pulse width modulation (PWM: variable duty with constant cycle) output
mode (2 timers)

The upper two can be combined (two 8-bit timers and one 16-bit timer).

Figure 3.6 (1) shows the block diagram of 8-bit timer (timer 0 and timer 1).

Timer 2 and timer 3 have the same circuit configuration as timer 0 and timer 1. Each
interval timer consists of an 8-bit up-counter, 8-bit comparator, and 8-bit timer register.
Besides, one timer flip-flop (TFF1 or TFF3) is provided for each pair of timer 0 and timer
1 as well as timer 2 and timer 3.

Among the input clock sources for the interval timers, the internal clocks of ¢T1,
¢T4, 4T16, and ¢ T256 are obtained from the 9-bit prescaler shown in Figure 3.6 (2).

The operation modes and timer flip-flops of the 8-bit timer are controlied by five
control registers TO1MOD, T23MOD, TFFCR, TRUN, and TRDC.
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Figure 3.6 (1) Block Diagram of 8-bit Timers (Timers 0 and 1)
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@ Prescaler

This 9-bit prescaler generates the clock input to the 8-bit timers, 16-bit
timer/event counters, and baud rate generators by further dividing the
fundamental clock (FC) after it has been divided by 4 (fc/4).

Among them, 8-bit timer uses 4 types of clock: ¢T1, $T4, ¢T16, and
¢ T256.

This prescaler can be run or stopped by the timer operation control
register TRUN<PRRUN>. Counting starts when <PRRUN> is set to
“1”, while the prescaler is cleared to zero and stops operation when
<PRRUN> is set to “0”. Resetting clears <PRRUN> to “0”, which clears

and stops the prescaler.,
Cycle
fc
Input 12.5MHz | 16MHz
clock
$T1(8/c) 0.64.s 0.5us
#T4 (32/f¢) 25645 2.0us
4T16 {128/4¢) 10.24.s 8.0us
#T256 (2048/fc) | 163.84ys 12845
$TO 4T1  ¢4T4  4T16 47256
1 2 3 4 5 6 7 8 9
Oscillator | f¢ 14
circuit > 1 -~ 9-bit prescaler
Tru n/stop & clear
> 41
172 (System clock) ~ TRUN<PRRUN>
—- 82

CLK

fea

¢T1

T4

Figure 3.6 (2) Prescaler
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@  Up-counter

This is an 8-bit binary counter which counts up by the input clock pulse
specified by the timer 0/timer 1 mode register TO1MOD and timer 2/timer 3 mode
register T23MOD.

The input clock of timer 0 and timer 2 is selected from the external clock from
TI0 pin (commonly used as P44) and TI2 pin (commonly used as P45 or INT0) and
the three internal clocks ¢T1 (8/fc), $T4 (32/fc), and ¢ T16 (128/fc), according to the
set value of TOIMOD and T23MOD.

The input clock of timer 1 and timer 3 differs depending on the operation mode.
When set to 16-bit timer mode, the overflow output of timer 0 and timer 2 is used
as the input clock.

When set to any other mode than 16-bit timer mode, the input clock is selected
from the internal clocks ¢T1 (8/fc), $T16 (128/fc), and ¢T256 (2048/fc) as well as
the comparator output (match detection signal) of timer 0 and timer 2, according to
the set value of TOLMOD and T23MOD.

Example: When TOIMOD<T01M1,0> =01, the overflow output of timer 0
becomes the input clock of timer 1 (16-bit timer). When
T0O1MOD<T01M1,0> =00 and T01MOD<T1CLK1,0>=01, ¢T1
(8/fc) becomes the input of timer 1.

Operation mode is also set by TO1MOD and T23MOD. When reset, it is
initialized to

T01MOD <T01M1, 0> =00 and T23MOD <T23M1, 0> =00, whereby the up-
counter is placed in the 8-bit timer mode.

The counting, halt, and clear of up-counter can be controlled for each interval
timer by the timer operation control register TRUN. When reset, all up-counters
will be cleared to stop the timers.

@ Timerregister

This is an 8-bit register for setting an interval time. When the set value of timer
registers TREGO, TREG1, TREG2, and TREG3 matches the value of up-counter,
the comparator match detect signal becomes active. If the set value is 00H, this
signal becomes active when the up-counter overflows.

Timer registers TREGO and TREG2 are of double buffer structure, each of
which makes a pair with register buffer.

The TREGO and TREG2 control whether the double buffer should be enabled or
disabled through the timer register double buffer control register TRDC < TRODE,
TR2DE>. It is disabled when <TRODE>/<TR2DE> = 0, and enabled when
they are set to 1,
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The timing to transfer data from the register buffer to the timer register in the
double buffer enable state is the moment 2" —1 overflow occurs in PWM mode or
the moment compare cycles will be equal in PPG mode.

When reset, it will be initialized to <TRODE>/<TR2DE> =0 to disable the
double buffer. To use the double buffer, write data in the timer register, set
<TRODE> and <TR2DE>to 1, and write the following data in the register

buffer.

Up-counter

AV

Comparator

ZAN

Timer registers 0 and 2 |

AN

-h—mwn
Qe

Matching detection of PPG

—G‘__ cycle
2n - 1 overflow of PWM

‘Shift trigger
Register buffers 0 and 2 _]

N

—y

Write

internal bus

TREG 0/2 WR

<TRODE>/<TR2DE >

Figure 3.6 (3) Configuration of Timer Registers 0 and 2

Note Timer register and the register buffer are allocated o the same memory address. When
<TRODE >/<TR2DE > =0, the same value is written in the register buffer as well as the
timer register, while when <TRODE >/<TR2DE > =1 only the register buffer i_s written.

The memory address of each timer register is as follows.

TREGO: FFD4H
TREG1: FFD5H
TREG2: FFD6H
TREG3: FFDTH

All the registers are write-only and cannot be read.
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7 i o6 s i a4 i3 i a2 i 1 i o
bitSymbol | TOIM1 | TOIMO  PWMO1 i PWMOO | TICLK1 { TICLKO i TOCLKI : TOCLKO
TOIMOD e o write RAW RIW RIW P RIW
(FFD8H) T : ; ; T t T
After reset ¢ { o { o { o L o i o i o0 i o
00: 8bitTimer i 00: ~ i 00: TOOTRG :00:TIO
. 01:16bitTimer : 01:26-1PWM | 01: 4T P01 gT1
Function . : H H
10: 8bit PPG Po10:27-1¢cydes  ; 10: gT16 ; 10: 474
11: 8bIitPWM | 11:28-1 ! 11: 47256 P11: 4T16
| I | I f
|—»lnput clock of timer 0

00 | External clock T10
01 jInternal clock 4T1
10 |Internal clock ¢T4
11 |Internal clock ¢T16

L—— Input clock of timer 1
TOTMOD7,6¥01 | TO1MOD7,6 =01
00 | Comparator output Overflow

of timer 0 output of timer
01 |Internal clock ¢T1 0

10 |Internal clock ¢T16 | (16-bit timer
11 [ Internal clock ¢T256 | ™ode)

— Select PWMO cycle
("Don't care” except in PWM mode)

00 _
01 26-1
10 27 -1
11 281

Set the operation mode of
> timerQand 1.

00 [ Two 8-bit timers
(timer 0 and timer 1)
01 | 16-bit timer

10 [ 8-bit PPG output

11 | 8-bit PWM output (timer 0)
+ 8-bit timer (timer 1)

Figure 3.6 (4) Timer 0/Timer 1 Mode Register (TO1MOD)
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7 { 6 : 5 i a4 i 3 i 2 i 1 i 0
bitSymbol | T23M1 | T23M0 | PWM21 i PWM20 | T3CLK1 ; T3CLKO | T2CLK1 | T2CLKO
ﬁ;’;’;ﬁ? Read/Write RIW RIW R RAW
After reset o : o : © { o { o i 0o { o0 i ©
00: 8bitTimer | 00: - i 00: TO2TRG {00:T2
Function | 01 16bitTimer  { 01:26-1 P01 4T L 01 ¢T1
10: 8bit PPG P10 -1 i 10: gT16 i 10: 474
11: 8bitPWM | 11:28-1 { 11: 47256 P 11:4T16

|

I—»Timer 2 input dlock

00 | External clock Ti2
01 }Internal clock ¢T1
10 | Internal clock ¢T4
11 linternal clock ¢T16

L Timer 3 input clock
T23MOD7,6#01 |T23MOD7,6=01

00 | Comparator output | gyerflow output
of timer 2 of timer 2

01 |Internal clock ¢T1 (16-bit timer
10 |Internal clock ¢T16 |mode)
11 |Internal clock ¢T256

> Select PWM2 cycle
("Don’t care” except in PWM mode)

00 —_—
01 26-1
10 27 -1
11 28-1

Set the operation mode of
> timer 2 and timer 3

00 [Two 8-bit timers

(timer 2 and timer 3)

01 [ 16-bit timer

10 | 8-bit PPG output

11 | 8-bit PWM output {timer 2)
+ 8-bit timer (timer 3)

Figure 3.6 {5) Timer 2/Timer 3 Mode Register (T23MOD)
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TFF3 TFF1
f T i
7 i 6 i s i a4 i 3 i 2 i 1 I o
TEFCR bitSymbol | FF3C1 | FF3CO : FF3IE : FF3IS ! FFICI | FFICO | FFIE | FFUIS
(FFDAH) Read/Write W RIW W RNV
After reset - : 0 : 0 : - : 0 : 0
00: Invert TFF3 : 1: 0: { 00:Invert TFF1 i 1: o:
01:Set  TFF3 | TFF3 §'8n;?tftsby§ 01:Set  TFF1 : TFF1 g'&n;?trts by
. i i8-bi fogg : i8-bi
Function 10; Clear TFF3 Invert itimer2 | 10: Clear TFF1 : Invert timer 0
11: Don'tcare : Enable :y. i 11:Don'tcare : Enable i1.
: Hinverts by : {Inverts by
itimer3d itimer 1

N =——xmm

I—» Select inverse signal of timer flip-flop TFF1
{"Don’t care” exceptin 8-bit timer mode)

0 | Inversion by timer 0

1 {Inversion by timer 1

~——> Invert of timer flip-flop TFF1
0 | Disabted

1 | Enabled

—> Control timer flip-flop TFF1

00 | Invert the value of TFF1
(software inversion).

01 |Set TFF1to "1".
10 | Clear TFF1 ta “0".

11 |Don’t care (Always set at “11“when read)

Select inverse signal of timer flip-flop TFF3
(Don't care except in 8-bit timer made)

0 {Inversion by timer 2

1 | Inversion by timer 3

> _Invert of timer flip-flop TFF3
0 | Disabled

1 | Enabled

—> Control of timer flip-fiop TFF3

00 | inverts the value of TFF3
(software inversion).

01 |Sets TFF3to "1”.
10 | Clears TFF3 to “0”.

11 | Don’t care (Always set at “11"when read)

Figure 3.6 (6) 8-Bit Timer Flip-flop Control Register (TFFCR)
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16-bit timer 8-bit timer
r T 1
7 § 6 . s i 4 | 3 i 2 [ 1 1 0
TRUN bit Symbo! © PRRUN | TARUN i T3RUN i T2RUN : TIRUN i TORUN
R it .
(FFDCH) |re2dWrite : ; : : LA : :
After reset : H 0 : 0 : 0 : 4] : 0 : 0

Prescaler & Timer Run/Stop Control

Function
4 0: $top & Clear

1: Run (Count up)

J |
L» Operation of timer 0
0 |Stop and clear

—» Operation of timer 1
0 |Stop and clear

L Operation of timer 2

0 |Stop and clear

—» Qperation of timer 3

0 |Stop and clear

1 Count

L—» Operation of 16-bit timer (timer 4)

0 |Stop and clear

L QOperation of prescaler

0 |Stop and clear
1 |Count

Figure 3.6 (7) Timer Operation Control Register (TRUN)
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7 i 6 1 st a4 i3 P2 i1 i

TRDC bit Symbol MIT i : i TRADE | TR2DE : TRODE

(FFDBH) Read/Write RIW : RAW :
After reset o : : : i 0 ¢ 0 0
|0 Timer2; i 0: DoubleBuffer Disable
Function or3 i 1: Double Buffer Enable
1: Timer 4: : : : ;

L» Control the double buffer of timer register 0
0 [Disabled

1 |Enabled

— Control the double buffer of timer register 2
0 {Disabled

1 |Enabled

L Control the double buffer of timer register 4
0 |Disabled

1 |Enabled

Select the shift trigger of port 7
{M10~M13) ‘

0 |Timer2or3
1 |Timer4

}

Shift trigger generating timer for
stepping motor control/pattern
generation port

Figure 3.6 (8) Timer Register Double Buffer Control Register (TRDCQ)
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@ Comparator

A comparator compares the value in the up-counter with the values to which the
timer register is set. When they match, the up-counter is cleared to zero and an
interrupt signal (INTTO~INTT3) is generated. If the timer flip-flop inversion is
enabled, the timer flip-flop is inverted at the same time.

® Timer flip-flop (timer F/F)

The status of the timer flip-flop is inverted by the match detect signal
(comparator output) of each interval timer and the value can be output to the timer
output pins TO1 (also used as P40) and TO3 (also used as P41).

A timer F/F is provided for each pair of timer 0 and timer 1 as well as that of
timer 2 and timer 3 and is called TFF1 and TFF3. TFF1 is output to TO1 pin,
while TFF3 is output to TO3 pin.

The operation of 8-bit timers will be described below:
(1) 8-bit timer mode

Four interval timers 0, 1, 2, and 3 can be used independently as 8-bit interval timer.

All interval timers operate in the same manner, and thus only the operation of timer 1
will be explained below.

@ Generating interrupts in a fixed cycle

To generate timer 1 interrupt at constant intervals using timer 1 (INTT1), first
stop timer 1 then set the operation mode, input clock, and synchronization to
TOLIMOD and TREGI, respectively. Then, enable interrupt INTT1 and start the
counting of timer 1.

Example : To generate timer 1 interrupt every 40 microseconds at fe=16 MHz,
set each register in the following manner.

MmsB LSB
7654321090
TRUN ¢ - ----- 0 - Stop timer 1, and clearitto “0".
TOIMOD¢ 00 XX 01 -- Set the 8-bit timer mode, and select 471 (0.5 s @
fc =16 MHz) as the input clock.
TREG1 «+ 01010000 Set the timer register at 40 »s 4T1 = 50.
INTEH ¢« X----1-- Enable INTT1.
TRUN « X X1---1 Start timer 1 counting.

(Note) X;Don’tcare —;Nochange
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Use the following table for selecting the input clock.
Table 3.6 (1) 8-Bit Timer Interrupt Cycle and Input Clock

(Iarlct?cr ru gc ﬂze) Resolution Input clock
0.5us ~ 128us 0545 $T1(8/Hc)

28 ~  B12us 2us #T4(32/fc)

8us ~ 2,048ms Bus $T16 {128/
128us ~ 32,768ms 128us $T256 (2048/fc)

Precautions for Using Timer 2

Timer 2 interrupt (INTT2) uses the same interrupt enable/disable flag
INTEH<IET2> as used for A/D converter interrupt (INTAD). Change-over between
them is executed by INTEH <ADIS>. When <ADIS> is set to “0”, timer 2 interrupt
will be enabled, disabling A/D converter interrupt.

@  Generating a 50% duty square wave pulse

The timer flip-flop is inverted at constant intervals, and its status is output to
timer output pin (TQO1),

Example : Tooutputa 3.0 «s square wave pulse from TO1 pin at fc=16 MHz, set
each register in the following procedures. Either timer 0 or timer 1
may be used, but this example uses timer 1.

MSB LSB
76543210
TRUN ¢ = = — - - — 0 - Stop timer 1, and clear it to “0”.
TOIMOD« 00 XX 01 - - Set the 8-bit timer mode, and select 4T1 (0.5 us @
fc =16 MHz) as the input clock.
TREGL ¢« 00000011 Setthe timerregisterat3.0 us + ¢T142=3.
Clear TFF1to "0”, and set to invert by the match
TFFCR ¢ - ---1011 detect signal from timer 1.
PAR € === -- - 1 } Select P40 as TO1 pin.
PAFR ¢« ~--XX---1
TRUN ¢ X X1~-~--1- Start timer 1 counting.
(Note) X;Don’tcare -;Nochange
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At I e I N S T S O T I A
Saons T
BIT7~2 -
gcﬁ;nter BIT
BITO 0 1 2 3 Q0N 1 2 3 Jol 2 3 |o
Comparator
fiming Mm_ri 4 M I M
Comparator output &_I
(matching detect) M I
v 1/ Iy iy
UC clear . [I.", “ |
TFF1 \ é i
5 I |
Y - —

24,5@fc=10MHz i

Figure 3.6 {9) Square Wave (50% Duty) Output Timing Chart

® Making timer 1 count up by match signal from timer 0 comparator

Set the 8-bit timer mode, and set the comparator cutput of timer 0 as the input
clock to timer 1.

Comparatortimer 0 ﬂ n
match output

hwiountll €3 £3.00.6 € £ 50,0 6 B 8.4

Timer 1 up-counter

(when TREG1=2) ! X 2 J !

Timer 1 match output ﬂ

Figure 3.6 (10)
@ Outputinversion with software

The value of timer flip-flop (timer F/F) can be inverted, independent of timer
operation.

Writing “00” into TFFCR<FF1C1, 0> inverts the value of TFF1, and writing
“00” into TFFCR<FF3C1,0> inverts TFF3.
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® Initial setting of timer flip-flop (timer F/F)

The value of timer F/F can be initialized to “0” or “1”, independent of timer

operation.
For example, write “10” in TFFCR<FF1C1,0> to clear TFF1 to “0”, while
write “01” in TFFCR <FF3C1,0> to set TFF1 to “1”,

Note: The value of timer F/F and timer register cannot be read.
{2) 16-bit timer mode

A 16-bit interval timer is configured by using the pair of timer 0 and timer 1 or that of
time 2 and timer 3.

As the above two pairs operate in the same manner, only the case of combining timer
0 and timer 1 is discussed.

To make a 16-bit interval timer by cascade connecting timer 0 and timer 1, set timer
0/timer 1 mode register TOIMOD <T01M1,0> to “0, 1”.

