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CTOSHIBA (UC/UP)

CMQOS 8-BIT MICROCONTROLLERS
TMP90C802P/TMP90C802M

1. OUTLINE AND CHARACTERISTICS

The TMP90C802 is a high-speed advanced 8-bit micro controller applicable to a
variety of equipment.

With its 8-bit CPU, ROM, RAM, timer/event counter and general-purpose serial
interface integrated into a single CMOS chip, the TMP90C802 allows the expansion of
external memories (up to 56K byte).

The TMP90C802P is in a DIP package.

The TMP90C802M is in a SOP (Small Qutline Package).

The characteristics of the TMP90C802 include:

(1) Powerful instructions : 163 basic instructions, including
Multiplication, division, 16-bit arithmetic operations, bit manipulation instruct-
ions

(2) Minimum instruction executing time: 320 ns (at 12.5 MHz oscillation frequency)
(3) Internal ROM: 8K byte
(4) Internal RAM: 128 byte

(5) Memory expansion
External memory: 56K byte

(6) General-purpose serial interface (1 channel)
Asynchronous mode, I/O interface mode

(7) 8-bit timers (4 channels) : (1 external clock input)
(8) Port with zero cross detection circuit (1 input)
(9) Input/Output ports (32 pins)
(10) Interruptfunction: 8 internal interrupts and 3 external interrupts
(11) Micro Direct Memory Access (DMA) function (4 channels)
(12) Watchdog timer
(13) Standby function (4 HALT modes)
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Figure 1 TMP90C802 Block Diagram
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2. PIN ASSIGNMENT AND FUNCTIONS

The assignment of input/output pins, their names and functions are described below.
2.1 Pin Assignment

Figure 2.1 shows pin assignment of the TMP90C802.

a0 1 Vee
39,27 (A15)

(TxD) P33 38 1P26 (A14)

(RD) P35 37 @AP25 (A13)

(RxD) P3111
2
3
4
(WR) P36 []5 36 [JP24  (A12)
6
7
8

(SCLK) P32 T

(TO1/WAIT) P37 ] 35M1P23  (A11)
(INTO) P80 ] 34 P22 (A10)
(INT1/TI2) P81 33 P21 (A9)

NMI ]9 32 11P20 (A8)
EACJ10 31 P17 (A7)
o CLK 11 30 [JP16 (A6)
(DO) POD 112 29 [P15  (AS5)
(D1) PO1 413 28P14  (A4)
(D2) P02 []14 27 [3P13  (A3)
(D3) PO3 115 26 P12 (A2)
(D4} P04 []16 2503P11 (A1)
(D5) PO5 17 24 0P10  (A0)
{D6) P06 [ 18 23 [JRESET
(D7) PO7 19 220x%x2
(GND) Vss [ 20 21 X1

240889

Figure 2.1 Pin Assignment
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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 Pin Names and Functions (1/2)

Pin Name | No. of pins | I/O 3 states Function

POO~PQ7 8 e Port 0: 8-bit I/O port that allows selection of input/output on byte

/D0~D7 3states g:iﬁ bus: Also functions as 8-bit bidirectional data bus for external
memaory

P10~P17 8 1o} Port 1: 8-bit I/O port that allows selection on byte basis

IAD~AT Output | Address bus: The lower 8 bits address bus for external memoty

P20~P27 8 1/ Port 2: 8-bit1/O port that aliows selection on bit basis

/AB~A15 Output | Address bus: The upper 8 bits address bus for external memory

P31 1 Input Port 31: 1-bitinput port

/RxD Receives Serial Data

P32 1 Output | Port32: 1-bitoutput port

/5CLK Serial clock output

P33 1 Output |Port33: 1-bitoutput port

/TxD Transmittes Serial Data

P35 1 Qutput |Port35: 1-bitoutput port

/RD Read: Generates strobe signal for reading external memory

P36 1 Output |[Port36: 1-bit output port

/WR Write: Generates strobe signal for writing into external memory

P37 1 Input Port37: 1-bitinput port

/WAIT Wait: Input pin for connecting slow speed memaoary or peripheral
LSI

ITO1 Output  |Timer output 1: Outputof TimerOor1

P80 1 Input Port 80: 1-bitinput port

JINTO Interrupt request pin 0: interrupt request pin (Level/rising edge is
programmable)

P81 1 Input Port81: 1-bitinput port

/INT1 Interrupt request pin 1: interruptrequest pin (Rising edge}) £

/T2 Timerinput 2: Counterinputsignal for Timer 2

NMI 1 input  |Non-maskable interrupt request pin:
Falling edge interrupt request pin X

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

EA 1 Input External access: Connects with Vce pin in the TMP90C802 using
internal ROM.