When set in 16-bit timer mode, the overflow output of timer 0 will become the input
clock of timer 1, regardless of the set value of TOIMOD <T1CLK1,0>. Table 3.6 (2)
shows the relation between the cycle of timer (interrupt) and the selection of input clock.

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

Interrupt cycle

(@ fc =16 MHz) Resolution Input clock
0.5us ~ 32.768ms 0.5u5 $T1(8/c)

248 ~ 131.072ms 248 $T4 (32/f¢)

8us ~ 524.288ms 8us $716 (128/¢c)

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

Setting example: To generate an interrupt INTT1 every 0.5 seconds at fc=16 MHz, set
the following values for timer registers TREGO and TREG1.
When counting with input clock of ¢ T16 (8us @ 16 MHz)
0.5sec+8,8=62500=F424H
Therefore, set TREG1 =F4H and TREG0=24H, respectively.

The comparator match signal is output from timer 0 each time the up-counter
matches UCO, where the up-counter UCQ is not be cleared.

With the timer 1 comparator, the match detect signal is output at each comparator
timing when up-counter UC1 and TREG1 values match. When the match detect signal
is output simultaneously from both comparators of timer 0 and timer 1, the up-counters
UCO and UC1 are cleared to “0”, and the interrupt INTT1 is generated. If inversion is
enabled, the value of the timer flip-flop TFF1 is inverted.
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Example : When TREG1=04H and TREG0=80H

Value of up-counter 0400H
(UC1, Uco) 0000H 0080H 0180H 0289H 0380H 0480H

Timer 0 comparator
match detect signal FI

Interrupt INTT1

|
|
Timer output TO1 X Inversion

Figure 3.6 (11)

(3) 8-bit PPG (Programmable Puise Generation) mode

Square wave pulse can be generated at any frequency and duty by timer 0 or timer 2.
The output pulse may be either low-active or high-active.

In this mode, timer 1 and timer 3 cannot be used.

Timer 0 outputs pulse to TO1 pin (also used as P40), and timer 2 outputs pulse to TO3

pin (also used as P41).
| tH | 3! |

I t I

I »|

As an example, the case of timer 0 will be explained below. (Timer 2 also functions in
the same way.)

TREGO and UCO match /ﬂ /ﬂ
(interrupt INTTO) S
TREG1 and UCO match ( ﬂ

{interrupt INTT1) \ ) \ )
TO1

In this mode, a programmable square wave is generated by inverting timer output
each time the 8-bit up-counter (UCO0) matches the timer registers TREGO and TREG1.

However, it is required that the set value of TREGO is smaller than that of TREG1.

Though the up-counter (UC1) of timer 1 cannot be used in this mode, timer 1 can be
used for counting by setting TRUN<T1RUN>to 1.
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Figure 3.6 (12) shows the block diagram for this mode.
TRUN<TORUN>

TO1
TI0 pin i a-bit | T
$T1{8/fc) — -0i
¢T4 {32y —» Selector up-counter uco TFFCR<FF1IE>
$716(128/fc) —>| T 1 TFF | o

1 .
TOIMOD<TO1CLK1, 0> Q nversion
I . INTTO
Comparator Comparator INTT?
A /\
l__ TREGO
Select P
elector =
TREGO-WP —— Shift trigger
i Register buffer TREG1
TRDC<TRODE > I | TT
Internal bus

Figure 3.6 (12) Block Diagram of 8-Bit PPG Mode

When the double buffer of TREGO is enabled in this mode, the value of register buffer
will be shifted in TREGO each time TREG1 matches UCO.
Use of the double buffer makes easy the handling of low duty waves (when duty is

Match with TREGO " "
(Up-counter = Qq} (Up-counter = Q;)

Match with TREG1

( Shift from register buffer

TREGO Qs \X Q
{Value to be compared)

Q X Q
Register buffer 2 3

Write into register buffer

varied).
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Example: Generating 1/4 duty 50 KHz pulse (@ fc=16 MHz)

L J1 11
20,51

+ Calculate the value to be set for timer register.
To obtain the frequency 50 KHz, the pulse cycle t should be : 1/60 KHz = 20 us.
Given ¢T1=0.5u8 (@ 16 Hz),
204s+0.5us=40
Consequently, to set the timer register 1 (TREG1) to TREG1=40=28H
and then duty to 1/4, tX1/4 = 20.sX1/4=5us
5us+0.5.48=10
Therefore, set timer register 0 (TREGO0) to TREG0=10=0AH.

MSB LSB
« 76543210
TRUN ¢« XX--~--00 Stop timer 0, and clear it to “0”.
TOIMODe 1 0 X XX X001 Set the 8-bit PPG mode, and select ¢T1 as input clock.
TFFCR ¢ = - - - 011 x Sets TFF1 and enable the inversion.
T—> Writing “10” provides negative logic pulse.
TREGO « 00001010 Write “0AH".
TREGL «+ 00101000 Write “28H".

PACR ¢ - ----- - 1 i
PAFR € - - X X - - - 1 } Set P40 as the TO1 pin.
TRUN ¢ XX1---11 Start timer 0 counting.
(Note) X;Don’t care - ;No change
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(4) 8-bit PWM (Pulse Width Modulation) mode

This mode is valid only for timer 0 and timer 2. In this mode, maximum two PWM:s of
8-bit resolution (PWMO0 and PWM2) can be output.

PWM pulse is output to TO1 pin (also used as P40) when using timer 0, and to TO3
pin (also used as P41) when using timer 2.

Timer 1 and timer 3 can also be used as 8-bit timer.

As an example, the case of timer 0 will be explained below. (Timer 2 also operates in
the same way.)

Timer output is inverted when up-counter (UC0) matches the set value of timer
register TREGO or when 2n—1 (n=86, 7, or 8; specified by TOIMOD <PWM01,0>)
counter overflow occurs. Up-counter UCO is cleared when 2n—1 counter overflow
occurs. For example, when n=6, 6-bit PWM will be output, while when n=7, 7-bit
PWM will be output.

To use this PWM mode, the following conditions must be satisfied.

(Set value of timer register) < (Set value of 2" —1 counter overflow)
(Set value of timer register) + 0

TREGO and UCO match /” lﬂ

B e ouerton, ( (/F/\ (/F

X

TO —_—

trwm

Figure 3.6 (13) shows the block diagram of this mode.
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. TOSHIBA ( uc/upP)d
TOSHIBA , TMP90C344
TRUN<TORUN> " o1
TI0 pin —] )
§TH (8 —> 8-bit ‘_Ja T
g oL || eceunteruco e < TFFCR<FFICI, 0,
FTIB(IEHID == 1 TFF < FFIIE FF1IS>
1 Invert
TOIMOD<TOCLK1, 0> __—l\ 2n_14 <-T01MOD<TO1M1,0>”
._.__I/ overflow |«
control [ TOIMOD<PWMO1, 0>
< (Selection of
=z N=6,Tord®)
Comparator
PES
INTTO
|—> TREGO
P
Selector — -
TREGO-WR —> Shift trigger
7 Register buffer
TRDC<TRODE> TT
internal bus

Figure 3.6 (13) Block Diagram of 8-8it PWM Mode

In this mode, the value of register buffer will be shifted in TREGO if 2% — 1 overflow is

detected when the double buffer of TREGO is enabled.
Use of the double buffer makes easy the handling of small duty waves.

| |

Match with-TREGO

(Up-counter = Q) {Up-counter = Qa)
2n-1 /"
il
ouertiow ( Shifted from register buffer
X
TREGO Q1 Q2

(value to be compared)

77
Q2 X Q3

Write into the register buffer

Register buffer
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Example: To output the following PWM waves to TO1 pin using timer 0 at fc=16 MHz.

—r 36us -j

je— 63.545 —

)

To realize 63.5us of PWM cycle by ¢T1=0.5.s (@fc=16 MHz),
63.5u8+0.5,s =127 =271

Consequently, n should be set to 7.

As the period of low level is 86us, for ¢ T1=0.5.s,

set the following value for TREGO.
3645+0.548 = 72 = 48H

MSB LSB
765643210
TRUN ¢« XX -- - - = 0 Stop timer 0, and clearitto “0".
o Set 8-bit PWM mode {cycle: 27 — 1) and select 4T1 as the
TOIMOD« 1110 01 input clock.
TFFCR + - - --101X Clears TFF1 to enable the inversion.
TREGO « 01001000 Writes "48H".
PACR ¢ == - - - -~ 1 } Set P40 as the TO1 pin.
PAFR ¢ - - - - - - - 1
TRUN « X X1----1 Start timer 0 counting.
(Note) X ;Don’t care - ; No change

Table 3.6 (3) PWM Cycle and the Setting of 2" - 1 Counter

PWM cycle (@fc = 16 MHz)
Formula
¢T1(8rfc) ¢ T4 (32/fc) #T16 (128/¢)
261 (26-1)x ¢Tn 31.5us 12645 5045
27 -1 (27-1) % ¢Tn 63.5u8 25445 1.01ms
28-1 (28-1)x ¢Tn 127 s 510us 2.04ms
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{5) Table 3.6 {4) shows the list of 8-bit timer modes.
Table 3.6 (4) Timer Mode Setting Registers

Register name TOTMOD (T23MOD) TFFCR
Name of function inregister | TO1M (T23M) | PWMO (PWM2) | T1CLK (T3CLK) TOCLK (T2CLK) FF11S {(FF31S)
Function Timer mode PWM cycle Upper timer input L_ower timer Tlrr\er FIF invert
clock input clock signal select

External dock,

16-bit timer mode o1 - - $T1, 474, 4T16 -
(01,10,11)
Lom::':er External clock, o :::::tt'mer
8-bit ti 2 channels ] - ) T1, $T4, ¢T16 .
rHamer x 0 ¢TI, 4T16, 4T256| F1 1974 ¢ 1: Upper timer

(00,01, 10, 11)
(00,01,10,11) output

‘ External clock,
8-bit PPG x 1channel 1o - - $T1, $T16, 47256 -
(00, 01,10, 11)

2°-1,2"-1, External clock,
8-bit PWM x 1channel H 28-1 - $T1, 4T16, $T256 -
{01,10,11) (00,01, 10, 11)
8-bit timer x 1channel 11 - #T1. $74, $T16 - Output disabled
(01,10, 11)

{(Note) - :Don’t care
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3.7 Multi-Function 16-bit Timer/Event Counter (Timer 4)

TMP90C844 contains one multifunctional 16-bit timer/fevent counter with the
following operation modes.

* 16-bit timer

*+ 16-bit event counter

* 16-bit programmable pulse generation (PPQG)
* Frequency measurement

* Pulse width measurement

* 'Time differential measurement

Figure 3.7 (1) shows the block diagram of 16-bit timer/event counter.
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Figure 3.7 (1) Block Diagram of 16-Bit Timer/Event Counter (Timer 4)
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Timer/event counter consists of 16-bit up-counter, two 16-bit timer registers, two 16-
bit capture registers, two comparators, register buffer, capture input controller, and
timer flip-flop and the control circuit.

Timer/event counter is controlled by 4 control registers: TAMOD, T4FFCR, TRUN,
and TRDC. TRUN register includes 8-bit timer controller. For TRUN and TRDC
registers, see Figure 3.6 (7) and Figure 3.6 (8).

7 i 6 i s i & | 3 2 ;1 | o
bitSymbol | CAP2TS | EQSTS ! CAPIIN i CAPM1 | CAPMO CLE [ TACLK1 | T4ACLKO
TaMOD Read/Write RAWV Pow RIW RAW RAW
{FFE4H) - : .
After reset 0 Q 1 : 0 0 0 0 0
TFFS invert trigger 0 §Capture timing 1: UC16 gTimerasource clock
0: Disable i Soft-  i00: Disable Clear :00:Tid
1: Enable Capture INT1 oceurs at rise edge. Enable ?01: $#T1 (8/f¢c)
i 01:T14¢ TSP £0: 474 (32}
Function don’t INT1 occurs at rise edge. ;11: $T16 (128/fc)
: care 10: 7147 T4 :
i INT1 occurs at fali edge.
A1:TEFI T TRF1 )
INT1 accurs at rise edge,

I‘* Timer 4 input clock
External clock (T14)

Internal clock ¢T16

—> Clearing the up-counter UC16

Clear disable

Clear by match with TREGS.

Figure 3.7(2) 16-Bit Timer/Event Counter (Timer 4)

Controller/Mode Register (1/2)

MCU90-581




| ,,E?SHIBA (UCs/upP)

.

SHYE D mm 90972y9 0021157 T8 mTOS3

TOSHIBA TMP90C844
7 i 6 i s i a4 i 3 2 i 1 i o
T4MOD bitSymbol | CAP2T5 | EQSTS ! CAPIIN | cAPM1 | CAPMO CLE | T4CLK1 | TACLKO
: RAW : RIW RW
(FFE4H) Read/Write . ; w i RW P :
After reset 0 : 0 : 1 0 : 0 0 : 0 : 0
[TFFS invert trigger 0 ECapture timing 1: UC16 ETimeMsource clock
0: Disable ! soft-  00: Disable Clear oo Ti4
1: Enable Capture INT1 occurs at rise edge. Enable ;01: $T1{8ifc)
i 01: T4t TIS i10: ¢T4 (32/¢)
Function i don't i INTIoccursatrise edge. 111: gT16 (128/¢)
Pcare  N0:TIAT T} i
INT occurs at fall edge.
H1:TFF1D TFF1}
¥ INTH occurs ot rise edge.
L ] 1 I
|—>Capture control/INT1 interrupt control
Capture control INT1 control
00 | Capture
e ISRl .| INtETTUPT OCCUTS Bt the £
01 |CAP1 at Ti4 rise rise edge of TI4 (INT1) input.
CAP2 at TIS rise
P T B lnterruptoccursatthefall_\_ .......
CAP2 at T4 fall edge of TI4 (INT1) input.
11 |CAP1 at TFF1 rise Interrupt occurs at the f
CAP2 at TFF1 fall rise edge of T4 {INT1) input.
> Software capture trigger
0 |The up-counter value is loaded to CAP1
{software capture).
1 [Alwaysread as “1”.
Timer flip-flop 5 (TFF5) invert trigger
0 |Triggerdisable
1 |Trigger enable
CAP2T5S When the up-counter value is loaded to CAP2
EQS5TS When the up-counter matches TREGS
Figure 3.7(2) 16-Bit Timer/Event Counter (Timer 4)

Controller/Mode Register (2/2)
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7 ¢ 6 s i o4 i 3 § 2 i 1 1 9
bitSymbol | TFF5C1 | TFF5CO : CAP2T4 : CAPIT4 : EQST4 i EQ4T4 : TFFAC1 : TFFACO

TAFFCR

Read/Write w : RAW W
(FFESH) T ; . : : ; T
After reset : : 0 : Q : 0 : 0 H :
00: Invert TS iTFF4invert trigger {00: Invert TFF4
01: Set TFF5 i0: Disable trigger {01: Set TFF4
10: Clear TFFS :1: Enable trigger i10: Clear TFF4
Function EWhenthe ‘Whenthe :Whenthe iWhenup-  11: Don'tcare

11: Don‘t care iup-counter {up-counter :up-counter :counter

Alwaysreadas “11”. ivalueis  ivalueis  imaiches :matches ey
‘loadedto :loadedto (TREGS  :TREG4 & n
‘capy icaPt : :
1 |

¥ Always read as

|—> Timer flip-flop 4 (TFF4) control

00 | inverts the TFF4 value
(software inversion).

10 JClear TFFA to “0".

11|Don't care (Alwaysread as
“117).

—— Timer flip-flop 4 (TFF4) invert
trigger

0 |Trigger disable

; Tnggerenable

CAP2T4 ; When the up-counter value is loaded to CAP2
CAP1T4 ; When the up-counter value is loaded to CAP1
EQ5T4 ; When up-counter matches TREGS
EQAT4 ,; When up-counter matches TREG4S

> Timer flip-flop 5 (TFF5) control

00 [1nverts the TFF5 value
(software inversion).

11 |Don't care (Always read as
"11")

Figure 3.7(3) 16-Bit Timer/Event Counter Timer
Flip-flop Control Register
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@  Up-counter (UC16)

UC16 is a 16-bit binary counter which counts up according to the input clock
specified by TAMOD <T4CLK1,0> register.

As the input clock, one of the internal clocks ¢T1 (8fc), 4T4 (32fc), and 4TI6
{128fc) from 9-bit prescaler (also used as 8-bit timer), and external clock from TI4
pin (commonly used as P46/INT1 pin) can be selected. When reset, it will be
initialized to <T4CLK1,0>=00 to select TI4 input mode. Counting, stop, or
clearing of the counter is controlled by timer operation control register
TRUN<T4RUN>.

When clearing is enabled, up-counter UC16 will be cleared to zero each time it
coincides matches the timer register TREGS5. The “clear enable/disable” is set by
T4MOD<CLE>.

If clearing is disabled, the counter operates as a free-running counter.

®  Timer registers (TREG4 and TREG5)

These two 16-bit registers are used to set the value of counter. When the value
of up-counter UC16 matches the set value of this timer register, the comparator
match detect signal will be active.

Setting data for timer register (TREG4 and TREGS) is executed using 16-bit
transfer instruction or using 8-bit transfer instruction twice for lower 8 bits and

upper 8 bits in order.
TREG4 TREGS
Upper 8 bits prer 8 bits Upper 8 bits Lower 8 bits
FFE1H FFEOH FFE3H FFE2H

TREG4 timer register is of double buffer structure, which is paired with register
buffer. TREG4 controls whether the double buffer should be enabled or disabled,
using the timer register double buffer control register TRDC <TR4DE >: disable
when <TR4DE > =0, while enable when <TR4DE > =1.

When the double buffer is enabled, the timing to transfer data from the register
buffer to the timer register is at the match between the up-counter and TREGS.

When reset, it will be initialized to <TR4DE> =0, whereby the double buffer is
disabled. To use the double buffer, write data in the timer register to set to
<TRADE > =1 then write the following data in the register buffer.

TREG4 and register buffer 4 are allocated to the same memory addresses FFEOH
and FFE1H. When <TRADE> =0, same value will be written in both the TREG4
and register buffer 4. When <TR4DE> =1, the value is written into only the
register buffer 4.
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®  Capture register (CAP1 and CAP2)

These 16-bit registers are used to hold the values of the up-counter UC16.
Data in the capture registers should be read by a 2-byte data load instruction or
two 1-byte data load instruction, from the lower 8 bits followed by the upper 8 bits.

CAP1 CAP2

Upper 8 bits Lower 8 bits Upper 8 bits Lower 8 bits

FFE1H FFEOH FFFE3H FFEZH

@  Capture input control circuit

This circuit controls the timing to latch the value of up-counter UC16 into
CAP1 and CAP2. The latch timing of capture register is controlled by register
T4AMOD <CAPM1,0>,

* When TAMOD <CAPM1, 0> =00
Capture function is disabled. Disable is the default on reset.
* When T4MOD <CAPM1, 0> =01

Data is loaded to CAP1 at the rise edge of T14 pin (commonly used as P46/INT1)
input, while data is loaded to CAP2 at the rise edge of TI5 pin (commonly used as
P477/INT2) input. (Time difference measurement)

* When T4AMOD <CAPM1,0>=10

Data is loaded to CAP1 at the rise edge of TI4 pin input, while to CAP2 at the
fall edge. Only in this setting, interrupt INT1 occurs at fall edge. (Pulse width
measurement)

* When TAMOD <CAP1,0>=11

Data is loaded to CAP1 at the rise edge of timer flip-flop TFF1, while to CAP2 at
the fall edge. (Frequency measurement)

Besides, the value of up-counter can be loaded to capture registers by software.
Whenever “0” is written in TAMOD <CAPIN >, the current value of up-counter
will be loaded to capture register CAP1. It is necessary to keep the prescaler in
RUN mode (TRUN <PRRUN > to be “17).
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® Comparator (CP4 and CP5)

These are 16-bit comparators which compare the up-counter UC16 value with
the set value of TREG4 or TREGS to detect the match. When a match is detected,
the comparators generate an interrupt INTT4 and INTTS respectively. The up-
counter UC16 is cleared only when UC16 matches TREGS. (The clearing of up-
counter UC16 can be disabled by setting TAMOD <CLE > =0.)

® Timer flip-flop (TFF4)

This flip-flop is inverted by the match detect signal from the comparators (CP4
and CP5) and the latch signals to the capture registers (CAP1 and CAP2).
Disable/enable of inversion can be set for each element by T4FFCR <CAP2T4,
CAP1T4, EQ5T4, EQ4T4>. TFF4 will be inverted when “00” is written in
T4FFCR<TFF4C1,0>. Also it is set to “1” when “10” is written, and cleared to
“0” when “10” is written. The value of TFF4 can be output to the timer output pin
TO4 (commonly used as P42).

@ Timer flip-flop (TFF5)

This flip-flop is inverted by the match detect signal from the comparator CP5
and the latch signal to the capture register CAP2. TFF5 will be inverted when
“00” is written in TAFFCR<TFF5C1,0>. Alsoitis set to “1” when “10” is written,
and cleared to “0” when “10” is written. The value of TFF5 can be output to the
timer output pin TO5 (commonly used as P43).

(1) 16-bit timer mode

In this example, the interval time is set in the timer register TREG5 to generate the

interrupt INTTS.

[TRUN ¢ - - -0 - - - - Stop timer 4.

INTEL « 0 -1- - - - - Enable INTT5 and disable INTT4.

TAFFCR« 11000011 Disable trigger.

TAMOD «+ 001001 * * Selectinternal clock for input and
(**=01,10,11) disable the capture function.

TREGE ¢ ##%% S8%% 2448 s444 Set the interval time (16 bits).

TRUN « --11--- - Start timer 4.

{Note) X;Don't care - :No change
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(2) 16-bit event counter mode

In timer mode as described in above (1), the timer can be used as an event counter by
selecting the external clock (TI4 pin input) as the input clock. To read the value of the
counter, first perform “software capture” once and read the captured value.

The counter counts at the rise edge of TI4 pin input.

T14 pin can also be used as P46/INT1.

_TRUN « --=-0~----= Stop timer 4.

PAFR &« - % - - - - - - + = 0:Tl4 input pulse is square wave
* = 1: T4 input pulse is sine wave (zero-cross)

INTEL ¢« 001--- - ~ Enable INTTS, while disables INTT4 and INT1.
TAFFCR« 11000011 Disable trigger.

TAMOD « 00 10010¢0 Select T4 as the input clock.

TREGS € ®*** *333 %axs $4s3% Set the number of counts (16 bits).

| TURN ¢ - -11--- -~ Start timer 4.

(Note) When used as an event counter, set the prescaler in RUN mode.

(3) 16-bit programmable pulse generation (PPG) mode

The PPG mode is entered by inversion of the timer flip-flop TFF4 that is to be enabled
by the match of the up-counter UC16 with the timer register TREG4 or 5 and to be
output to TO4 (also used as P42). In this mode, the following conditions must be

satisfied.
(Set value of TREG4) < (Set value of TREG5)

_TRUN €« - --0---- Stop timer 4.

TREG4 S SEES SAER kEkk dkkk Settheduty_

TREG5 - Skkk SRk Xkkk mEEk% Setthecyde'

TAFFCR¢ 11001100 Set the TFF4 inversion to be effected by match with TREG4 or

TREGS. Initialize TFF4 to “0".

TAMOD ¢« 00100 1%+ Select the internal clock for the input, and disable the capture
(**=01,10,11)  function.

PACR ¢ - - - - - 1--
(**=00,01,10) Assign P42 asTOA4.

PAFR ¢ - - - - - 1--

[ TRUN ¢ - =11 = - - - Start timer 4.

(Note) X ;Don't care -; No change

Match with TREG4 /ﬂ ﬂ ” ﬂ ”

{interrupt INTT4)

Match with TREGS ( f /ﬂ -l -l r|

{interrupt INTT5) \
TOA pin
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(4

When the double buffer of TREG4 is enabled in this mode, the value of register buffer
4 will be shifted in TREG4 at match with TREGS. This feature makes easy the handling
of low duty waves (when duty rate is varied).

Application examples of capture function

The loading of up-counter (UC16) values into the capture registers CAP1 and CAPZ,
the timer flip-flop TFF4 inversion due to the match detection by comparators CP4 and
CP5, and the output of the TFF4 status to TO4 pin can be enabled or disabled. Combined
with interrupt function, they can be applied in many ways, for example:

@  One-shot pulse output from external trigger pulse
® Frequency measurement |
®  Pulse width measurement
@ Time difference measurement
@  One-shot pulse output from external trigger pulse

Set the up-counter UC16 in free-running mode with the internal input clock,
input the external trigger pulse from TI4 pin, and load the value of up-counter into
capture register CAP1 at the rise edge of the TI4 pin. Then set to
T4MOD <CAPM1,0>=01. ‘

When the interrupt INT1 is generated at the rise edge of TI4 input, set the
CAP1 value (c) plus a delay time (d) to TREG4 (= c+d), and set the above set
value (c+d) plus a one-shot pulse width (p) to TREG5 (= c+d+p). When the
interrupt INT1 occurs the T4FFCR register should be set that the TFF4 inversion
is enabled only when the up-counter value matches TREG4 or 5. When interrupt
INTTS5 oceurs, this inversion will be disabled.
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(r Set the counter in free-running mode.

Count clock __m]{mﬂ"_____jmmm___m__ﬂ"ﬂﬂ__-

{internal clock) c+d c+d+p

T4 pin input [

(external trigger pulse) Load the up-counter value into Capture
|~ Register 1 (CAP1) INT1 occurred

Al

1
' )
! 1
i i
Match with TREG4 : :
)
i nversion | | 7 INTTS accurfed
] enable H /" !
Match with TREG5 — - : : '
1 Disablesinversion\ | inversion H '
| caused byloading \ ! o -bio |
! of the up-counter %
Timer cutput pin TO4 ¢ value into CAP1.

! 1

| Pulse width |

i
>l >

@ (9] '

1
E Delay time
T

081190

Figure 3.7 (4) One-Shot Pulse Qutput (with Delay}

Setting example: To output 2 ms one-shot pulse with 3 ms delay to the external trigger
pulse to TI4 pin

Main setting Keep counting (Free-runnig)
— | ,J: Countwith ¢T1.
T4MOD ¢« 00101001
I_l..l

Load the up-counter value into CAP1 at the rise edge
T4FFCR« 1100 2_9 00 of T14 pin input.

Clear TFF4 to zero.

Disable TFF4 inversion.

PACR « - - - - - 1--
(**=00,01,10) Select P42 asthe TOA4 pin.
PAFR « - - - - - 1--
INTEL« 010 --- -~ Enable INT1, and disable INTT4 and INTTS.
[ TRUN ¢« - -11- - - - Start timer 4.

Setting of INT1

TREGA « CAP1+3ms/4T1

TREGS « TREG4+2ms/4T1

TAFFCR¢ X X - - 11 - -
Enable TFF4 inversion when the up-counter value
matches TREG4 or 5.

[ INTEL ¢ - -1 - = - - - Enable INTTS.
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Setting of INTS

TAFFCRe 11 - -00 - - _
“C— . Disable TFF4 inversion when the up-counter value

matches TREG4 or 5.
INTEL « - -0 - - - = = Disable INTTS.
(Note) X;Don’t care - ; No change

When delay time is unnecessary, invert timer flip-flop TFF4 when the up-
counter value is loaded into capture register 1 (CAP1), and set the CAP1 value (c)
plus the one-shot pulse width (p) to TREGS when the interrupt INT1 occurs. The
TFF4 inversion should be enabled when the up-counter (UC16) value matches
TREGS, and disabled when generating the interrupt INTTS5.

Countclock """"““ ___".".".mL—— ..__".mu“L_..-
3

(internal clock)

c+p
T4 pin input
1 tri Ise) = & Loadtheup-countervalueinto Capture .
(external trigger pulse) T Reg?Ster 1 &5«31? INTI occurred | b Load the up-counter value into
! A INTTS E Capture Register 2 (CAP2).
Match with TREGS i | occurred :
y  Inversion E |
!t enable H !
Timer output pin TO4 \i !
1
A Pulse width | Fy
Enables inversion caused ! (p) : Disables inversion caused by loading of
by Ioadmg.of the up- the up-counter value into CAP2.
counter value into CAP1. :
131190

Figure 3.7 (5) One-Shot Pulse Output (without Delay)

@ Frequency measurement

The frequency of the external clock can be measured in this mode. The clock is
input through the TI4 pin, and its frequency is measured by the 8-bit timers
(Timer 0 and Timer 1) and the 16-bit timer/event counter (Timer 4).

The T4 pin input should be selected for the input clock of Timer 4. The value of
the up-counter is loaded into the capture register CAP1 at the rise edge of the
timer flip-flop TFF1 of 8-bit timers (Timer 0 and Timer 1), and into CAP2 at its fall
edge.

The frequency is calculated by the difference between the loaded values in
CAP1 and CAP2 when the interrupt (INTTO or INTT1) is generated by either 8-bit
timer.
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coemaoss TMAL. .. - AL _.
TFF1 Yﬂl g* ! !_
Loading UC16 into CAP1 : ¢l E " 1 '
L 3
Loading UC16 into CAP2 \\ E !] 2 : | c2
TNTTQ/INTT1 n ﬂ— " "

010289

Figure 3.7 (6) Frequency Measurement

For example, if the value for the level “1” width of TFF1 of the 8-bit timer is set to
0.5 sec. and the difference between CAP1 and CAP2 is 100, the frequency will be
100/0.5 [sec.]=200[Hz].

@  Pulse width measurement

This mode allows to measure the “H” level width of an external pulse. While
keeping the 16-bit timer/event counter counting (free-running) with the internal
clock input, the external pulse is input through the TI4 pin. Then the capture
function is used to load the UC16 values into CAP1 and CAP2 at the rising edge
and falling edge of the external trigger pulse respectively. The interrupt INT1
occurs at the falling edge of TI4.

The pulse width is obtained from the difference between the values of CAP1 and
CAP2 and the internal clock cycle.

For example, if the internal clock is 0.8 microseconds and the difference
between CAP1 and CAP2 is 100, the pulse width will be 100 X 0.8 = 80
microseconds. '

Count clock "ﬂmm

(internal ¢lock) [ 4

C1 )
Tid pin
(external pulse) H ' i
Ci ] " C1
1

Loading UC16 into CAP1
1
( \[I c2

Loading UC16 into CAP2 y
\ i'L

I

L

— s |

INT1

121190

Figure 3.7 (7) Pulse Width Measurement

Note: Only in this pulse width measuring mode (T4MOD<CAPM1,0>> =10), external interrupt
INT1 occurs at the falling edge of TI4 pin input. In other modes, it occurs at the rising edge.

MCU90-591




TOSHIBA (UC/UP) S4E D ER 9097249 00211k7 9k7 -TOSj:

TOSHIBA TMP90C844

The width of “L” level can be measured from the difference between the first C2
and the second C1 at the second INT1 interrupt.

@ Time difference measurement

This mode is used to measure the difference in time between the rising edges of
external pulses input through TI4 and TI5.

Keep the 16-bit timer/event counter (Timer 4) counting (free-running) with the
internal clock, and load the UC16 value into CAP1 at the rising edge of the input
pulse to TI4. Then the interrupt INT1 is generated.

Similarly, the UC16 value is loaded into CAP2 at the rising edge of the input
pulse to TI5, generating the interrupt INT2.

The time difference between these pulses can be obtained from the difference
between the time counts at which loading the up-counter value into CAP1 and
CAP2 has been done.

Count clock """"" —_——— __Jm.mm_ _____

(internal clock) c c2

Tl4 pin input

TIS pininput

sy

]
/‘

Loading UC16 into CAP1 {\

Loading UC16 into CAP2

INT1

L~
7
Iininininir—— daby piaindubed-—— gluly i

INT2

! Time difference H

Figure 3.7 (8) Time Difference Measurement
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3.8 Stepping Motor Control/Pattern Generation Port (P6 and P7)

TMP90C844 contains 2 channels (M0 and M1) of 4-bit hardware stepping motor
control/pattern generation ports (herein after called SMC) which actuate in
synchronization with the (8-bit/i6-bit) timers. The SMCs (M0 and M1) are shared by 4-
bit I/0 ports P6 and P7.

Channel 0 (M0) is synchronous with 8-bit timer 0 or timer 1, and channel 1 (M1) is
synchronous with 8-bit timer 2 or timer 3 or 16-bit timer 4, to update the output.

The SMC ports are controlled by three control registers P67CR, P67FR, and TRDC
and can select either stepping motor control mode or pattern generation mode.

3.8.1 Control Registers
(1) Ports 6 and 7 I/O selection register (P67CR)

This register specifies either input or output for each bit of the 4-bit I/O ports 6 and 7.
When reset, all bits of P67CR are cleared to “0”, so that port 6 and port 7 function as
input ports. To use port 6 and port 7 as SMC, set all bits of P67CR to “1”, specifying
them as output pins.

P67CR is a write-only register and so cannot be read.

(2) Ports 6 and 7 function control register (P67FR)

This register is used for setting port 6 and port 7 as SMC. To use port 6 and port 7 as
SMC, set P6TFR<MO0S>/<M1S> to “1”.

With P67<PAT0>/<PAT1>, set SMC in either 8-bit write mode or 4-bit write
mode. In 4-bit write mode, writing the SMC is executed only on the 4-bit shift alternate
register, and SMC functions as a pattern generation port.

To use SMC as a stepping motor control port, select the method of excitation and the
method to control the direction of rotation by P67FR<MOM>/<M1M> and
P67TFR<CCWO0>/<CCW1>, respectively.

(3) Selecting the channel 1 synchronizing timer (TRDC)

With TRDC<M1T >, select a timer which synchronizes SMC channel 1 (M1). When
<M1T?> =0, M1 is synchronous with timer 2 or timer 3, while when <M1T>=11itis
synchronous with timer 4,
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(4) Porté

This is a 4-bit I/O port allocated to address FFCB.

The lower 4 bits are assigned as port 6, while the upper 4 bits function as the shifter
alternate register SA6 which is used in pattern generation mode or to drive the stepping
motor by 1-2 excitation.

(5) Port7

This is a 4-bit I/O port and allocated to address FFCC.

The lower 4 bits are assigned as port 7, while the upper 4 bits function as the shifter
alternate register SA7 which is used in pattern generation mode or to drive the stepping
motor by 1-2 excitation.

7 {6 i s i 4 f 3 i 2 i 1 i 0
F67CR bitSymbol | P73C i p72C { P71C : P70C P63C i P62C | P6IC { P6OC
(FFCDH) Read/Write ' W . _ W i
Afterreset | 0 1 0o ! o I o i o f{ o i 0 i o
Function 0:In 1:0ut i 0:ln 1:0ut
L I ]
I:Slelect Port6 1/Q
{on bit basis)
0 |input

> Select Port 7 1/Q
(on bit basis)

121190

Figure 3.8 (1) Port 6 and Port 7 /O Selection Register (P67CR)
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7 P s 15 b4 b3 b2 o1 i
F67FR | DitSymbol | PAT1 : COW1 | MIM ;| MIS | PATO i COWO i MOM i Mos
(FFDOH) Read/Write ) RNV . i RIW )

After reset 0o 0 0 0 0 0 0 0

o: Bbit  i0:Normal |0:1 i0:General- ip: B-bit §0:Normal 001 L {0:General-
write i rotation :  excitation: purpose write ¢ rotation ! excitation: purpase
Function ; Poorz LGPt : Porz i port
H ;  excitation: SMC H :1 R :1 e‘xgltatlon:l SMC
. Abi i 1:Reverse :1:1-2 i P4. abi i 1:Reverse  :1:1- A H
t “f't i rotation : excitation: A “?'t i rotation © excitation:
write H H H write H H H

|—»Selec’(ing the function of Port6
0 | General-purpose port

"} |Stepping motor controlipattern
generation port ¢ (M0) )

——Stepping motor control port 0 mode
{excitation)

0 |1 or 2 excitation (full step)

1 | 1-2 excitation (half step)

——=Rotating direction of stepping motor
control port 0

0 | Normal rotation

1 |Reverse rotation

—-———-Selecting port 6 write mode
0 |8-bitwrite

4-bit write
1 | (Pattern generation mode)

(Only shifter alternate register can be
written.)