070989
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Table 2.2 Pin Names and Functions (2/2)

Pin Name | No. of pins | I/O 3 states Function

RESET 1 Input Reset : Initializes the TMP90C802 (Contains a pull-up resister)
X17X2 2 Input/ 4 piny for quartz crystal or ceramic resonator (1~ 12.5MHz)

Cutput

Ve 1 Power supply ( + 5V)
Vss (GND) 1 Ground (0V)

120889
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3. OPERATION

This chapter describes the functions and the basic operations of the TMP90CS8G2 in
every block.

3.1 CPU

TMP90C802 includes a high performance 8-bit CPU. For the function of CPU, see the
previous chapter “TLCS-90 CPU.” This chapter explains exclusively the functions of the
CPU of TMP90C802 which are not described in the “TLCS-90 CPU.”

3.1.1 Reset

The basic timing of the reset operation is indicated in Figure 3.1. In order to reset the
TMP90C802, the RESET input must be maintained at the “0” level for at least ten
system clock cycles (10 states : 2u4sec at 10MHz) within an operating voltage band and
with as table oscillation. When a reset request is accepted, all I/O ports (Port 0 /data bus
DO0~D?7, Port 1/address bus A0~A7, Port 2/address bus A8~ A15) function as input ports
(high impedance state). Output ports (P32, P33, P35 (RD) and P36 (WR)) and CLK turn
to “1.” Input ports remain unchanged.

The registers of the CPU also remain unchanged. Note, however, that the program
counter “PC” and the interrupt enable flag IFF are cleared to “0”. Register A shows an
undefined status.

When the reset is cleared, the CPU starts executing instructions from the address

0000H.
T1 T2 T1 T2
2 _/'\J'\_F\_/'\J'\_/'\_/‘\_T FaWaWa¥aWaWalaWal
LT T Fma [
— \ internally._
A0~15 ) Undefined Jm fm = =|= =1 «{" Undefined 0(COH
A16~19 ~X Undef!nea\
™ ] an
WA 7
DO~7 e Dtk e I Y PR N SN P - =iy —|--

140689

Figure 3.1 Reset Timing
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3.1.2 EXF (Exchange Flag)

For TMP30C802, “EXF”, which is inverted when the command “EXX” is executed to
transfer data between the main register and the auxiliary register, is allocated to the
first bit of memory address FFD2H.

7 i 6 { 5 {4 i 3 i 2 1 0
WDMOD [bitSymbol | WDTE i WDTP1 | WDTPO | WARM | HALTM1 { HALTMO | EXF DRIVE
(FFD2H) [peadiwrite | Riw R/W P ORIW RIW R RIW
Resetling 1 i o i o i o 0 i 0 |undefined] 0
1:WDT | WDT Detecting time | Warming |Standby mode lnvert | 1:drive
: o : . 00:RUN mode eachtime ] pinseven
Enable : 00: 2"/ fc : uptime ExXinst- |insTOP
Function D01 2% 0: 2" fc 01:STOP  mode |ryctionis | mode
102 F1:2% fe 10:IDLE1  mode |executed
11: 2% fc 11:IDLE2 mode

410491
3.1.3 Wait Control

For TMP90C802, a wait control register (WAITC) is allocated to the 6th and 7th bits
of memory address FFC7H.

7 6 5 f 4 1 3 i 2 i 1 i 0
P3CR  |bitSymbol [ warct i warco § RDE i ODE { TXDC i saAK | RXDC I -
(FFC7H) [ peadiwrite RIW R/W | R/W | RIW | R/IW I R/W i -
Resetting o i 0 o i o o i o i 0 i -
Wait control RD control §P33controlé P33 P32 P31
00: 2state wait 0:RD for :0:CMOS 0:0ut : 0:0ut 0:in .
Function 01: normal wait only i :Ope.n .
. externali drain : 1:TxD ; 1:5CLK : 1:RxD !
10: non wait : : : :
access : :
11:Timer 0/ 1:Always |
Output RO
Output |

240890
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3.2 Memory Map

The TMP90C802 supports a program or data memory of up to 64K bytes,
The program/data memory may be assigned to the address space from 0000H to
FFFFH.

{1) Internal ROM

The TMP90C802 internally contains an 8Kbyte ROM. The address space
0000H~1FFFH is provided to the ROM. The CPU starts executing a program from
0000H by resetting.

The addresses 0010H~007FH in this internal ROM area are used for the entry area
for the interrupt processing.

(2} Internal RAM

The TMP90C802 also contains a 128byte RAM, which is allocated to the address
space FFOOH~FF7FH. The CPU allows the access to whole RAM area
(FFOOH~FF7FH, 128 bytes) by a short operation code (opcode) in a “direct addressing
mode”.

The addresses from FF30H~FF7FH in this RAM area can be used as parameter area
for micro DMA processing (and for any other purposes when the micro DMA function is
not used).

(3) Internal I/O

The TMP90C802 provides a 48byte address space as an internal I/O area, whose
addresses range from FFCOH~FFEFH. This /O area can be accessed by the CPU using
a short opcode in the “direct addressing mode”.

Figure 3.2 is a memory map indicating the areas accessible by the CPU in the
respective addressing mode.
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0000H %
Internal ROM
(8K byte)
%
2000H
Program & Data Area
(8C)
External Memoty (DE)
(56K byte} (HL)
(IX)
(1Y)
{SP)
(IX+d)
{IY+d)
FFOOHE {SP+d) -
Internal RAM (HL+A)
(128 byte {nn)
.
FF80H| External Memory Direct Area
{64 byte) {n)
FFCOH
Internal /O
{48 byte) /
%
FFFOH|  External Memory
(16 byte)
FFFFH !

240889

Figure 3.2 Memory Map
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3.3 Interrupt Functions

The TMP90C802 supports a general purpose interrupt processing mode and a micro
DMA processing mode that enables automatic data transferred by the CPU for internal
and external interrupt requests.

After the reset state is released, all interrupt requests are processed in the general
purpose interrupt processing mode. However, they can be processed in the micro DMA
processing mode by using a DMA enable register to be described later.

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

Gnterrupt Processin@

Reading of Interrupt Vector 'V’

Micro-DMA YES
Processing Mode

NO
General-Purpose Interrupt Micro-DMA
Processing Processing

Figure 3.3 (1) Interrupt Response Flowchart

240889

When an interrupt is requested, the source of the interrupt transmits the request to
the CPU via an internal interrupt controller. The CPU starts the interrupt processing if
it is a non-maskable or maskable interrupt requested in the EI state. However, a
maskable interrupt requested in the DI state (IFF=*0") is ignored.

Having acknowledged an interrupt, the CPU reads out the interrupt vector from the
internal interrupt controller to find out the interrupt source.

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

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

3.3.1 General Purpose Interrupt Processing

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

The CPU stores the contents of the program counter PC and the register pair AF into
the stack, and resets the interrupt enable flag IFF to “0” (disable interrupts). Then
transfers the value of the interrupt vector “V” to the program counter, and the
processing jumps to an interrupt processing program.
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The overhead for the entire process from accepting an interrupt to jumping to an
interrupt processing program is 20 states.

General-Purpose
Interrupt Processing

(SP-1) «PCH
(SP-2) «PCL
(SP-3) A

(5P -4) —F (include IFF) | = 20states

SPe-SP-4 4ps (@ 10MHz)
IFEe0 3.2u5 (@ 12.5MHz)

PC « V

g

Interrupt processing
program

RETl instruction
F « (SP)
A« (SP+1)

PCL « (SP+2)
PCH « (SP+3)
SP « SP+4

( END ) 240389

Figure 3.3 (2) General Purpose Interrupt Processing Flowchart

An interrupt (Maskable and Nonmaskable) processing program ends with a RETI
instruction.

When this instruction is executed, the data previously stacked from the program
counter PC and the register pair AF are restored.

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

A non-maskable interrupt cannot be disabled by programming. A maskable inter-
rupt, on the other hand, can be enabled or disabled by programming. An interrupt
enable flip flop (IFF) is provided on the bit 5 of Register F in the CPU. The interrupt is
enabled or disabled by setting IFF to “1” by the EI instruction or to “0” by the DI
instruction, respectively. IFF is reset to “0” by the reset operation or the acceptance of
any interrupt {(including non-maskable interrupt). The EI instruction is executed after
the subsequent instruction is executed.
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Table 3.3 (1) lists the possible interrupt sources.
Table3.3 (1) Interrupt Sources

:iadr:ess of Start
Priority Vector Vector |general address of
Type Interrupt source value Micro DMA
order ) value |purpose .
+8 ; processing
interru Pt parameter
processing
1 Non SWl instruction L 02H 10H 0010H -
2 maskable NMi (Input from NMI pin} 03H 18H 0018H -
3 INTWD (watchdog) 04H 20H 0020H -
4 INTO (External input 0) 05H 28H 0028H -
5 INTTO (Timer 0} 06H 30H 0030H FF30H
6 INTT1 (Timer 1} 07H 38H 0038H FF38H
7 Maskable |INTT2 (Timer 2) 08H 40H 0040H -
8 INTT3 (Timer 3) 09H 48H 0048H -
9 INT1 {(External input 1} 0BH 58H 0058H -
10 INTRX {End of serial receiving) OEH 70H 0070H FF70H
11 INTTX (End of serial transmission} OFH 78H 0078H FF78H

240889

The “priority order” in the table shows the order of the interrupt source to be
acknowledged by the CPU when more than interrupt are requested at one time.