Figure 3.8 (2a) Port 6 and Port 7 Function Control Register (P67FR)
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7 L 6 i s { a {3 i 2 i 1 1 0
Eg7FR |LDitSymbol | PATI P cowl [ MIM i M1S | PATO i COWO i MOM i MOS
(FFDOH) Read/Write RIW : RIW
After reset o : o { o0 { o i ©6 i o { o i 0
0: 8-bit  0:Normal (0:1 io:General- (0: 8-bit  O:Normal fon1 {0:Generak
write . rotation  excitation: purpose ! yite rotation [ exctation! purpose
Function : forz i opot i : Por2
: e CiReverse L1iT2 o i1:sMC
. . s 1R 11:1-2 A H i1 P A H s 11 1z
n: :::':E r:tva?t‘i.::% excitationé i :;:,:e ! rotation : excitation:

Selecting the function of port 7

0 | General-purpose port

1 Stepping motor control/pattern
generation port 1 (M1)

L———>Stepping motor control port 1 mode
{excitation)

0 |1 or 2 excitation (full step)

1 | 1-2 excitation (half step)

»Rotating direction of stepping motor
control port 1

0 {Normal rotation

—-Selecting port 7 write mode
0 | 8-bit write

4-bit write

1 |{Pattern generation mode)

{Only shifter alternate register can be
writien.)

- Figure 3.8 {(2b) Port 6 and Port 7 Function Control Register (P67FR)
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7 6 5 4 3 P o2 § o1 i o
bitSymbol | mMIT : { TRADE @ TR2DE | TRODE
TRDC ; : : + i
(FFDBH) Read/Write RW : R'W
After reset e : : 0 i 0 0
O:TimerZ:E { 0: Double Buffer Disable
or3
tl:lgger i 1: Double Buffer Enable
1:Timer4: H
trigger : :
L RIW |

Explained in 3.6 “8-Bit Timer”

Selecting the shift trigger of port 7
(M10~M13)
0 |Timer2or3

1 [Timera
( Shift trigger generating timer for stepping motor )
contral/pattern generation

Figure 3.8 (3) Timer Register Double Buffer Control Register (TRDC)

7 i 6 i s i & i 3 2 i o1 i
pg |Ditsymbol | SA63 | sA62 | sSA61 i SA6D i P63 : P62 i P61 | P6D
(FFCBH) Read/Write w RAW
After reset Undefined H Input mode
Shift alternﬁz[ggisgz;&{or stepping Shared by stepping motor control port 0
1
L e ponts
Shift alternate register 0 for stepping
motor control
7 i 8 Pos boa i3 f 2 i 1 i oo
p7 bitSymbol | SA73 : SA72 ! SA71 : SA70 i P73 i P7TZ i P71 i P70
Read/Write w RIW
(FFCCH)
After reset Undefined Input mode
Shift alternar;c‘%;:?::sggyoml‘or stepping Shared by stepping motor control port 1

i
I—> Port7

Shift alternate register 1 for stepping
motor control

Figure 3.8(4) Port6andPort7

MCU90-597




TOSHIBA (UC/UP) cyE D WM 9097249 0021173 16D EMTOS3

TOSHIBA TMP90C844

3.8.2 Pattern Generation Mode

SMC functions as a pattern generation port according to the setting of
P67FR<PAT1>/<PATO0>. In this mode, because writing from CPU is executed only
on the shifter alternate register, writing ports 6 and 7 can be done during the interrupt
operation of the timer for shift trigger and a pattern can be output, synchronous with the
timer.

In this mode, P67FR<M1M>/<MOM > must be always set to “1”.

Figure 3.8 (5) shows the block diagram of this mode.

Output latch
shift alternate register [—
- LATCH63 [] M03 (P63)
- =l SA63
> ¢ 1
2 LATCH62 »{ ] MO02 (P62)
wle—> sA62
o T 1
o LATCH61 [ MO1 (P61)
- I o J
C | > SA61
~ LATCHE0 {1 M00 (P60)
< > SA60
4 . .
Shift due to the shift trigger from timer

Figure 3.8(5) Pattern Generation Mode Block Diagram (Port 6)

In this pattern generation mode, only writing the output latch is disabled by
hardware, but other functions do the same operation as 1-2 excitation in stepping motor
control port mode. Accordingly, the data shifted by trigger signal from a timer must be
written before the next trigger signal is output.
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3.8.3 Stepping Motor Control Mode
(1) 4-phase 1-Step/2-Step Excitation

Figure 3.8 (6) and Figure 3.8 (7) show the output waveforms of 4-phase 1 excitation
and 4-phase 2 excitation, respectively when channel ( is selected.

Sets cycle by timer 0 or timer 1

frodget sanal n 1 n n n n 1
MO0 (P60) [=]4] b3 I b2 Ib1 b0 I I
MO1{P61) b1 b0 b3 Ib2 Ib1 I

M02 (P62) - b2 b1 b0 b3 l b2 I
MO3 (P63) b3 b2 b1 b0 b3 I I

initial value P6 (x x x x 0100) Note: bn indicates the initial value of P8
(X x X xb3 b2b1b0).
@® Normal Rotation
Trigger signal
from timer n l I n n n n n

1 ez | L
MO0 F60) bo b b2 b3 b0

b3
Mot sy | b1 b2 b0 b1 I ]
MO2(P62) .92 | 03 b0 b1 [o2 |
M03 {P63) b3 b0 b1 Ib2 Ih3

Initial value P6 (x x x x0100)

® Reverse Rotation

Figure 3.8 (6) Output Waveforms of 4-Phase 1-step Excitation
(Normal Rotation and Reverse Rotation)
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Trigger signal
from timer n I-I J-I |-| n I.I n
MO0 (P60} ibo Jv3 b2 Ib1 bo [ |
MO1 (P61) b1 bo b3 b2 | |
Mmo2(p62) b2 I bi b0 fb3 b2 |
MO3 (P63) b3 b2 I bt bo I b3 I

Initial value P6 (x x x x 1100)

Figure 3.8 (7) Output Waveforms of 4-Phase 2-step Excitation (Normal Rotation)

The operation when channel 0 is selected is explained below.

The output latch of MO (also used as P6) is shifted at the rising edge of the trigger
signal from the timer to be output to the port.

The direction of shift is specified by P67TFR<CCWO0>: Normal rotation
(M00—->M01->M02->M03) when <CCWO0> is set to “0”; reverse rotation
(M00«<M01<-M02<-M03) when “1”. 4-phase 1-step excitation will be selected when
only one bit is set to “1” during the initialization of port 6, while 4-phase 2-step
excitation will be selected when two consecutive bits are set to “1”.

Figure 3.8 (8) shows the block diagram.

Output latc
Shift alternate Register | T L .
- LATCHS3 »[] MO3 (P63)
v
e SA63
a AL
_ = LATCH62 =[] MO02 (P62)
ol sae2 I3l
@ »| LATCH&1 »[ ] MO1 (P61)
+~
Cle > SA61
- AL
> — LATCH60 »[_] MO0 (P60)
- SAGO !

fL is showing to shift the signal at the
rising edge of trigger signal from
timer.

Figure 3.8 (8) Block Diagram of 4-Phase 1-step Excitation/2-step Excitation
{Normal Rotation)
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(2) 4-Phase 1-2 step Excitation

Figure 3.8 (9) shows the output waveforms of 4-phase 1-2 step excitation when
channel 0 is selected.

Trigger signal
from timer I I I'I n rL I'L n I-I
‘b0 b4 b3 b7 b2 b6 b1 5
MO0 (P60) | [b b
;
Mot (PET) bS ko ba [b3 b b2 Lbs
Mo2(PE2) | b2 I b6 b1 bS bo b4 b3 b7
mMo3(pe3) b3 b7 b2 3 b1 b5 b0 b
Initial value P6 (10001100) Note: bn denotes the initial value P8 (b7 b6 b5 b4 b3 b2 b1 bo).

D  Normal Rotation

Trigger signa! : n rl n I'I n I'I I'L

MO0 (P60) 20 bS Db b6 b2 b7 b3 | bs
MO1 (P61) ol 86 fp2 b7 ba | b4 bo bS
M02 (P62) b2 b7 b3 [ b4 bo bs b1 b6
MO03 (P63) b3 b b0 bs b1 b6 [b2 b7

i

Initial value P6 (10001100}

@ Reverse Rotation

Figure 3.8(9) Output Waveforms of 4-Phase 1-2 step Excitation

(Normal Rotation and Reverse Rotation)
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The initialization for 4-phase 1-2 step excitation is as follows.

By rearranging the initial value “b7 b6 b5 b4 b3 b2 b1 b0” to “b3 b7 b2 b6 bl b5 b0
b4”, the consecutive 3 bits are set to “1” and other bits are set to “0” (positive logic).

For example, if b3, b7, and b2 are set to “1”, the initial value becomes “10001100”,
obtaining the output waveforms as shown in Figure 3.8 (9).

To get an output waveform of negative logic, set values 1’s and 0’s of the initial value
should be inverted. For example, to change the output waveform shown in Figure 3.8 (9)
into negative logic, change the initial value to “01110011”.

The operation will be explained below for channel 0.

The output latch of MO (shared by P6) and the shifter alternate register (SA6) for
stepping motor control are shifted at the rising edge of trigger signal from the timer to
be output to the port. The direction of shift is set by P6TFR<CCWO0>.

Figure 3.8 (10) shows the block diagram.
Output latch
Shift alternate register
b3’ L
LATCH63 =[] M03 (P63)
I )
L
b7 > SA63
) ﬂ_l
w |22 > LATCH62 [J™mo2 (p62)
-
o l = 3
)
1L > SAG2
c  S— Il
ol | LaTCHB1 []Mo1 (P61)
- — -
bS SA61
'} g
[
0 LATCH60 [] M00 (P60)
I L}
L
b4 > SA60
)

L is showing to shift the signal at the rising
edge of trigger signal from the timer. 121190

Figure 3.8 (10) Block Diagram of 4-Phase 1-2 step Excitation (Normal -Rotation)
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Setting example: To drive channel 0 (M0) by 4-phase 1-2 step excitation (normal
rotation) when timer 0 is selected, set each register as follows.

TRUN « - ------ 0 Stop timer 0, and clear it to zero.

TOIMOD- 0 0 X X - -0 1 Set 8-bit timer mode and select ¢T1 as the input clock of timer 0.
TFFCR ¢ - - - -1 010 Clear TFF1 to zero and enable the inversion trigger by timer 0.
TREGD « * * # * + & & & Set the cycle in timer register.

P67CR ¢ - - - - 1111 Set all P6 bits to the cutput mode.

P67FR ¢ - - - - 0011 Select 4-phase 1-2 step excitation mode and normal rotation .
P6 «10001100 Set an initial value.

TRUN ¢ - ~-1~----1 Start timer Q.

(Note) X;Don't care - ;No change

3.8.4 Trigger Signal From Timer

The trigger signal from the timer which is used by SMC is not equal to the reverse
trigger signal of each timer flip-flop (TFF1, TFF3, TFF4, and TFF5) and differs as shown
in Table 3.8 (1) depending on the operation mode of the timer.

Table 3.8 (1) 8-Bit Timers 0 and 1 (Same for timers 2 and 3)

TFF1 inversion SMC shift

Selected by TFFCRO (FF115} when
8-bit timer mode | the up-counter value matches -—
TREGO or TREG1 value.

When the up-counter value

matches with both TREGO and
TREG1 values (The value of up- D
counter = TREG1*28 + TREGO)

16-bit timer mode

When the up-counter value When the up-counter value
PPG output mode |matches with both TREGO and matches TREG1 value (PPG
TREG1 cycle)

When the up-counter value
matches TREGO value at PWM
cycle,

PWM output
mode

Trigger signal for SMC shift.is
not output.

Note: To shift SMC, TFFCR <FF1IE > must be set to “1” to enable TFF1 inversion.

Channel 1 of SMC can be synchronized with the 16-bit timer. In this case, the SMC
shift trigger signal from the 16-bit timer is output only when the up-counter value
matches TREGS5. Set either TAFFCR<EQ5T4> or TAMOD <EQ5T5>t0 “1”.
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3.8.5 Application of SMC and Timer Output

As explained in 8.8.4 “Trigger signal from timer”, the timing to shift SMC and invert
TFF differs depending on the mode of timer. An application to operate SMC while
operating an 8-bit timer in PPG mode will be explained below.

To drive a stepping motor, in addition to the value of each phase (SMC output),
synchronizing signal is often required at the timing when excitation is changed over. In
this application, noting this fact, port 6 is used as a stepping motor control port to output
a synchronizing signal to the TO1 pin (shared by P40).

TREG1 >
MOO (P60) | |

MO1 (P61) | L
MO2 (P62) _l —
MO3(P63) | |

Output Waveforms of 4-Phase 1-step Excitation

Setting example:

« 76543210

TRUN ¢ - - - - - - 00 Stop timer 0, and clear it to zero.

TOIMOD+ 10X XXX01 Set timer 0 and timer 1 in PPG output mode and select
¢T1 as the input clock.

TFFCR « 11 --011X Enable TFF1 inversion and set TFF1 to “1”.

TREGO « * * * * * % % * Set the duty of TO1 for TREGD.

TREGL « * * * * & + * & Set the cycle of TO1 for TREG1.

PAFR « - - XX---1

PACR & = - — = = = = 1 }AssignP40asT01.

PE7FR ¢ - - - -0001 Set P6 as SMCin 4-phase 1-step excitation mode.

P67CR « -~ - 1111 Set all P6 bits to output mode.

P6 « 8 EE kAR Setan initial value.

TRUN ¢ - -1---11 Start timer 0 and timer 1.

(Note) X;Don’t care - ;No change
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3.9 Serial Channel

TMP90C844 contains a serial I/O channel for full duplex asynchronous transmission
(UART) as well as for I/O extension.
The serial channel has the following operation modes.

— * I/O interface mode Mode 0: To transmit and receive I/O data as well as the

synchronizing signal SCLK for extending I/O.

|_* Asynchronous

Mode 1; 7-bitdata
transmission (UART) mode Mode 2: 8-bit data

Mode 3: 9-bit data

In mode 1 and mode 2, a parity bit can be added. Mode 3 has wake-up function for
making the master controller start slave controllers in serial link (multi-controller
system).

Figure 3.9 (1) shows the data format (for one frame} in each mode.

* Mode 0 (I/O interface mode)

-----

-«— Transfer direction

* Mode 1(7-bit UART mode)

”“\ﬁartAbitOX 1 X 2 X 3 X 4 X 5 X 6 )/stop
BV 'S T 0 O 0 0 2 2

* Mode 2 (8-bit UART mode)

N foreY XYY XY X Yo
\ewore foreaY 7 X2 X3 X o X5 X o X7 WorYoor

* Mode 3 (9-bit UART mode)
AT 00000000
\start\KbitOX 1 X 2 X 3 X 4 X 5 X 6 x 7 Xbit&Ystop (.V-V.a.ke-up)

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

Figure 3.9 (1) Data Formats
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The serial channel has a buffer register for transmitting and receiving operations, in
order to temporarily store transmitted or received data, so that transmitting and
receiving operations can be done independently (full duplex). '

However, in I/O interface mode, SCLK (serial clock) pin is commonly used for both
transmission and receiving, the channel becomes half-duplex.

The receiving buffer register is of a double buffer structure to prevent the occurrence
of overrun error and provides one frame of margin before CPU reads the received data.
Namely, the one buffer stores the already received data while the other buffer receives
the next frame 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 the transmission buffer becomes empty and requests the CPU to send the next
transmission data, or when data is stored in the transmission buffer and the CPU is
requested to read the data, INTTX or INTRX interrupt occurs. Besides, if an overrun
error, parity error, or framing error occurs during receiving operation, flag
SCCR<OERR, PERR, FERR> will be set.

In I/O interface mode, it is possible to input synchronous signals as well as to transmit
or receive data by external clock.

The serial channel includes a special baud rate generator, which can set any baud
rate by dividing the frequency of 4 clocks (T0, ¢ T2, ¢T8, and ¢ T32) from the internal
prescaler (shared by 8-bit/16-bit timer) by the value 2 to 16.
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3.9.1 Control Registers

The serial channel is controlled by 4 control registers SCMOD, SCCR, BRGCR, and

P23FR. Transmitted and received data are stored in register SCBUF.

SCMOD
(FFEGH)

7 6 C 3 o2 i 0
bitSymbol | TB8 iredtoroi RXE i WU i SM1 { SMO | SC1 SCO
Read/Write R/W
After reset |Undefined: 0 0 : 0 : 0 0 0 : 0

Transfer } i i i 00:VOInterface |  00:TO2TRG
. data ! ! Receive | WakeUpi 01: UART 7Bit 01: BRG Made
Function N H : H .
Bit8 : Enable : Enable : 10: UART 8Bit 10: ¢1
H ; i 11: UART 9Bit 1": -
E 1
— |
l—»Serial transmission clock
UART mode /O interface
00 | Timer 2 match
....... detectsignal | External clock
01 | Baud rate or
generator
............................................ baud rate
10 | Internal clock ¢1 generator
11 | Reserved
(cannot be used)
——-Serial transmission mode

UART mode

110 interface mode

9-bit length

Wake-up function

9-bit UART

Other mode

Interrupt when
data are received.
Interrupt only
whenRB8 = 1.

don’t care

——— > Enable receiving

Disable

o

Transmission data bit 8

Figure 3.9 (2) Serial Channel Mode Register (SCMOD)
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7§ e o5 i a4 i3 i 2 4 a1 i oo
bitSymbol | RB8 : EVEN ! PE i OERR | PERR | FERR . SCLKC  10C

SCCR

(FFE7H) Read/Write R RW iR (Cleared 1o zero when read) : W
Afterreset [Undefined: 0 : 0 ¢ 0 { 0 { 0 0 i ©
Received Parity 1 Parity 1: Error 10: SCLK  i0: SCLK

data | 0:Odd : Enable} Overrun {Parity i Framing (_A"“ ) output
Bit8 | 1:EVEN : i H H i1:SCLK 11: SCLK
= ’ TV )i input

Function

l: Select SCLK /O

0 |SCLK output mode

“1{sclKinputmode
|——> Edge selection in SCLK input mode
0 | Transmits and receives data at the
rise edge of SCLK(_{~ ).

1 |Transmits and receives data at the
fall edge of SCLK( ™ ¥_).

l——» Framing error flag Cleared to
L » Parity error flag zero when
| . Overrun errorflag read.

——> Enable parity addition
*| 0 |Disable

Enable

» Addition/check of even parity
*| 0 |Odd parity

Even parity

Receiving data bit 8

Nate: As all error flags are cleared after reading, do not test only a single bit with a bit-testing
instruction.

Figure 3.9 (3) Serial Channel Control Register (SCCR)

7 6 5 4 3 2 1 Y

TB7 | TB6 : TB5 i TB4  TB3 ; TB2 ; TB1 : TBO |{Transmission)

SCBUF

FFE8H
¢ ) 6 5 4 3 2 1 0

RB7 | RB6 | RB5 | RB4 | RB3 : RB2 : RB1 : RBO |(Receiving)
: i H i i : : 121190

Figure 3.9(4) Serial Transmission/Receiving Buffer Registers (SCBUF)
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7 i 6 i s i a4 i o3 i 2 i @ i g
bit Symbol | Fixed to “0 i BG1 i BGO i PS3 i PS2 | PST i PsO
BRGCR Read/Write 5 i RAW
(FFEOH) ; : ; : = ; :
After reset 0 : ; 0 : 0 : 0 : 0 : 0 0
; t00: fud :
Function 01: fe/16 Divided frequency of prescaler
10; fe/64
11: fr256
[ I
Setting of the divided
frequency of baud rate
generator
0000 16 divisions
0010
§ 210 15 divisions
1111
"0001" cannotbe set.

—» Selecting the input dlock of
baud rate generator

00 |internal clock ¢TO (fc/4)

11 |Internal clock $T32 (fc/256)

Note: To use the baud rate generator, set TRUN <PRRUN > to “1”, putting the prescaler in RUN

mode.

Figure 3.9 (5) Baud Rate Generator Control Registers (BRGCR)
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7 i 6 (s i 4 i 3 i 2 i 1 i o0
bitSymbol | ODE i TXDC i SCLKC i RWS : SLAVE irFixedto“0"; Fixedto"0"; Fixedto 0"

P23FR .
Read/Mrit RW

(FFCEH) [————— . . : . . .
After reset 0 -: 0 : 0 : 0 H 0 H 0 0 : 0
Function |P37 ip37 ip36 P30, P31 ;Slave FNC} i

0: CMOS Econtrol icontrol icontrol i1:P2=Busi
1:Open i0:Port i0:Port :0: WR,RD:P30~P34 ;
Drain output§ outputél:DS,RlW% =CTL :
M:TxD itSaK

! output i output |

Explained in 3.12
“Slave Bus Interface”

—» Setting P36 as SCLK output
0 | Port output

“17|'sCLK output

Setting P37 as TxD output
0 |Port output

1|0 output

» Setting P37 as open drain output
0 |CMOS output

1 | Open drain output

Figure 3.9(6) Port 2 and Port 3 Function Registers (P23FR)
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3.9.2 Configuration
Figure 3.9 (7) shows the block diagram of the serial channel.
---------- Serial clock generation circuit ~———~--—mr=--=--=m=—uun
* Frequency divider
TO2TRG (Timer 2 comparator output)

r
]
1
: BRGCR<BG1,0>
]
t
1

ED - 9097249 002118k 819 B TOS3

1
[}
i
i
=gy en——— L]
1 A 1 [ [ H
[ - i |—> o Q E
' $T0 (fc/d) s 2 E ° MR ! 3l0CLK
I $T2(fc/16) v e i o et :
| 478 (fc/64) S ol o | UART p i
HgT32(fv256) —>{ & | [~ | ! © | moder™ w ;
i : K |
' t- Baudrate ----i SCMOD SCMOD !
141 (fa2) generator <sC1,0> <5M1,0> !
[} ]
: ‘ :
] 1
t g 1
= E—- g |
[} 1
1 bt 1
: v :
» |WOinterface mode 1
SCLK input O - @ inte :
(sharedby ! :
L it R —— ’
SCLK SCCR<IOC>
output INTRX INTTX
(shared by P36) 4 \
Receive Serial channel Transmission
counter SCMOD_, | intarrupt counter
(+16) <WU> | control (+16)
RXDCLK ¥ 3 4 1 TXDCLK § )
SCMOD—>f  Receive Transmission
<RxE> control <1L > control
SCCR  SCCR
<PE> <EVEN>
1 Parity control
RxD |:|_T>| Receive buffer 1 (shift register) I
(shared by
P35} \ )

| R88 | Receivebutfer2(scaur) | [erorfiag | | |[ T8 [Transmission butfer (scBUR o,
P 1 (shared by P37)
SCCR

<OERR, PERR, FERR>

Internal bus

Figure 3.9 (7) Block Diagram of the Serial Channel
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@ Baud rate generator

Baud rate generator comprises a circuit that generates transmission and
receiving clocks to determine the transfer rate of the serial channel.

The input clock to the baud rate generator, gTO (fc/4), $T2 (fc/16), T8 (fc/64),
or ¢T32 (fc/256) is generated by the 9-bit prescaler which is shared by the timers.
One of these input clocks is selected by the baud rate generator control register
BRGCR<BG1,0>.

The baud rate generator includes a 4-bit frequency divider, which divides
frequency by 2 to 16 values to determine the transfer rate.

How to calculate a transfer rate when the baud rate generator is used is
explained below.

* UART mode

Input clock of baud rate generator .
— +16
Frequency divisor of baud rate generator

Transfer rate=

* I/O interface mode

Input clock of baud rate generator
Frequency divisor of baud rate generator

Transfer rate=

The relation between the input clock and the source clock (fc) is as follows.
¢ T0=fc/4
¢ T2=1c/16
sT8=fc/64
¢ T32=£c/256

Accordingly, when source clock fc is 12.288 MHz, input clock is ¢ T2 (fc/16), and
frequency divisor is 5, the transfer rate in UART mode becomes as follows:

fc/16

16
5 -

Transfer rate=
=12.288 X 10%/16/5/16 =9600 (bps)

Table 3.9 (1) shows an example of the transfer rate in UART mode.

Also with 8-bit timer 2, the serial channel can get a transfer rate. Table 3.9 (2)
shows an example of baud rate using timer 2.
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Table 3.9 (1) Selection of Transfer Rate (1) (When Baud Rate Generator Is Used)

Source clock Input clock $TO $T2 $T8 $T32
(fo) Frequency (FC/8) (FC/16) (FC/64) {FC/256)
9.8304MHZ Units: Kbps
2 76.800 19.200 4.300 1.200
4 38.400 9.600 2.400 0.600
8 19.200 4.800 1.200 0.300
0 9.600 2.400 0.600 0.150
12.288MHZ
5 38.400 9.600 2.400 0.600
A 19.200 4.300 ©1.200 0.300
14.7456MHZ
3 76.800 19.200 4.800 1.200
38.400 9.600 2.400 0.600
C 19.200 4.800 1.200 0.300

Table 3.9(2) Selection of Transfer Rate (2)
{When Timer 2 (input Clock 4T1) Is Used)  Units:Kbps

fe 12.288 12 9.8304 8 6.144
TREG2 MHz MHz MHz MHz MHz
1H 96 76.8 62.5 48
2H 48 38.4 31.25 24
3H 32 31.25 16
4H 24 19.2 12
5H 19.2 9.6
8H 12 9.6 6
AH 9.6 4.8
10H 6 4.8 3
14H 48 24
131190

How to calculate the transfer rate (when timer 2 is used):

1 1
Transferrate = TREG3 X 76 X(nputclock of timer 2)
Input clock of timer 2
$T1 = fug
$T4 =T/
$TI6 = fe/128
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@

@

Serial clock generation circuit
This circuit generates the basic clock for transmitting and receiving data.

1) I/O interface mode
When in SCLK output mode with the setting of SCCR<IOC> =“0", the basm
clock will be generated by dividing by 2 the output of the baud rate generator
described before. When in SCLK input mode with the setting of SCCR<IOC> =
“1”, the rising edge or falling edge will be detected according to the setting of
SCCR<SCLKC> register to generate the basic clock.

2) Asynchronous communication (UART) mode
According to the setting of SCMOD <SC1,0>, the above baud rate generator
clock, internal clock ¢1 (fc/2) (312.5 Kbaud at 10 MHz), or the match detect signal
from timer 2 will be selected to generate the basic clock SIOCK.

Receiving counter

The receiving counter is a 4-bit binary counter used in asynchronous
communication (UART) mode and counts up by SIOCLK clock. 16 pulses of
SIOCLK are used for receiving 1 bit of data, and the data bit is sampled three
times at 7th, 8th and 9th clock.

With the three samples, the received data is evaluated by the rule of majority.

For example, if the sampled data bit is “1”, “0” and “1” at Tth, 8th and 9th clock
respectively, 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

When in SCLK output mode with the setting of SCCR<IOC> =“0", RxD signal
will be sampled at the rising edge of shift clock which is output to SCLK pin.

When in SCLK input mode with the setting SCCR <IOC> =“1" RxD signal will
be sampled at the rising edge or falling edge of SCLK input according to the setting
of SCCR<SCLKC > register.

2) Asynchronous communication (UART) mode

The receiving control has 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
normal start bit and the receiving operation is started.

Data being received are also evaluated by the rule of majority.
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®  Receiving buffer

To prevent overrun from occurring, the receiving buffer has a double structure.
Received data are stored one bit by one bit in the receiving buffer 1 (shift register
type). When 7 bits or 8 bits of data is stored in the receiving buffer 1, the stored
data are transferred to another receiving buffer 2 (SCBUF), generating an
interrupt INTRX. The CPU reads only receiving buffer 2 (SCBUF). Even before
the CPU reads the receiving buffer 2 (SCBUF), the received data can be stored in
the receiving buffer 1. However, unless the receiving buffer 2 (SCBUF) is read
before all bits of the next data are received by the receiving buffer 1, an overrun
error occurs. If an overrun error occurs, the contents of the receiving buffer 1 will
be lost, although the contents of the receiving buffer 2 and SCCR<RB8 > is still
preserved. :

The parity bit added in 8-bit UART mode and the most significant bit (MSB) in
9-bit UART mode are stored in SCCR<RB8>.

When in 9-bit UART mode, the wake-up function of the slave controllers is
enabled by setting SCMOD <WU > to “1”, and interrupt INTRX occurs only when
SCCR<RB8> is set to “1”.

® Transmission counter

Transmission counter is a 4-bit binary counter which is used in asynchronous
communication (UART) mode and, like a receiving counter, counts by SIOCLK
clock, generating TxDCLK every 16 clock pulses.

soak LI NN N A NRAAANNNARNRJT

15 16 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 0% 2
1t
I

TXDCLK I.LI I.i]

@  Transmission controller
1) I/O interface mode

In SCLK output mode with the setting of SCCR<IOC > =“0", the data in the
transmission buffer are output bit by bit to TxD pin at the rising edge of shift clock
which is output from SCLK pin.

In SCLK input mode with the setting of SCCR<IOC>=*1", the data in the
transmission buffer are output bit by bit to TxD pin at the rising edge or falling
edge of SCLK input according to the setting of SCCR<SCLKC > register.

2) Asynchronous communication (UART) mode

When transmission data are written in the transmission buffer sent from the
CPU, transmission starts at the rising edge of the next TxDCLK, generating a
transmission shift clock TxDSFT.
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® Transmission buffer

Transmission buffer SCBUF shifts out and sends the transmission data written
from the CPU from the least significant bit (LSB) in order, using transmission
shift clock TxDSFT which is generated by the transmission control. When all bits
are shifted out, the transmission buffer becomes empty and generates INTTX
interrupt.

® Parity control circuit

When serial channel control register SCCR<PE > is set to “1”, it is possible to
transmit and receive data with parity. However, parity can be added only in 7-bit
UART or 8-bit UART mode. With SCCR<EVEN > register, even (odd) parity can
be selected.

For transmission, parity is automatically generated according to the data
written in the transmission buffer SCBUF, and data are transmitted after being
stored in SCBUF<TB7> when in 7-bit UART mode while in SCMOD<TB8>
when in 8-bit UART mode. <PE> and<EVEN > must be set before transmission
data are written in the transmission buffer.

For receiving, data are shifted in the receiving buffer 1, and parity is added
after the data are transferred in the receiving buffer 2 (SCBUF), and then
compared with <RB7> of SCBUF when in 7-bit UART mode and with
SCCR<RB8> when in 8-bit UART mode. If they are not equal, a parity error
occurs, and SCCR<PERR> flag is set.

@ Errorflag

Three error flags are provided to increase the reliability of receiving data.

1. Overrun error (SCCR<OERR>)

If all bits of the next data are received in receiving buffer 1 while valid data are
stored in receiving buffer 2 (SCBUF), an overrun error will occur.

2. Parity error (SCCR<PERR>)

The parity generated for the data shifted in receiving buffer 2 (SCBUF) is
compared with the parity bit received from RxD pin. If they are not equal, a parity
error occurs.

3. Framing error (SCCR<FERR>)

The stop bit of received data is sampled three times around the center. If the
majority is “0”, a framing error occurs.
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@ Generating Timing

1) UART mode

Receiving

Mode

9 Bit

8 Bit + parity

8 Bit, 7 Bit + parity, 7 Bit

Center of last bit

Center of last bit

Interrupt timing (Bit8) (parity bit) Center of stop bit
F_r aming error Center of stop bit
timing

Parity error timing E:Bei:ts‘;r of lastbit ?::rtif; ::ift;aﬂ bit Center of stop bit
Overrun error Center of last bit Center of last bit .
timing (Bit 8) (parity bit) Center of stop bit

Note: Framing error occurs after an interrupt has occurred. Therefore, to check for
framing error during interrupt operation, it is necessary to wait for 1 bit period of

time,
Transmitting
Mode 9 Bit 8 Bit + parity 8 Bit, 7 Bit + parity, 7 Bit
Interrupt timing Just before last bit is - -

transmitted.
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3.9.3 Operational Description
Mode 0 {//O interface mode)

This mode is used to increase the number of I/O pins of TMP90C844 for transmitting
or receiving data to or from the external shifter register.
This mode includes SCLK output mode to output synchronous clock SCLK and SCLK
input mode to input external synchronous clock SCLK.

(1)

* Example of SCLK output mode connection

Output Input
extension extension
TMP90C840 Shift register A| — TMP90C840 Shiftregister A|
B| — B| -
TxD Sl C| > RxD |-= QH C| ==
D|— D| -
SCLK SCK Eji = SCLK > CLOCK E| =—
Fl = F| ==
Port RCK G| - Port S/t G| -—
H — H B ]
TC74HC595 or TC74HC165 or
the like the like
* Example of SCLK input mode connection
Output port Input port
extension extension
TMPO0C840 shiftregister A ~» TMP90C840 Shiftregister A «—
B| = B| «— §
TxD S| Cl RxD f«——— QH C| =—
D| = D| -
SCLK SCK E| — SCLK CLOCK E| =
F| — F| =
Port RCK G| > Port >(S/L G| -
H| > H| -~
TC74HC595 or TC74HC165 or
the like the like

External clock—-

External clock —

Figure 3.9 (8) I/O Interface Mode
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@ Transmission

In SCLK output mode, 8-bit data and synchronous clock are output from TxD
pin and SCLK pin, respectively, each time the CPU writes data in the
transmission buffer. When all data is output, IRFL<IRFTX> will be set to
generate INTTX interrupt.

Timing to write
t ansnguission nl 4

ata ‘ N v
SCLK output ~—t 4 L A L.“._A LA L_4

TxD X Bito X bitn X § X bite X btz X
TXDSFT n n (¢ n n n

1

IRFTX (INTTX « I

interrupt flag) "

Figure 3.9 (9) Transmitting Operation in /O Interface Mode (SCLK Output Mode)

In SCLK output mode, 8-bit data are output from TxD pin when SCLK input
becomes active while data are written in the transmission buffer by CPU.
When all data are output, <IRFTX> will be set to generate INTTX interrupt.

ngé'féz‘lué Rising edge mode) I_A I-—A I—h—A I_A I_A
Y v ™y I

SCLK input

{SCLKC = 1: Falling edge mode)

TxD X bito X bit1 XN bit5 X bit6 X bit7 X
TXDSFr n rL( n n

IRFTX ( I

L4

Figure 3.9 (10} Transmitting Operation in I/O Interface Mode (SCLK Input Mode)
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(2)

@  Receiving

In SCLK output mode, received data are read by the CPU, and synchronous
clock is output from SCLK pin and the next data are shifted in the receiving buffer
1 whenever the receive interrupt flag IRFL <IRFRX > is cleared. When 8-bit data
are received, the data will be transferred in the receiving buffer 2 (SCBUF), and
<IRFRX > will be set again to generate INTRX interrupt.

IRFH<IRFRX > i« | N
(NTRX interrupt flag) '\, ) ‘\
SCLK output N | | A L“..A 4 | X
RxD bit0 ) GTTED ALY CTTD TV 4
Timing to shift datain ﬂ

the receiving buffer 2

Figure 3.9 (11) Receiving Operation in I/O Interface Mode (SCLK Output Mode}

In SCLK input mode, received data are read by the CPU, and the next data is
shifted in the receiving buffer 1 when SCLK input becomes active while the
receive interrupt flag <IRFRX > is cleared. When 8-bit data is received, the data
will be shifted in the receiving buffer 2 (SCBUF), and <IRFRX > will be set again

to generate INTRX interrupt.
?;:(':-EKISZ% Rising edge mode) L——-r I—A I—SS—A I—A I_A

I v v v v

SCLK input
(SCLKC = 1: Falling edge mode)

RxD bit0 X oitt X iz, X bite X bit7

Timing to shift data n
in the receiving
buffer 2

Figure 3.9 (12) Receiving Operation in /O Interface Mode (SC'LK Input Mode)

For data reception, the system must be placed in the receive enable state
(SCMOD<RXE>=%1")

Mode 1 (7-bit UART Mode)

7-bit mode can be set by setting serial channel mode register SCMOD<SM1,0>to
“01”.

In this mode, a parity bit can be added, and the addition of a parity bit can be enabled
or disabled by serial channel control register.