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

The internal interrupt controller merely determines the priority of the sources of
interrupts to be acknowledged by the CPU when more than one interrupt are requested
at a time. It is, therefore, unable to compare the priority of interrupt being executed
with the one being requested.

3.3.2 Micro DMA Processing

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

If the number of transfer becomes “0”, the CPU proceeds to the general purpose
interrupt handling described in the previous chapter.
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CMicro DMA Processing)

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

Data Transfer between Memories
(DST) « (SRQ)
DST « DST+0/1/2
SRC <« SRCt0/1/2

Saving of Update Parameters

(FFOOH + V + 3} W ¢« SRC
(FFOQOH +V + 1) W « DST
Decrement of No. of Transfer DST :  Destination

COUNT & (FFOOH + V) SRC :  Source

COUNT « COUNT -1 CMD  : Command (Transfer mode)
(FFOOH + V) «COUNT COUNT : Count(Number of transfer)

YES
COUNT =0 I
General-purpose
NO Interrupt Processing

(& ) -

Figure 3.3 (3) Micro DMA Processing Flowchart

" The micro DMA processing is performed by using only hardware to process interrupts
mostly completed by simple data transfer. The use of hardware allows the micro DMA
processing to handle the interrupt in a higher speed than the conventional methods
using software. The CPU registers are not affected by the micro DMA processing.

Figure 3.3 (4) shows the functions of parameters used in the micro DMA processing.
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FFOOH+V+0: | Number of transfer | ] 1~256
FFOOH+V+1: r Destination address (Lower) ‘ | ]
FFOOH+V+2: I Destination address (Upper) —l a o
FFOOH+V+3: | Source address (Lower) | ]
0~64K
FFOOH+V+4: [ Source address (Upper) I B

76 6 & 8 7 1 __0
FROOHSE: [ x | x | x | x | x |

[ (Transfer mode)

0 0 = Fixcurrentdestination
/source addresses

0 1 = Incrementdestination
address
1 0 = Increment source address
1 1 = Decrementsource address
0 = 1-byte transfer
1 = 2-bytetransfer

(Note) x:don’t care 240889

Figure 3.3 (4) Parameters for Micro DMA Processing

Parameters for the micro DMA processing are located in the internal RAM area (See
Table 3.3 (1) Interrupt Sources). The start address of each parameter is “FFO0H -+
interrupt vector value”, from which a six bytes’ space is used for the parameter. This
space can be used for any other memory purposes if the micro DMA processing is not
used.

The parameters normally consist of the number of transfer, addresses of destination
and source, and transfer mode. The number of transfer indicates the number of data
transfer accepted in the micro DMA processing.

The amount of data transferred by a single micro DMA processing is limited to one or
two bytes. Both the destination and source addresses are specified by 2-byte data. The
address space available for the micro DMA processing ranges from 0000H to FFFFH.

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 the transfer mode and the result of updating
the destination/source addresses.
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Table 3.3(2) Addresses Updated by Micro DMA Processing
Transfer Function Destination Source
mode address address
000 1-byte transfer:  Fix the current source/ 0 0
destination addresses
001 1-byte transfer:  Increment the destination address +1 0
010 1-byte transfer:  Increment the source address 0 +1
011 1-byte transfer:  Decrement the source address 0 -1
100 2-byte transfer:  Fix the current source/ 0 0
destination addresses
101 2-byte transfer:  increment the destination address +2 0
110 2-byte transfer :  Increment the source address 0 +2
111 2-byte transfer:  Decrement the source address | 0 -2

240889

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”,
but the updated results are different as shown in the table 3.3 (2).

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 from FF0OH to FFO6H.

CALL SIOINIT ; Initial setting for serial receiving.

SET 1,(OFFEBH) ;  Enable an interrupt for serial data receiving.

SET 1,(OFFEBH) ;  Setthe micro DMA processing mode for the interrupt.

LD (OFF70H),7 ; Setthe numberof transfer = 7

LDW (OFF71H),0FFO0H ;  Set FFOOH for the destination address.

LDW (OFF73H),0FFEBH ; SetFFEBH for the source (serial receiving buffer) address.

LD  (OFF75H),1 ;  Setthe transfer mode (1-byte transfer : Increment destination
address).

EI

ORG 0070H

Interrupt processing program
after serial data receiving

240889

RETI

Figure 3.3 (5) Example of Micro DMA Processing
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The bus operation in the general purpose interrupt processing and the micro DMA
processing is included in “Table 1.4 (2) Bus Operation for Executing Instructions” in the
previous section.”

The micro DMA processing time (when the number of transfer is not decremented to
0) is 46 states (9.2us at 10MHz oscillation frequency) without regard to the 1-byte/2-byte
transfer mode.