MCU90-620




TOSHIBA (UC/UP) oy p WE 9097249 0021196 7hd EETOS3

TOSHIBA TMP90C844

SCCR<PE>, and even parity or odd parity is selected by SCCR<EVEN> when
<PE> isset to “1” (enable).

Setting example: When transmitting data with the following format, the control
registers should be set as described below.

"”\startl(bitOX 1 X 2 X3 X a X 5 X 6 X;;ﬁ{‘y;m_;.m

-«— Transfer direction (transfer rate: 2400 bps at fc=12.288 MHz)

76543210
SEER : f ; - ; ; ; }Select P37 as the TxD pin.
SCMOD« X0 -X0101 Set 7-bit UART mode.
SCCR + X 11XX XXX Add an even parity.
BRGCR « 0 X1 00101 Set transfer rate at 2400 bps.
TRUN « X X1---- - Start the prescaler for the baud rate generator.
INTEL ¢ = = = = - 1-- Enable INTTX interrupt.
| SCBUF « * * » = * + & & Set data for transmission.

(Note) X; Don’t care -; Nochange

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

8-bit UART mode can be specified by setting SCMOD<SM1,0> to “10”. In this
mode, parity bit can be added, the addition of a parity bit is enabled or disabled by
SCCR<PE>, and even parity or odd parity is selected by SCCR<EVEN> when
<PE> is set to “1” (enable).

Setting example: When receiving data with the following format, the control
register should be set as described below.

\start,(bitox 1 X 2 X 3 X a X 5 X 6 X 7 Xp‘;‘?ﬁ cop

<—— Direction of transmission (transmission rate: 9600 bps @ fc=12.288 MHz)
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Main setting
B 6543210
PICR ¢« --0--- -~ Specify P35 (RxD) as the input pin.
SCMOD + - 01X1001 Enable receiving in 8-bit UART mode.
SCCR « X01XXXXX Add an odd parity.
BRGCR « 0 X 010101 Set transfer rate at 9600 bps.
TRUN « X X1----- Start the prescaler for the baud rate generator.
| INTEL ¢ - = - -~ 1 - - - Enable INTRX interrupt.
INTRX processing
Acc + SCCR AND 00011100 Check for error.
if Acc # 0 then error :
Acc « SCBUF Read the received data.

(Note) X;don’t care -;no change

(3 Mode 3 (9-bit UART Mode)

9.bit UART mode can be specified by setting SCMOD <SM1,0> to “11”. In this
mode, parity bit cannot be added.

For transmission, the MSB (9th bit) is written in SCMOD <TB8>, while in receiving
it is stored in SCCR<RB8>. For writing and reading the buffer, the MSB is read or
written first then SCBUF.

Wake-up function

In 9-bit UART mode, the wake-up function of slave controllers is enabled by setting
SCMOD<WU> to “1”. The interrupt INTRX occurs only when SCCR<RB8> = 1.

TxD RxD TxD RxD TxD RxD TxD RxD

Master Slave 1 ' Slave 2 Slave 3

TMP90C844 TMPI0C844 TMP90C844 TMP90C844

Note: TxD pin of the slave controllers must be in open drain output mode.
Figure 3.9(13) Serial Link Using Wake-Up Function
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Protocol
@ Select the 9-bit UART mode for the master and slave controllers.
@ Set SCMOD <WU > bit of each slave controller to “1” to enable data receiving.
6)) The master controller transmits one-frame data including the 8-bit select code
for the slave controllers. The MSB (bit 8) SCMOD <TB8> is set to “1”.
" \start‘bitox 1 X 2 X 3 X 4 X SXG X 7 X 8 YStop v
Select code of slave controller "y
@ Each slave controller receives the above frame, and clears WU bit to “0” if the
above select code matches its own select code.
® The master controller transmits data to the specified slave controller whose
SCMOD <WU > bit is cleared to “0”. The MSB (bit 8) SCMOD<TB8> is cleared
to “0”.
\start‘bitob X 2 X ?X 4 x q 6 X 7 )\bita/stop
Data “o*
® The other slave controllers (with the SCMOD<WU> bit remaining at “1” )

ignore the receiving data because their MSBs (bit 8 or SCCR<RB8>) are set to
“0” to disable the interrupt INTRX.

When the WU bit is cleared to “0”, the interrupt INTRX occurs, so that the slave
controller can read the receiving data.

The slave controllers (WU =0) transmit data to the master controller, and it is
possible to indicate the end of data receiving to the master controller by this
transmission. '

Setting example: To link two slave controllers serially with the master controller, and

use the internal clock ¢/1 (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

* Setting the master controller

P3CR ¢1-0-----

| TxD pi in.
P23FR ¢ -1 - - - 00 0 } Select P35 as TxD pin and P37 as RxD pin
Main INTEL ¢ - - - - 11 - - Enable INTRX and INTTX.
SCMOD « 10101110 Set 41 (fc/2) as the transmission clock in 9-bit UART mode.

_SCBUF «00000001 Set the select code for slave controller 1.

INTTX | SCMOD ¢ 0 = = = = = = - Sets SCMOD<TB8> to"0".
interrupt | SCBUF « * * * & * = & » Set data for transmission.
= Setting the slave controller 2

PR «1-0-~- -~ -~ Select P35 as RxD pin and P37 as TxD pin (open drain
Main P23FR + 11 - =-=~-000 output).

INTEL + - - --11- - Enable INTRX and INTTX.

SCMOD « 00111110 Set <WU> to “1” in the 9-bit UART transmission mode

~ with transfer clock ¢ 1 (fc/2).
INTRX Acc + SCBUF
interrupt | 1T Acc = Select code

then SCMOD ¢« - - -0 - - - - Clear <WU> to "0".

(Note) X ;Don’t care -;No change
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3.10 Analog/Digital Converter

TMP90C844 contains a high-speed, high-accuracy analog/digital converter (A/D
converter) with 4-channel analog input that features 8-bit sequential comparison.

Figure 3.10 (1) shows the block diagram of the A/D converter. 4-channel analog input
pins (AN3 to ANO) are shared by input-only port P5 and so can be used as input port.

Internal bus

@ N

l—* A/D converter mode register (ADMQD)

ADCH 10 EOJCF AD\BF PEPET SCAN ADCS ADS

> repeat yscan yspeed ystart
-> end |busy

! A/D converter L INTAD
Channel select control circuit interrupt
Analog input -
- Sample
AN3 rp:zi Multiplexer [ h°|dpe,. ™ A/D conversion result register
AN2 (P O—
ADREGQ to ADREG3

AN1 (P51) [J— ( )
ANO (P50) [J—=

Vrer [ A
D/A converter
Asno [ > \ —

Figure 3.10 (1) Block Diagram of A/D Converter
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3.10.1 Control Registers

7 i 6 i 5 i 4 i 3 { 2 ¢ 1 1 0
bitSymbol | EOCF | ADBF : REPET i SCAN : ADCS i ADS ! ADCH1 i ADCHO
Read/Write R : RW I RW RAW i RIW

ADMOD

(FFEFH) After reset o i o i o { o i o { o i 0 i o
1:END [1:BUSY i1:Repeatii:Scan : T:low :1:5TART |  Analoginput
Function iMode Set |ModeSet: speed ! i Channel Select

: i ! mode :

L»Analog'g input channel select
Normal Scan mode

01 AN1 [ ANO—AN1

10 | "aN2 | ANO>AN1->AN2

11 AN3 | ANO—AN1—AN2->AN3

—= A/D conversion start

0
Py —
Note: Always “0” when data is read.

L » A/D conversion speed selection

0 High speed conversion mode (95 states)

1 Low speed conversion mode (190 states)

L——— Spexcification of A/D scan mode

0 |Fixed A/D conversion channel mode

1 | A/D conversion channel scan mode

L——» Selecting A/D repeat mode

0 | A/D conversion single mode

1 | A/D conversion repeat mode

A/D conversion busy flag

0 [A/D conversion not busy

1 | A/D conversion busy

A/D conversion end flag

4

0 A/D conversion not ended nor started

1 A/D conversion ended

Figure 3.10(2) A/D Conversion Mode Register (ADMOD)
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7 6 5 4 3 2 1 0
ADREGO bit Symboal
Readswrit R
(FFFOH) | :
After reset Undefined
Function A/D conversion result of channet 0 is stored.

AJ/D conversion result register for ANO (Read only)

7 6 5 a4 3 2 1 0
ADREGT bit Symbol
Readrwrit R
(FFF1H) |
After reset Undefined
Function AJ/D conversion result of channel 1is stored.
AJD conversion result register for AN1 (Read only)
7 6 5 4 3 2 1 0
bit Symbol
ADREG2 N
Readrwrit R
(FFF2H) e
After reset Undefined
Function A/D conversion resutt of channel 2 is stored.
AJD conversion result register for AN2 {Read only)
7 6 ] 4 3 2 1 0
ADREG3 bit Symbol
R i R
(FFF3H) ead/Write
After reset Undefined
Function A/D conversion result of channel 3 is stored.
A/D conversion result register for AN3 (Read only)
Figure 3.10 (3) A/D Conversion Result Register (ADREG0~ADREG3)
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3.10.2 Operation

(1

)

®3)

4

(5)

Analog Reference Voltage

High analog reference voltage is applied to the VREF pin, and the low analog voltage
is applied to AGND pin.

The reference voltage between VREF and AGND is divided by 256 using ladder
resistance, and compared with the analog input voltage for A/D conversion.

Analog input Channels

Analog input channel is selected by ADMOD <ADCH1,0>. However, which channel
to select depends on the operation mode of the A/D converter.

In fixed analog input mode, one channel is selected by ADMOD<ADCH1,0> among
three pins: ANO to AN3.

In analog input channel scan mode, the number of channels to be scanned from ANO
is specified by ADMOD<ADCH1,0>, such as AN0—AN1, AN0—»AN1—-AN2, and
AN0O—AN1—-AN2—-ANS3.

When reset, A/D conversion channel register will be initialized to
ADMOD < ADCH1,0> =00, so that ANO pin will be selected.

The pins which are not used as analog input channel can be used as ordinary input
port P5.

Starting A/D conversion

A/D conversion starts when A/D conversion register ADMOD < ADS> is written “1”.
When A/D conversion starts, A/D conversion busy flag ADMOD<ADBF> which
indicates “A/D conversion is in progress” will be set to “1”.

A/D Conversion Mode

Both fixed A/D conversion channel mode and A/D conversion channel scan mode have
two conversion modes, i.e., single and repeat conversion modes.

In fixed channel repeat mode, conversion of specified one channel is executed
repeatedly.

In scan repeat mode, scanning from ANO, :- —AN3 is executed repeatedly.

A/D conversion mode is selected by ADMOD <REPET, SCAN >.

A/D Conversion Speed Selection

There are two A/D conversion speed modes: high speed mode and low speed mode.
The selection is executed by ADMOD <ADCS> register.
When reset, ADMOD<ADCS> will be initialized to “0”, so that high speed

conversion mode will be selected.

MCU90-628
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(6) A/D Conversion End and Interrupt
* A/D conversion single mode

ADMOD<EOCF > for A/D conversion end will be set to “1”, ADMOD < ADBF >
flag will be reset to “0”, and INTAD interrupt will be enabled when A/D conversion of
specified channel ends in fixed conversion channel mode or when A/D conversion of
the last channel ends in channel scan mode.

A/D interrupt INTAD is controlled by the interrupt mask INTEH <IET2>
commonly used for timer 2 INTT2 interrupt, and INTAD or INTT2 is selected by
INTEH<ADIS>. To enable INTAD, set both INTEH <IET2 > and INTEH < ADIS >
to “1”.

Both INTAD and INTT2 interrupts jump to the same vector address (0030H), so
that it is judged by <ADIS> whether INTAD interrupt or INTT2 interrupt is being
requested now.

Interrupt requesting flip-flop is cleared only by resetting operation or reading the
A/D conversion result storing register and cannot be cleared by instruction. When
interrupt source is changed (between INTAD or INTT2), the previous interrupt
requesting flag will automatically be cleared.

* A/D conversion repeat mode

For both fixed conversion channel mode and conversion channel scan mode,
INTAD will be disabled when in repeat mode. Always leave the INTEH <ADIS>
flag at “0”.

Write “0” to ADMOD <REPET > to end the repeat mode. Then, the repeat mode
will be exited as soon as the conversion in progress is completed.

(7) Storing the A/D Conversion Result

The results of A/D conversion are stored in ADREGO to ADREG3 registers for each
channel. In repeat mode, the registers are updated whenever conversion ends.
ADREGO to ADREGS3 are read-only registers.

(8) Reading the A/D Conversion Result

The results of A/D conversion are stored in ADREGO to ADREGS3 registers. When the
contents of one of ADREGO to ADREGS3 registers are read, ADMOD <EQCF> will be
cleared to “0”.

Setting example: (D When the analog input voltage of the AN3 pin is A/D converted
and the results are read in the memory at FF10H by A/D
interrupt INTAD routine
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s"ggt':] o INTEH € X -1 --~1 - Enable INTAD.
ADMOD « X X 000111 Specify AN3 pin as an analog input channel and

starts A/D conversion in high speed mode.

|NT»:gD A + ADREG3 Read the value of ADREG3 into the accumulator
routine and store the value of the accumulator in the
{FF10H)« A memory at FF10H.

@ When the analog input voltage of ANO~ANZ2 pins is kept A/D
converted in high speed conversion channel scan repeat mode

INTEH« X -0--- - - Disable INTAD.

ADMOD « X X 110110 Start the A/D conversion of analog input channels
* ANO~-AN2 in the high-speed scan repeat mode.

(Note) X;Don't care - ; No change
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3.11 Watchdog Timer (Runaway Detecting Timer)

When the malfunction (runaway) of the CPU occurs due to any cause such as noise,
the watchdog timer (WDT) detects it to return to the normal state. When WDT has
detected malfunction, a non-maskable interrupt is generated to indicate it to the CPU.

3.11.1 Configuration

Figure 8.11 (1) shows the block diagram of the watchdog timer (WDT).

The watchdog timer consists of 22-stage binary counter which uses $1 (fc/2) as the
input clock, selector that selects one from the four outputs generated from the binary
counter, flip-flop for enable/disable control, and two control registers.

The watchdog timer generates interrupt INTWD after the detection time set with
watchdog timer detection time selection register WDMOD <WDTP1,0> and clears to
zere by software (instruction) the watchdog timer binary counter before INTWD
interrupt occurs. If the CPU malfunctions (runs away) due to causes such as noise and
does not execute the instruction to clear the watchdog timer, the binary counter will
overflow, and an INTWD interrupt will be generated. The CPU is notified of
malfunction (runaway) by the INTW interrupt and runs the anti-malfunction (runaway)
pr ti

The watchdog timer stops only in the STOP mode. After the STOP mode is released
and the warming up time has elapsed, the watchdog timer resumes operation.

The watchdog timer operates in the other standby modes (IDLE1 and RUN mode),
whereas it can be disabled when entering one of these standby modes.
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INTWD interrupt

$

Selector «_enable

WDMOD ——

<WDTP1,0> —

]
fog2'e| fo2'® fc/ZZ"T fc/222

¢ Watchdog timer Q
(fw2) —™ 22-stage binary counter F/F
R S
reset
Reset
HALT instruction (Stop and IDLE1 Reset
modes) being executed - wWDMOD
Write | Write <WDTE>
4EH B1H

Watchdog timer control register
(WDCR)

ﬁ

Internal bus

Figure 3.11 (1) Block Diagram of Watchdog Timer
3.11.2 Control Registers

Watchdog timer WDT is controlled by two control registers WDMOD and WDCR.
(1) Watchdog Timer Mode Register (WDMOD)
@  Setting the detecting time of watchdog timer

This 2-bit register is used to set the watchdog timer interrupt time for detecting
the runaway. This register is initialized to¢ WDMOD<WDTP1, 0> =00 when
reset, and therefore 216/fc is set. (The number of states is approx. 32,768.)

®  Watchdog timer enable/disable control register WDMOD <WDTE >

When reset, WDMOD < WDTE > is initialized to “1” enable the watchdog timer.

To disable, it is necessary to clear this bit to “0” and write the disable code (B1H)
in the watchdog timer control register WDCR. This makes it difficult for the
watchdog timer to be disabled by runaway.

However, it is possible to return from the disable state to enable state by merely
setting <WDTE > to “1”.
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7 ¢ 6 { s i 4 i 3 i 2 [ 1 i o
WDMOD bitSymbol | WDTE | WDTP1 : WDTPO : WARM i HALTM1: HALTMO{ EXF | DRIVE
Read/Write RIW P R i1 RW
(FFD2H) ; : : : ; s
After reset 1 : 0 : 0 : 0 : 0 : 0 Undefined: 0
1: WDT iWDT detecting time } Warming iStandby mode élnvehrg i E::ive_
Enable :00: 2*/fc ! Uptime 00: RUN B0 evemin
Function 01: 2%4c i0:2%fc  i01:5TOP tinstructio:  STOP
i P a6 H inis i mode.
110: 2%94c i1:2%fc  :10: IDLE1 i executed !
M1 22 : (11 - : ‘
L S R ]

L. Explained in 3.4.4 “STOP mode”

Inverts each time the EXX
instruction is executed.

Select the standby mode by
HALT instruction

* | 00 | RUN mode

11 |Cannot be used.

Select warming-up time when returned
from STOP mode

*1 0 [214/%c (approx. 1.6 ms)
1 | 216/ fc (approx. 6.6 ms)

Note: The above times are given for the case
fe=10 MHz.

Select the detecting period of watchdog
timer

* 100 | 216 / fc (approx. 6.6 ms)
01 | 218/ fc (approx. 26.2 ms)
10 | 220/ fc {approx. 105 ms)
11 | 222/fc (approx. 419 ms)

Note: The above times are given for the case
fe=10MHz,

Watchdog timer enable/disable control

\

0 |Disable (Note)
*| 1 |Enable

Note: To disable, it is also necessary to
write the disable code to WDCR
register. Disabling is not possible
by writing to this register alone,

Figure 3.11 (2) Watchdog Timer Mode Register
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(2) Watchdog Timer Control Register (WDCR)
This register is used to disable and clear the watchdog timer function.
* Disable control

By writing the disable code (B1H) in this WDCR register after clearing
WDMOD <WDTE > to “0”, the watchdog timer can be disabled.