Figure 3.3 (6) shows the interrupt processing flowchart.

Qnterrupt processing)

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

Micro-DMA YES

Processinw

Data Transfer for
Micro-DMA
G -p PUSH PC
o tertupt PUSH AF COUNT & COUNT - 1 Micro-DMA
Processing IFE « 0 Processing
PCeV YES COUNT =0

- % NO -

Interrupt Processing
Program

Instruction of RETI
POP AF )
POP PC

C END )

Figure 3.3 (6) Interrupt Processing Flowchart

240889
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3.3.3 Interrupt Controller

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

The interrupt controller has Interrupt Request Flip-flops, interrupt enable flags, and
micro DMA enable flags (4 channels) for each interrupt channel (11 channels). The
Interrupt Request Flip-flops serve to latch interrupt requests from peripherals. Each
flip-flop is reset to “0” when a reset or interrupt is acknowledged by the CPU and the
vector of the interrupt channel is read into the CPU, or when the CPU executes an
instruction that clears a request to interrupt that channel (write “vector divided by 8”
into the memory address FFC3H). For example, by executing.

LD (OFFC3H), 38H/8, '

The Interrupt Request Flip-flops for the interrupt channel “INTT1” whose vector is
38H isreset to “0”.

The status of an Interrupt Request Flip-flops is found out by reading the memory
address FFC2H or FFC3H. “0” denotes there is no interrupt request, and “1” denotes
that an interrupt is requested. Figure 3.3 (7) illustrates the bit configuration indicating
the status of Interrupt Request Flip-flops.
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7 6 5 i 4 3 i 2 i o1 o0
bit Symbot - IRFO | IRFTO | IRFTY - ! EXT | PICR  POCR
Read/Write - R - w w
Resettin : : : : :
IRFL [Value - o 0 0 - 9 ¢ 0 0
(FFCZH) interrupt Request Flag P1,P2 {P1 control { PO control
) - ) _ i control : ;
Function 1: Interrupt is requested. 0 10 port 0 In o: In
Prohibit i1: Address i1: Out i 1: Qut
Read Madify| i bus H i
Write L
INTT1  request flag 0: Interruptis not
—————> [NTT0 request flag requested
INTO  request flag 1: Interrupt is requested
7 i 6 i s 1 o4 i3 L o2 1 1 i 9
bitSymbol | RFT2 i IRFT3 | - i RF1 i - i _ i IRFRX @ IRFTX
IRFH {Read/Write R (Only IRF Clear code can be used to write)
(FFC3H) [Resettin : : : : : : :
value 9 0 : 0 : - H 0 . H - : 0 : Y
Prohibit Function 1 @ Interrupt s requested. (IRFis cleared to "0” by writting IRF clear code.}

Read Modify — |
Write
INTTX request flag

—— INTRX request flag
» INT1  request flag
> INTT3 request flag
> INTT2 request flag

(Caution)  Writing “vector divided by 8” into the memory address FFC3H clears the Flip-Flop for the
specified interrupt request.

Figure 3.3(7) Configration of Interrupt Request Flip-flops
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Figure 3.3 (8) Block Diagram of Interrupt Controller
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The interrupt enable flags provided for all interrupt request channels are assigned to
the memory address FFE6H or FFE7TH. Setting any of these flags to “1” enables an
interrupt of the respective channel. These flags are initialized to “0” by resetting.

The micro DMA enable flag also provided for each interrupt request channel is
assigned to the memory address FFETH or FFE8H. The interrupt processing for each
channel is placed in the micro DMA processing mode by setting this flag to “1”. This flag
is initialized to “0” (general purpose interrupt processing mode) by resetting.

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

The external interrupt functions are shown below.

interrupt tc:r':;?rg? Mode setting
NMI — ' Falling edge —
; \ Level PS8CR<EDGE> =D
INTO P80
/ Rising edge PBCR<EDGE> =1
INT1 P81 /7 Rising edge —

FOR the pulse width for the external interrupts, see selection 4.7 “Interrupt
Operation”.
Attention should be paid to the following two modes having special circuits :

INTO Level mode IF INTO is not an edge-based interrupt, the function of Interrupt Request
Flip-flop is canceled. Therefore the interrupt request signal must be held
until the interrupt request is acknowledged by the CPU. A change in the
mode (edge to level) automatically clears the interrupt request flag.

The Interrupt Request Flip-flop is cleared only by resetting or reading the
INTRX . s . .
serial channel receiving buffer, and not by an instruction.

240889
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Interrupt enable flag
7 | 6 i 5 i 4 i 3 ¢ 2 {1 i Q@
INTEL [bitSymbol | ET2 : ET3 i - i IEY i - P - ¢ IERX © IETX
(FFEGH) TRoadnwrite RIW
Jaice o i 0 P - i o - 8- f 0 o0
Function 1 : Enable 0 : Disable
G iNTTx interrupt enable flag
L— INTRX interrupt enable flag
» INT1 interrupt enable flag
INTT3 interrupt enable flag
» INTT2 interrupt enable flag
Micro DMA, interrupt enable flag
7 ¢ 6 ¢ 5 i 4 I 3 i 2 i 1 i0
INTEH  |bit Symbol o | - | OETO i DOETM i - i IED i IETO i IETY
(FFE7H) TReadiwrite R/W R/W
feme | o 1 - T o [ o - - o 1 ot o
Function 1 : Enable 0 : Disable t : Enable 0 : Disable
> INTT1 interrupt enable flag
- INTTO interrupt enable flag
L INTO interruptenable flag
> INTT1 DMA enable flag
INTTO DMA enable flag
> Write "0"
Micro DMA enable flags
7 6 ¢ 5 i 4 i 3 i 2 I 1 i 0
DMAEH [bit Symbol - i - i - i - i - P - DERX i DETX
(FFEBH) feeadrwrite - RIW
Resetti : H : : :
Value ° - S L T e R R
Function 1 : Enable 0 : Disable

‘ CINTTX DMA enable flag
!

NTRX DMA enable flag

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

When a HALT instruction is executed, the TMP90C802 selects one of the following
modes as determined by the halt mode set register:

(DRUN : Suspends only the CPU operation. The power consumption remains
unchanged.

(2)IDLEL: Suspends all internal circuits except the internal oscillator. In this mode,
the power consumption is less than 1/10 of that in the normal operation.

(3)IDLE2: Operate only the internal oscillator and specific internal I/0 devices. The
power consumption is less than 1/3 of that in the normal operation.

(4)STOP : Suspends all internal circuits including the internal oscillator. In this
mode, the power consumption is considerably reduced.

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

These HALT state can be released by resetting or requesting an interrupt. The
methods for releasing the HALT status are shown in Table 3.4 (2).

Either a non-maskable or maskable interrupt with EI (enable interrupt) condition is
acknowledged and interrupt processing is processed. A maskable interrupt with DI
(disable interrupt) condition is also acknowledged and CPU starts executing an
instruction that follows the HALT instruction, but the interrupt request flag is held at
“1”.

7 i 6 i s 4 3. 1 2 1 0
WOMOD JbitSymbol | WDTE : WDTP1 | WOTPO | WARM | HALTMT | HaLTMO | exr | DRive
(FFD2H) fpcadrwrite | R/W R/W R/W RIW R R/W
Resetting 1 0 g 0 0 i 0 |undefined] o
1:WDT WDT Detecting time |Warming f5tandby mode Invert 1
» Enable 00: 2"/ fc uptime 00:RUN  mode ‘E?;’(E(hi:z-e ;ci)ndir;ve
Function L0124 0: 2% f¢ 01:STOP  mode |ructionis |sTop
102 1:2%fc | 10:1DLET mode |Sxecuted | mode
11: 2% fc 11:IDLE2 mode

Explainedin

Explained in “3.8 Watchdog Timer”
"3.4.4 STOP mode”

Exchange flag
Explained in “3.1.2 Registers”

Figure 3.4 (1) HALT Mode Set Register

230890
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3.4.1 RUN Mode

Figure 3.4 (2) shows the timing for releasing the HALT state by interrupts in the
RUN/IDLE 2 mode.

In the RUN mode, the system clock in the MCU continues to operate even after a
HALT instruction is executed. Only the CPU stops executing the instruction. Until the
HALT state is released, the CPU repeats dummy cycles. In the HALT state, an inter-
rupt request is sampled with the rising edge of the “CLK” signal.

S A AW aWaWal W aUaWal W aWalaWaWal
]
X

aK _ \ / i\ / \
— {1
A0~15 Next o Next +1
= LB
RD / % -
WR £
DO~7 = = —|—— —<_In -=e—— ——--———-SS-—-———--——-~——-<__I_n --
I
FqﬁﬁT JT_T‘
INTO
(Level) [;(r?-/
INTO, 1
(Rising edge) (:()—J \

Internal INT (C j
(o

HALT instruction Interrupt Acknawiedge
Execution Sequence Sequence

04078%

Figure 3.4(2) Timing Chart for Releasing the HALT State by
Interrupts in RUN/IDLE 2 Modes
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3.4.2 IDLE 1 Mode

Figure 3.4 (3) illustrates the timing for releasing the HALT state by interrupts in the
IDLE 1 mode.

In the IDLE 1 mode, only the internal oscillator and the watchdog timer operate. The
system clock in the MCU stops, and the CLK signal is fixed at the “1” level.