-I:wnmon €0----- X X Clear WDMOD <WDTE> to “0”.

WOCR «10110001 Write the disable code (B1H).

* Enable control
Set WDMOD<WDTE > to “1”.
* Watchdog timer clear control

The watchdog timer can be cleared and resume counting by writing the clear code
(4EH) into the WDCR register.

WOCR«01001110 Write the clear code (4EH).
7 i 6 i 5 : 4 3 2 1 0
bit Symbol -
WDCR =
(FFD3H) Read/Write W
After reset -
Function B1H: WDT Disable Code 4EH: WDT Clear Code

|—> Disable/clear watchdog timer.

B1H Disable code
4EH Clear code
Other | —

Figure 3.11 (3) Watchdog Timer Control Register
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3.11.3 Operation

The watchdog timer generates interrupt INTWD after the detecting time set with
watchdog timer detecting time selection register WDMOD<WDTP1,0>> and clears to
zero by software (instruction) the watchdog timer binary counter before INTWD
interrupt occurs. If the CPU malfunctions (runs away) due to causes such as noise and
does not execute the instruction to clear the watchdog timer, the binary counter will
overflow, and an INTWD interrupt will be generated. The CPU is notified of
malfunction (runaway) by the INTW interrupt and runs the anti-malfunction (runaway)
program to return to normal operation.

The watchdog timer restarts operation immediately after resetting is released.

The watchdog timer stops its operation in the IDLE1 and STOP modes. In the RUN
mode, the watchdog timer is enabled.

However, the function can be disabled when entering the RUN mode.

Example : (D Clear the binary counter
WOCR « 01001110 Write clear code (4EH).

@ Set the watchdog timer detecting time to 2185
WDMOD « 1 01 - - - XX

@ Disable the watchdog timer.

WDMOD « 0 - - - - - XX Clear WDMOD<WDTE> to “0".
WDCR « 10110001 Write disable code (B1H).

Set the STOP mode (warming up time: 216/fc)

WOMOD « - - - 101XX Set the STOP mode.
Executes HALT command. Execute HALT instruction. Set the standby
made.

MCU90-635




TOSHIBA (UC/UP) S4E D ®E 9097249 0021211 8Ty EETOS3

TOSHIBA ’ TMP90C844

3.12 Slave Bus Interface

TMP90C844 has an internal slave bus interface function that can directly interface
with 16-bit CPUs.
This slave bus interface function can be used to directly connect R/W type CPUs and

RD and WR type CPUs.
The slave bus interface block diagram is shown in Figure 3.12 (1).

N
Slave control
_Read | -
; Input buffer | 3
B L
P20~P27 ‘ ‘.____r‘W"te -
rsBo~s87 ] g Output buffer ‘ c
[
7 1< | j :
NN -
—{U7|Ug|Us|Us|CTD| Uz | IBF Wnte -
bt ¢+ttt |
() e
P32/CS
L | ] P33/
Selector Selector

p30AWRDS [ — Q"W‘
P31 RORW [ — l

Figure 3.12 (1) Slave Bus Interface Block Diagram
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3.12.1 Control Register
P23FR <RWS, SLAVE > is used to set the slave bus interface modes.

7 i s i os i o4 i3 i o2 F o4 i o
P23FR bitSymbol | ODE | TXDC : SCLKC ! RWS | SLAVE !Fixedto"0": Fixedto"0"! Fixedto"0"|
Read/Write
(FECEH) : —B : : , :
After reset 0 : 0 : 1] : 0 ; 0 : 0 : 0 i 0
P37 §P37t | §P3:t ' P3031  iSlave FNC: : :
. icontrol  icontrol ! 11:P2 = Bus:
Function |2 MOS 5. port i0: Port im'ﬂ)l_ | 1:P2=Bus;
1: Open i1 TuD iq:scLk 0: WR,RD :P30~P34 :
Drain : output: output:l: D5, RW: =CTL

i |
Explained in 3.5.4 "Port 3" LR Setting slave bus interface

*1 0 |Slave bus mode disable
P20~P27,P30~P34 =port

1 |Slave bus mode enable
P20~P27: Slave bus
P30~P34: Control

[RW _ setting slave bus mode

0 |RD, WR bus
1 | DS, RAW bus

Figure 3.12 (2) Function Registers for Port 2 and Port 3 (P23FR)

The slave bus interface input buffer and output buffer are assigned to the same
memory addresses as for port 2 and are effective only when P23FR <SLAVE> = “1”,
Status register for slave (STATUS) is assigned to memory address FFEEH.

DO7 | DO6 | DOS | DO4 | DO3 | DO2 | DO1 | DOO | Qutput buffer {(write only)

P2
(FFCAH)

7 6 5 4 3 2 1 0

Di7 | DI6 | DIS | DI4 | DI3 | Di2 | DI DI0 | Input buffer (read enly)

Figure 3.12 (3) Input/Output Buffers
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7 i 6 i s i 4 i 3 i 2 i 1 i 9
STATUS |bitsymbol | U; | Us : Us : Us | ©B i Uy : IBF : OBF
(FFEEH) | Read/Write RIW i{ R i RW R

After reset o i o i o i o0 i o0 i 0 i 0 i 0

input | Output

Function User Flag ! ¢/DFlag | UserFlag: Buffer | Buffer

: : i Full Flag : Full Flag

{ | 1 ] ] |
R .
utput buffer empty/full flag

Kl Output buffer full

> Input buffer empty/full flag

0 |Input buffer empty

ER Input buffer full

R . /D flag
Indicates the C/D pin status
when the IBF flag has been set.
After reset: "0”

User flag

This flag can be freely used by
the user.
After reset: "0”

Figure 3.12 (4) Status Register for Slave Bus (STATUS)

3.12.2 Operation

When P23FR <SLAVE> is set to “1” and the slave bus mode is enabled, port 2
(P20~P27) becomes the slave bus used to transfer data, commands and status to and
from the host CPU. In addition, P30~P33 become the host CPU control signal input
pins and P34 is used to output status from the slave side.

An input buffer full interrupt is generated when data are written from the host CPU
and an output buffer empty interrupt is generated when data are read by the host CPU.

@ Input Buffer

The data on the slave bus are latched in the input buffer when a write request is
received from the host CPU. The input buffer value can be read from memory address
FFC4H.

®  Output Buffer

When a request to drop C/D input to “Low” and read is received from the host CPU,
the output buffer value is output to the slave bus. Data are loaded to the output buffer
by writing to memory address FFC4H.
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®  Status Register

This is an 8-bit register. Bits 0, 1 and 2 are read only and indicate the
input/output buffer status, Bits 3~7 are read/write flags that can be freely set by
the user.

This value is output to the slave bus when the status register receives a request
from the host CPU to set C/D input to “High” and read.

* Input buffer empty/full flag (IBF)

This flag is set to “1” when the host CPU writes to the input buffer and is cleared
to “0” when read from the slave side. This flag is initialized to “0” by reset
operations.

* Output buffer empty/full flag (OBF)

This flag is set to “1” when data are written to the output buffer and is cleared to
“0” when data are read by the host CPU. This flag is initialized to “0” by reset
operations. )

* CMDflag
The C/D input level is latched when the host CPU writes to the input buffer.

This flag is used to determine whether data or commands have been written to the
input buffer.
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4. ELECTRICAL CHARACTERISTICS (PRELIMINARY)
TMP90C844N/TMP90C844F
4.1 Absolute Maximum Ratings
Symbol Parameter Rating Unit
Vcc Power supply voltage -05~+7 v
VN Input voltage -0.5~Vcc+0.5 v
Power consumption F 500
Po (atTa=85T ) N 600 mW
TsOLDER Soldering temperature |260 T
(10 sec)
TstG Storage temperature -65~150 T
Topr Operating temperature | - 40 ~ 85 T

4.2 DC Characteristics

Vee=5V+10% TA= -20~70°C(1~16MHz)
Typical values are for TA =25°C and Vcc =5 V.

Symboal Parameter Min Max Unit Condition
Vi Input Low Voltage (P0) =03 0.8 Vv
Vii P1, P2, P3, P4, PS, P6, P7 -0.3 0.3Vee v
Viz RESET, PAS (INTO) -03 0.25Vcc v
ViLs EA -0.3 0.3 Vv
ViLa X1 -03 0.2Vce A
ViH Input High Voltage {P0) 2.2 Vec+0.3 v
Ving P1, P2, P3, P4, PS, PG, P7 0.7Vcc Vee+0.3 v
ViHz RESET, P45 (INTO) 0.75Vce Vec +0.3 v
ViH3 EA Vee-0.3 Vee+0.3 v
ViHa X1 0.8Vcc Vee+0.3 \")
VoL Qutput Low Voltage 0.45% v loL=1.6mA
VoH Output High Voltage 2.4 v loH = -400xA
VoH1 0.75Vec 1 loH = ~ 100.A
VoH? 0.9Vcc v loH = —20:A
R e I S L L
Iy Input Leakage Current 0.02 (Typ) | 5 p#A |0.0=Vin SV
Lo Output Leakage Current 0.05 {Typ) |*10 p#A |0.25Vin SVec-0.2
lcc Operatin? Current (RUN) 35 (Typ) |50 mA |tosc=16MHz
Idle 1 1.5 (Typ) |5 mA
STOP (TA = —- 20~70°C) 0.2 (Typ) |40 pA 0.2=5Vin =Vcc-0.2
STOP(TA =0~50°C} 10 #A
VsToP Power Down Voltage (@STOP) |2.0 6.0 Vv V|2 =0.2Vcc,
(RAM back Up) ViH2 =0.8Vcc
Rast RESET Pull Up Register 50 150 Ka
Cio Pin Capacitance 10 pF  |testfreq = 1TMHz
VTH Schmitt width (RESET, P45) 0.4 1.0 (Typ) v
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43 ACCharacteristics
Vee=5V £10% TA= -20~70C (1~16MHz)
Variable 12.5MHz Clock| 16MHz Clock

Symbol Parameter Unit
Min Max Min | Max | Min | Max
tosc Oscillation cycle (=X) 80 1000 80 62.5 ns
teve CLK Period 4x 4x 320 250 ns
twh CLK High width 2X-40 120 85 ns
twi CLK Low width 2X - 40 120 85 ns
taL AD~7 effective address — ALE fall 0.5X-15 25 16 ns
tLa ALE fall - A0~7 hold 0.5X~15 25 16 ns
T ALE Pulse width X-40 40 23 ns
e ALE fall - RDAWR fall 0.5X - 30 10 1 ns
teL RDAWR rise — ALE rise 0.5X ~20 20 11 ns
tac f;?|~7 effective address - RDAVR X - 25 55 18 ns
tacH ]cha;lllper effective address - RDANR 15X - 50 70 a4 ns
tca RDANR fall = Upper address hold 0.5X - 20 20 1 ns
tADL /d-\;)t-;zne;tetctive address —» Effective 3.0X-35 205 153 | ns
tADH (Lj]:trgei:l:f::ctive address — Effective 3.6X - 55 225 164 | ns
trRD RD fall - Effective data input 2.0X ~ 50 110 75 ¢ ns
trr RD Pulse width 2.0X-40 120 85 ns
tHR RD rise —» Data hold ] 0 0 ns
trRAE RD rise - Address enable X-15 65 48 ns
tww WR pulse width 2.0X-~40 120 85 ns
tow Effective data — WR rise 2.0¥X~-50 110 75 ns
twb WR rise — Effective data hold 0.5X-10 30 21 ns
tackn | Upperaddress — CLK fall 2.5% =50 150 106 ns
tackL |Lower address — CLK fall 2.0X-50 110 75 ns
tckna | CLK fall - Upper address hold 1.5X -80 40 13 ns
tcck | RDAWR fall —> CLK fall X-25 55 37 ns
tckHe | CLK fall - RDAWR rise X~-60 20 2 ns
tpek Valid data — CLi fall X-50 30 12 ns
tcwa | RDAWR fall — Valid WAIT X-40 40 22 | ns

150431
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Vee=5V £10% TA = -20~70C (1~16MHz)

symbol _ Parameter Variable 12.5MHz Clock| 16MHz Clock Unit
Min Max Min | Max | Min | Max
tawaL [Lower address — Valid WAIT 2.0X-70 90 55| ns
twaH | CLK fall = Valid WAIT hold 0 0 : 0 ns
tawaH | Upper address — Valid WAIT 2.5X-70 130 86 | ns
tcpw | CLK fall— Paort Data Output X +200 280 262 | ns
tpre Port Data Input — CLK fall 200 200 200 ns
tcpr CLK fall = Port Data hold 100 100 100 ns

AC Measuring Conditions

+ OQutputlevel : High2.2V/Low 0.8V, C,=50pF
(However, CL=100pF for AD0~7, A8~15, ALE, RD, WR)

+ Inputlevel : High2.4V/Low 045V (AD0~AD?7)
High 0.8Vce/Low 0.2Vee (except for ADO~AD?T)

150491
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4.4 A/D Conversion Characteristics

Vee=5Vt10% TA = -20~70C

f =1~16MHz
Symbol Parameter Min Typ -Max Unit
VREF Analog reference voltage Vee-1.5 Vee Ve
AGND Analog reference voltage Vss Vss Vss A
VaiN Analog input voltage range Vs Ve
IREF Supply current for analog reference 0.5 1.0 mA
voltage
Error ) Total error 1.0
(Quantize (TA=25TC, Vcc =VRer =5.0V)
errorof £0.5 LSB
LSB not
included) Total error 2.5
45 Zero-Cross Characteristics
Vee=5V+10% TA = -20~70TC
f =1~16MHz
Symbol Parameter Condition Min Max Unit
Lo AC coupling
Vzx Zero-cross detection input 1 1.8 VACP-P
C=0.1.F

Azx Zero-cross accuracy 50/60 Hz sine wave 135 mV
Fzx Zero-cross detection input frequency 0.04 1 KHz

4.6 Timer/Counter Input Clock (TI0, TI2, and Ti4)
Vee=5V£10% TA = -20~70C

f =1~16MHz
Variable 12.5MHz 16MHz
Symbol Parameter Unit
Min Max | Min | Max | Min | Max
tvek Clock cycle 8X + 100 740 600 ns
tyckL | Low level dock pulse width axX + 40 360 290 ns
tvckH |High level clock pulse width 4X + 40 360 290 ns
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4.7 Interrupt Operation
Vee=5V£10% TA = -20~70T

f =1~16MHz
Variable 12.5MHz 16MHz
Symbol Parameter Unit
Min Max | Min | Max | Min | Max
tinTaL | INTO low level pulse width { 1_") 44X 320 250 ns
tintaH | INTO high level pulse width ( J ) 4x 320 250 ns
tinteL | INT1, INT2 low level pulse width (7 [) 8X + 100 740 600 ns
tinten | INT1, INT2 high level pulse width ( 1) 8X + 100 740 600 ns

4.8 Serial Channel Timing - I/O Interface Mode
Vec=5V10% TA = -20~70C

(1) SCLK Input Mode f=1~16MHz
Variable 12.5MHz 16MHz
Symbol . Parameter Unit
Min Max Min | Max | Min | Max
tscy SCLK cycle 16X 1.28 1 M5
toss Output data — Rising edge of hocyi2— 5X - 50 190 137 ns
SCLK
toHs f‘ill.‘;( rising edge — Output data 5X = 100 300 212 ns
tHsr $CLK rising edge — Input data 0 0 0 ns
hold
tsrp ?CLK rising edge — Effective data tscy - SX - 100 780 587 ns
input
(2) SCLK Output Mode
Variable 12.5MHz 16MHz
Symbol Parameter Unit
Min Max Min | Max | Min | Max
tscy SCLK cycle (programmable) 16X 8192X 1.28 | 655.4 1 512 us
toss Outputdata - SCLK rising edge | tscy—2X-50 970 725 ns
tomHs SCLK rising edge — Output data 2% — 80 30 45 ns
hold
tHsR SCLK rising edge — Input data 0 0 0 ns
hold
tsRD iS:::).insmg edge — Effective data tscy—2X— 150 970 795 ns
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4.9 Slave Bus Interface Timing: RD, WR Bus Mode Vorm3V110% TA=S20mt
Symbol Parameter Min Max Unit

Tsar C/D set up — SRD fall 20 ns

THRA SRD rise = C/D hold 5 ns

Tscr SCS set up — SRD fall 0 ns

THRC SRD rise — SCS hold 0 ns

TWRD SRD pulse width 120 ns

TARD SRD fall — effective data output 80 ns

Tvre SRD rise — effective data hold 10 85 ns

Tsaw /D set up — SWR fall 20 ns

Tuwa SWR rise = C/D held 5 ns

Tscw SCS set up - SWR fall ] ns

THwe SWR rise — SCS hold 0 ns

Twwr SWR pulse width 120 ns

Tsaw effective data input — SWR rise 80 ns

THwa SWR rise — effective data hold 10 ns

Slave Bus Interface Timing: DS, R/W Bus Mode

Symbol Parameter Min Max Unit
Tsap C/D set up - DS fall 20
TrDA DS rise = ¢/D hold
Tsco SCS set up — DS fall
THDC DS rise =5CS hold
Tsap RAW set up — DS fall 20
THpa DS rise — RAW hold 5
Twbs DS pulse width 120
TADE DS fall — effective data output 80
Tvbe DS rise — effective data hold 10 85
Tsep effective data input — DS rise 80
THDB DS rise — effective data hold 10
STA Change Timing X = 1/fosc
Variable 16MHz
Symbol Parameter Unit
Min Max Min | Max
TRPH STA fall after Output Buffer is read 2X+50 175 ns
TwPH STA rise after Input Buffer is written 2X+50 175 ns
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4.10 Timing Chart

teye
LK i twh -
—ed -
tACKH W ———
tACKL———»]
Ag~15
” tADH -
- taDL >
i
ADo~7 >---——-4 Apny fr—=m—- { Do~z IN J-|---1
Ha tHr
; teck |._1g|sus_, A L
ALE / ] t Icl I/
—fAcl
tach L1 . tRAE
RD \< tRR ]
—liDeK
ADpge7? e m e -i Ap~7 Dp~7 OUT t- - -<
L < tow wp
ALE ] Jril-s_, ‘AL.["
tact
WR barw .
towa
WAIT -\I w—Je—tWAH
e——tawaL—— ]
- tAWAH tCPW-—--I
Port Output X
i
i Port Input i )
| <—tPRC— ‘tcpnr
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4.11 Timing Chart for IO Interface Mode
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4.12 Timing Chart for Slave Bus Interface: RD, WR Bus Mode
1) Read Operation

Tsar < THRA
/5 X X
5 \ Tscr THRC -~ /
T
SB0-7 < >
TaRg o |‘Tvgg,
STA /‘
TRPH
2) Write Operation
Tsaw THwA
S X - X
T T
S \ | LSCW Hwa, /
T
R \L.___mms__. /
THWE
Sh0-7 < )
o Tsew |
STA : J"__
Twey
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4.13 Timing Chart for Slave Bus Interface: DS, R/W Bus Mode
1) Read Operation

Tsap THDA
D X
T T
5 \‘ sCh HDC| /
RAW - A Tsap < THDA N
Ty
- \‘ WS - /
SBo-7 < >
. Tapp ITE vDB, |
STA T
TRPH >

2) Write Operation

Tsap Thpa

o5 N

— Tscp Thpc|

SCs \ "’J/

__ Tsa Tupa
RA —\ SAD H /—

Twps
DS N /
_ 1 Thoe
TsBD

STA /'_—

TwpH

MCU90-649




| TOSHIBA (UC/UP) cyp » WM 9097249 0021225 399 EETOS3

TOSHIBA TMP90C344

5. TABLE OF SPECIAL FUNCTION REGISTERS (SFRs)

The special function registers (SFRs) include the I/O ports and peripheral control
registers allocated to the 56-byte addresses frqm OFFCOH to OFFF7H.