In the HALT state, an interrupt request is sampled asynchronously with the system
clock, however the HALT release (restart of operation) is performed synchronously with
it.

Note: An interrupt requested by the watchdog timer is prohibited through the HALT
period in this mode.

A AVAWAWAWAW AW AWATAWAWAWRWAWAW B!
{{
ak | f \ [ R / \
A0~19 X Npxt :,:, Nedt 77
] i
RD [ 1% I__...
WR )
DO~7 ———-——A—Gn —l—————— === — — ——-———(_Tn -f-
— I
NMI JT_* l
INTO /
(Level} (-
INTQ
(Rising edge) S')—A \
HALT Instruction Interrupt Acknowledge
Execution Sequence Sequence

150689

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

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

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

® 8-bittimer
® Serial interface
e Watchdog timer

MCU90-314
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3.4.4 STOP Mode

Figure 3.4 (4) is a timing chart for releasing the HALT state by interrupts in the
STOP mode.

The STOP mode is selected to stop all internal circuits including the internal
oscillator. In this mode, all pins except special ones are put in the high-impedance state,
independent of the internal operation of the MCU. Table 3.4 (1) summarizes the state of
these pins in the STOP mode. Note, however, that the pre-halt state (The status prior
to execution of HALT instruction) of all output pins can be retained by setting the
internal I/O register WDMOD <DRIVE> (Drive enable: Bit 0 of memory address
FFD2H) to “1”. The content of this register is initialized to “0” by resetting.

When the CPU accepts an interrupt request, the internal oscillator is restarted
immediately. However, to get the stabilized oscillation, the system clock starts its
output after the time set by the warming up counter WDMOD <WARM > (Warming
up: Bit4 of f memory address FFD2H). A warming-up time of either the clock oscillation
time X 2 or X 216 can be set by setting this bit to either “0’ or “1”. This bit is
initialized to “0” by resetting.

Warming-up
Time

o oo, TR R s

)

N
ax | \ [TF-4- f L
)_
|

— ¢
A0~15 _ X | WNpxt R e & Nejt +1
= )
D / R an i e
w VLo

A e e D T S e e R B it (oTF M vy -y G S

rr— {(

NMI 1)} ( l

INTO « '
(Level) )i

INTO ¢ "L
(Risin —

Edge

HALT Instruction Interrupt Acknowledge
Execution Sequence Sequence

200689

Figure 3.4(4) Timing Chart of HALT Released by
Interrupt in STOP Mode

MCU90-315




TOSHIBA (UC/UP) S4YE D WM 9097249 0020891 bLb5 EETOS3

TOSHIBA TMP90C802

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

Table 3.4(1) State of Pinsin STOP Mode

INFOUT DRVE =0 DRVE=1
PO Input mode _
Output mode ouT ouT
P1 Input mode  — IN
Qutput mode —_ ouT
P2 Input mode -— IN
Qutput mode e ouT
p3 Input pin —_— IN
Output pin _ ouT

P80 (INTO) Input pin
P81 {INT?1) Input pin

NMI Input pin

CLK OQutput pin

RESET Input pin

X1 Input pin

X2 Qutput pin i I “1

240889

* . Intermediate hias is still applied to this pin in the zero cross detect mode.

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

The input enable status.

IN: Theinputgateis operating. Fix the input voltage at either “0” or “1” to prevent the pin
floating.

OUT: The output status.

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

Halt mode RUN IDLE2 IDLE1 STOP
WDMOD <HALTM1,0> 00 11 10 01
CPU Halt
ié 0 port \Il(vea&:r;sxter::i;tezte when the halt command S?I'gble 3.401)
g [Sotime  —
E interface
§ wahdogtme L mm—m—m
interrupt controlier ._
NMI O O O @
INTWD O O —_ —
bt INTO O O O O
E . INTTO O 0O — _
o | § INTT1 O O _ _
é g INTT2 O O — —
i INTT3 O O - —_
+_‘: INT1 O 0 — _
T INTRX 0O O - —
INTTX O O _ _
Reset @) O O O

QO : Canbe used torelease the halt commnad. otoast

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

The TMP90C802 contains total 32 pins input/output ports. These ports function not
only for the general-purpose I/O but also for the input/output of the internal CPU and
I/0. Table 3.5 describes the functions of these ports.