Configuration of the table

symbol Name Address |7 16 (f 110
S “ —» bit Symbol
N\ — Read / Write
1 — Initial value after reset
/ | — Remarks

141190
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Symbol | Name | Address 7 i e s i a4 i o3 i o2 i 1 i o
PO7 i P06 : POS : P04 : PO3 i P2 i POl i POO
PO [Port0 FFCO RIW
Input mode
PO7C i POSC : POSC i POAC i PO3C i PO2C i POIC POOC
POCR Port0 W
Control FFC1 ; T T T T T :
Reg. 0 i o i o i o i g i g i 0 i 0
0:IN  1:0UT  (Select VO on bit basis)
P17 i P16 i Ps i P4 i p13 i pr2 i P11 i P10
P1 Port1 FFC2 R/W
i input mode
portt PI7ZC I PI6C 1 PISC : P14C { P13C i P12€ ¢ PIIC ! PIOC
P1CR {Control FFC3 r r " W . T ;
Reg. ¢ i ¢ i ©o i 0 i o i 0 { 0 i @
0:IN  1:QUT  (Select /O on bit basis)
P27 i P26 i P25 : P24 i P23 i P22 i P2M i P20
P2 |Port2 FFC4 RIW
Input mode
P27C i P26C ! P25C : P24C ! P23C i P22C i P21C | P20C
Note) | Port2 : : s : : : :
PaCR E:;_m e o i o : o : o i o i o i 9o i 0
0:IN  1:0UT  (Select ¥O on bit basis)
P37 i P36 i P35 i P34 i p33 i P32 i P31 i P30
P3  |Port3 FFCE RW
Input mode
P37C i P36C : P35C : P34C i P33C | P32C . P3IC : P30C
Port3 - : — . : .
P3CR | Control FFC7 . . - : , . .
Reg. 0 : 0 : 0 : 0 : 0 : 0 : 0 : 0
0:IN  1: QUT  (Select I/O on bit basis)
ODE { TXDC { SCLKC | RWS | SLAVE | Fixedto0".} Fixedto"0".  Fixedto"0".
Port2,3 i
P23FR anct'ion FFCE 0 : O 2 0 2 2 ° ‘
Reg. P37contral P37 control P36 contral EP30,31 ;SIave FNC
0:CMOS : O:Port | 0:Port icontrol 1:P2=8Bus *
1:0pen { 1:TxD | 1:3CLK [0:WR,RD iP30~P34 |
Drain | output: outputi1:D5,RW ! =CTL ! : :
P47 i Pa6 i P45 i P44 i Pa3 i Pa2 i P41 i P4D
P4  |Portd FFC8 RIW '
Input mode

Note) When P23FR<SLAVE > = “17, setting P2CR register is becomed invalid.
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Symbol| Name ( Address 7 6 5 4 3 2 1 0
Pa7¢ | PA6C P45C Pa4C P43C P42C P41C P40C
Portd4 v;
PACR | Control FFCO : : T T :
Reg. 0 9 0 : 0 : 0 H 0 H 0 H 0
0:IN  1:0UT  (Select IO on bit basis}
ZCE2 ZCE1 - i - i 7058 i TO4S TO3S TOS
RIW RIW
Port4. 0 S0 : 0 0 0 o
PAFR |Function FFCF : T : n >
Reg P47 ¢control : P4Bcontrol iP43control  {P42control i Pdlcontrol P40control
' 1: ZCD i1:2¢D i0: Port i0:Port  i0:Port  :0:Port
Enable ! Enable 1: TOS 11: TO4 i1: TO3 i1: TO1
P57 i P56 - - ¢ ps3 ¢ ps2 i P51 i P50
P5 Port5 FFCA RIW R
1 1 H Input only
Combined Combined Shared with analog input pin
use WR pin use RD pin (ANO~AN3)
SAB3 : SAB2 i SA61 SAG0 P63 : P62 ! P6l P60
P6 |Port6 FFCB RIW RW
Undefined Input mode
. : * Stepping Motor Control Port 0 .
Shift Alternate reg. 0 { « Pattern Generation Port 0 Jshared with
SA73 SA72 SA71 SA70 P73 : P72 i PN P70
P7 | Port FFCC RIW RW
Undefined Input mode
\ ¢ Stepping Moteor Control Port 1 .
Shift Aiternate reg. 1 « Pattern Generation Port 1 Yshared with
P73C P72C P71C P70C P6IC - P62C i PGIC P60C
Port6, 7 i
PE7CR | Control FFCD : : : : > .
Reg. o i 0 o i o i o0 i o i o : o
0:!IN  1:0UT  (Select /O on bit basis)
PAT1 cow1 MIM | MIS ! PATO | COWO MOM MOS
; R/W
P67FR :ort::' FFDO 0 0 0 0 0 0 0 0
unction 0:8Bit  :0:Normal :0:4Step :0:Port  :0:8Bit :0: Normal :0:45tep :0:Port
Reg. :  rotation ; : : i rotation: :
1: 4Bit i1:Reverse |1:8Step :1:Step  i1:4Bit i1: Reverse :1:85tep :1:Step
: rotation: i : i rotation : :
{For port 7) (For port 6)
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Symbol Name Address 7 6 ] 4 3 2 1 ¢
- - - - - i RDE i WAITC1 { WAITCO
Por2. 5 : RIW
ortz,. 0 : 0 H 0
P25FR |Function FFD1 : :
R :RD conirol | WAIT ¢control
€g. ' I:Always H 00: 2 state wait
‘RDoutput | OV Nomal Wait
outpu i 10: Nonwait
H : R | P
WDTE WDTP1 | WOTPO i WARM : HALTM1 | HALTMO | EXF | DRIVE
Watch RIW ; R | RW
atc g : : T : :
1 ; 0 : H : : fi i 0
WDMOD Dog Timer FFD2 P : 7 . 9 :W 0. odb * q g :Unde med:
: : WOTdetecting time :Warming Standby mode i : )
M Reg. H : H i
ode Reg Enable : 00: 216/fc {up time 00: RUN ;Ir'wertseach E'I:Todnv?me
P 01218/ Lo: 219/fc 01: STOP :timeEXx  :pinevenin
10: 220/fc 16 10: IDLE1 linstruction s ; STOP mode.
11: 222/f¢ 1: 216/fc 1m: - ;Eexecuted. :
Watch
Dog Timer
WDCR {control FFD3
Reg. B1H: WDT Disable Code  4EH: WDT Clear Code
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Symbol| Name | Address 7 6 5 a 3 2 1 0
TREGo | SDitTimer | peny w

Reg 0
Undefined
TREG1 ::';P'“e’ FFDS w
Undefined
TREG2 | SoitTimer | g w
Reg2
Undefined
TREG3 |BbitTimer | gepg w
Reg3
Undefined
TI0M1 TIOMO : PWMO1 : PWMOO : TICLK1 : TICLKO | TOCLK1 | TOCLKO
RW
Timer 0, 1 : . : : : T T
! 0 0 0 0 0 0 0 0
TOIMOD|Mode Reg. |  FFDB : : - ;
00: 8 Bit Timer : 00: - H 00: TOOTRG 00: TIQ
01: 16 8it Timer 01: 2°~ 1 PWM 01: gT1 01: ¢T1
10: 8 Bit PPG 10: 27 = 1 Cycle 10: 4T16 10: T4
11: 8 Bit PWM 11:2° -1 i 11:4T256 P11 4T16
T23M1 T23M0 PWM21 | PWM20 : T3CLK1 T3CLKO | T2CLK1 T2CLKO
- 3 RW
imer 2 T T T n "
! 0 i 0 0 0 0 0 0 0
T23MOD) pode Reg. |  FFDO .
00: 8 Bit Timer 00: - 00: TO2TRG 00: TI2
01: 16 Bit Timer 01: 2°— 1 PWM 01: ¢T1 01: ¢T1
10: 8 Bit PPG 10: 27 -1 Cycle 10: ¢T16 10: 474
11: 8 Bit PWM 11; 24 =1 11: ¢T256 11: ¢T16
TFF3C1 TFF3C0 TEF3IE TFF3IS TFF1C1 TFF1CO TFFIE TFF1IS
8bit Ti FFDA L R Y W
it Timer H :
TFFCR | Ftip-Flop = 0 [ 0 = —° 2
Control 00: Invert TFF3 R H R H : 00: Invert TFF1 HE ER H
Reg 01: Set TFF3 TFF3 i Invertsby:  01:SetTFF1 i TFF1 : lnvertsby
10: Clear TFF3 Invert : timer2. i  10: Clear TFF1 Invert : timerO.
11: Dont Care. Enable 11: Dont Care. Enable |
: PRRUN T4RUN T3RUN T2RUN TIRUN TORUN
Timer Run
TRUN | Control FEDC : RAW :
Reg. 0 ] 0 0 0 0
Prescaler & Timer RUN/STOP Control
0: Stop & Clear
1: RUN
M1T TRADE TR2DE TRODE
Timer Reg. RIW RAW
Double 0 0 0 i o
TRDC | Buffer FFDB Q:Timer 2,3; Timer Reg.
Control 1: Timer4d : Double Buffer Control
Reg. : 0: Double Buffer Disable
1: Double Buffer Enable
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Symbol Name | Address 7 6 5 4 3 2 1 0
CAPIL FFEQ R

Capture Undefined
Reg. 1 —_—
CAP1H FFEt R
Undefined
CAP2L FFE2 R
Capture Undefined
Reg. 2 -
CAP2H FFE3 R
Undefined
TREGA4L FFEQ w
16Bit Timer Undefined
Reg. 4 —_—
Undefined
16Bit Timer Undefined
Reg.5
Undefined
CAP2T5 | EQ5TS | CAPIIN i CAPM1 : CAPMO CLE TACLK1 i T4CLKO
RAW W RIW RIW RW
169it£imer 0 i o0 i — i 0 i 0 0 0 i 0
Mode : T H . B
T4MOD Reog. 5 FFE4 | TrEs inversion trigger :0: Soft- : Capture Timing i1: Timer 4: Timer 4 Clock
: Capture 00: Disable Clear 00: Ti4
0: Disable trigger : 01: T4 1TIS © Enable 01 gT
1: Enable trigger 10: T4 174 | : : 10; 4T4
11: TFF1 P TFF1 ) 11: ¢T16
TFFSC1 | TFFSCO | CAP2TA | CAPIT4 | EQSTA | EQATA : TFFAC1 | TFFACO
W RAW w
16Bit Timer — 0 0 i 0 0 : —
T4FFCR | F/F Control | FFE5 . " . H
Reg. 5 00: Invert TFF5 TFF4 inversion trigger : 00: Invert TFF4
01: Set TFF5 0: Disable trigger : 01: Set TFF4
10: Clear TFF5 1: Enable trigger : 10: Clear TFF4
11: Don’t Care i 11: Don't Care

*) CAP1 and TREG4 as well as CAP2 and TREGS are allocated to the same address. A
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symbol| Name |Address| 7 i e . 5 i 4 i 3 [ 2 1 0
TBB fixedto’0”: RXE i WU i SM1 i SMO 5C1 sCo
Serial - - " R{W v "
SCMOD | Channel FFEG | Undefined : 0 Y { 0 : 0 0 0o 0
Mode Transmiss- | i 1:Receiveil: WakeUpi  00: VO Interface 00: TOZTRG
Reg. jonbit-8 | { Enable i Enable : 01:UART 7Bit 01: BRG Mode.
data 10: UART  8Bit 10: ¢1
11: UART 9Bit 11:—
RBS EVEN PE OERR PERR i FERR SCLKC i 10C
Serial R RIW : _R(Cleared to "0" by reading) RAW
SCCR | Channel FFE7 [Undefined! o0 1 0 i 0 i 0 I 0 o I 0
Control BitBof | Parity i 1:Parity ! ! 1:Error : 0: SCLK :0: SCLK
Reg. receiving | 0:Odd : Enable : Overrun | Parity : Framing : (_k ) | output
data | 1:EVEN i : : : Eo1:sak 1:sCeK
i (_i_) ' input
serial RB7 RBE RB5 RB4 RB3 RB2 RB1 RBO
SCBUF g:?f::e' FFE8 187 86 TBS . TB4  TB3 i TB2 81 T80
Reg. R (Receiving) /W (Transmission)
Undefined
AD EOCF ADBF REPET SCAN i ADCS ADS ADCH1 | ADCHO
IADMOD| Converter | frpp R i RW RIW RIW RW
Mode Reg. : H H H : :
0 : 0 : 0 i 0 : 0 : 0 0 : 0
1: END Et:BUSY Et:Repeat E1:Scan ' ;—g;"ed 51:START gAnanglnput
: i ModeSet : ModeSet! mode : Channel Select
D _
ADREGO | Result FFFO R
Req.0 J—
AD —
ADREG1| pagylt FEF1 R
Reg.1 o
A/D —
ADREG2| pesyit FFF2 R
Reg.2 —
D
ADREG3 :lesult FFF3 R
Reg. 3 J—
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Symbol | Name Address 7 i 6 5 4 3 2 1 0
Fixedto "0 } BG1 8G0 Ps3 | pS2 P51 PSQ
Baud ' RAW
Rate : :
0 0 ; 0 : 0 0 0 0
BRGCR |Generater FFE9 H
Control 00: fa/d :
Reg. 01: fe/16 : Divided frequency from prescaler
10: fe/64 i
11: f¢/256 i
IET4 IE1 IET5 E2 | IERX JETX | Fixedto™0" ; Fixedto "0"
INTEL FFF4 RIW
0 ] i 0 ] i 0 0 0 0
interrupt 1: Enable 0: Disable
Ena!'J(le EDGE ADIS IEO IETO IET1 *(ET2 IET3
Mas
Reg. RAW RAW RIW
INTEH FFFS : 0 0 0 0 0 0 o)
:INTO :
i0:Level  i1:INTAD 1: Enable 0: Disable
i1:EDGE !
DET4 DE1 DET5 DE2 DERX DETX | Fixedto"0" | Fixedto 0"
DMAEL FFF6 RN
0 0 : 0 0 ; 0 : 0 0 0
Micro 1: Enable 0: Disable
EDM»; : ! DEO DETO DET1 DET2 DET3
nable :
DMAEH | Rega. FFF7 W
: 0 i 0 0 : 0 0
! 1:Enable 0: Disable
EXT IRFO IRFTO IRFT1 IRFT2 IRFT3
R
0 i 0 0 0 0 0
IRFH FFEB * :
P1control : :
(P1FR) 0: VYO Port Interrupt Request Flag
Interrupt 1+ Address 1: Interrupt being requested
Request :
Flag & IRF
Clear IRFT4 IRF1 IRFTS IRF2 IRFRX IRFTEX IRFFUL IRFEMP
IREL FFEA R (Only IR.F clear code.can be used "to write)
0 0 i 0 o { o i o i 0 i 0
1: Interrupt being requested (IRF is cleared to “0” by writing IRF clear code.)
Uy | ug { us P by + od P u; ! IBFE | OBF
_ | Slave R’W R RW R
STATUS | geatus FFEE 0 0 0 0 0 0 0 0
Reg. : : {Input :Output
User Flag i CDFlag | UserFlag :Buffer Full iBuffer Full
: : {Flag Flag
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Address Symbol Address Symbol
FFCO PO FFEQ CAP1U/TREGAL
FFC1 POCR FFE1 CAP1H/TREG4H
FFC2 P1 FFE2 CAP2UTREGSL
FFC3 P1CR FFE3 CAPZH/TREGSH
FFC4 P2 FFE4 T4MOD
FFCS P2CR FFES TAFFCR
FFC6 P3 FFEb6 SCMOD
FFC7 P3CR FFE7 SCCR
FFC8 P4 FFES SCBUF
FFC9 PACR FFE9 BRGCR
FFCA P5 FFEA IRFL
FFCB P6 FFEB IRFH
FFCC P7 FFEC {Reserved)
FFCD P67CR FFED {Reserved) 1
FFCE P23FR FFEE STATUS
FFCF PAFR FFEF ADMOD
FFDO P67FR FFFO ADREGO
FFD1 P25FR FFF1 ADREG1
FFD2 WDMOD FFF2 ADREG2
FFD3 WDCR FFF3 ADREG3
FFD4 TREGO FFF4 INTEL
FFDS TREG1 FFFS INTEH
FFD6 TREG2 FFFb DMAEL
FFD7 TREG3 FFF7 DMAEH
FFD8 TQ1MOD
FFD9 T23MOD
FFDA TFFCR -
FFDB TRDC 1
FFDC TRUN
| FFDD {Reserved)
§ FFDE (Reserved)
| FFDF (Reserved)
writing to the {Reserved) register is disabled.

|
|
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