Table 3.5 Functions of Ports

Port . No. of e Direction set | Resetting Pin name for
name Pin name pins Direction unit value internal function
Port 0 POO~PQ7 8 Vo Byte Input DO~D7
Port 1 P10~P17 8 /o Byte Input AD~A7
Port 2 P20~P27 8 e Bit Input A8~A15
Port3 P31 1 Input - Input RxD
P32 1 Qutput - Qutput |SCLK
P33 1 Output - Output | TxD
P35 1 Qutput - Output |RD
P36 1 Output - Output |WR
P37 1 Input - Input WAIT/TO1
Port8 P80 1 Input - Input INTO
P81 1 Input = Input INT1/TI2

230830
These port pins function as the general-purpose input/output ports by resetting. The

port pins, for which input or output is programmably selectable, function as input ports
by resetting. A separate program isrequired to use them for an internal function.
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3.5.1 Port 0 (PO0~PQ7)

Port 0 is an 8-bit general-purpose I/O port PO whose /O function is specified by the
control register POICR <POC> in byte. By resetting all bits of the control register are
initialized to “0”, whereby Port 0 turns to the input mode, and the contents of the
output latch register are undefined

Reset

Direction
controller
{Byte)

4 External Access (Data Write)
Write PO1CR S

Output A
Latch

Selector
<

“D Port 0

POO~PO7
} Output (D0~D7)

Write PO Butfer

e

| S

Read PO

Data Bus

Internal

Y]

B‘

1 >Y

T
—~— External Access (Data Read)

Selector

230890

Figure 3.5 (1) Port0
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3.5.2 Port 1 (P10~P17)

Port 1 is an 8-bit general-purpose I/O port P1 whose I/O function is specified by the
control register POICR <P1C>> in byte. All bits of the output latch and the control
register are initialized to “0” by resetting, whereby Port 1 is put in the input mode.

In addition to the general-purpose I/O port function, it functions as an address bus
(AO~AT). The address bus function can be selected by setting only the external
extension control register PO1ICR <EXT> to “1” regardless of the status of the above
contral register <P1C>. The <EXT> register is reset to “0” whereby Port 1 and Port 2
turn to the general-purpose I/O mode.

(Internal Address Bus (A0~Aﬂ

Reset
~1 —t PO1CR <EXT>
Direction
controller
{Byte)
3 Write POTCR
© S
g L (&[5,
Output | u Port 1
- Lateh > @ L Pi0~P17
© Alw Output (A0~A7)
c 4 ) Buffer
@ Write P1
-
o
==
A
g i —

Read P1

190990

Figure 3.5 (2) Port1
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Port 0 Register

7 i 6 {5 i 4 i3 i 2 i 1 I 9
PO  |bitSymbol PO7 i PO6 : POS i PO4 i PO3 i PO2 | PO1 i POO
(FFCOH) 1peadiwrite R/W
\I}g?s'éting Input Mode
Port 1 Register
7 6 i 5 i 4 i 3 : 2 i 1 i ¢
P1  |bitSymbol Pi7_ i P16 P15 D P4 i PI3 i P12 i Pt i P10
(FFC1H) Read/Write R/W
5:?3;“"9 Input Mode
Port 0,1 Control Register
= 7 1 6 {5 1 4 i 3 i 2 i 1 i g
POICR  |bit Symbol - i RFO_ [ IRFTO  IRFTt : - i EXT i PIC i POC
(FFC2H) lreagrwvrite | - R oo w w
Resettin : : i : : : ;
Value ° i SN N S S NS S S L N R
: Interrupt Request Flag §P1. P2 P1 control fPO control
Function - 1: Int i ted i _ i control :
Interrupt Is reques 0: VO port (0: In f0:In
i1: Address 11: Qut  i1: Out
: bus H :
Prohibit : : : ! i
Read Modify | ] —] |
Write. Explainedin “3.3.3 Interrupt contreller” L
Set I/0 of Port 0
0 |[input
1 | Output
L_».Set /O of Port 1

> Set general-purpose port/address
bus of Ports 1 and 2

0 | General-purpose port

1 | Address bus

230890

Figure 3.5 (3) Registers for Port 0 and 1
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3.5.3 Port 2 (P20~P27)

Port 2 is an 8-bit general-purpose I/O port P2 whose I/O functions are specified by the
control register P2CR for each bit. All bits of the output latch and the control register
are initialized to “0” by resetting, where by Port 2 turns to the input mode.

In addition to the general-purpose I/O port function, it functions as an address bus
(A8~A15). The address bus function can be selected by setting the register PO1ICR
<EXT> (shared with port 1) to “1” and setting the Port 2 control register P2CR to the
output mode. When the Port 2 control register P2CR is set to “0”, Port 2 functions as an
input port, regardless of the status of the <EXT> register.

( Internal Address Bus (A8~A1 5)(

Reset
~1
——i PO1CR <EXT>

Direction
controller
(Bit

Write P2CR

Qutput
Latch A

Y Port 2
L P20~P27

Qutput -
Buffer (A8~A15)

Y
|Se|ector
w

Write P2

internal Data Bus
(=]

f—(j_—_—'

g L

190930

Figure 3.5({4) Port2
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Port 2 Register

| 7 i 6 05 f a4 ¢ 3 T 3 i 1 i 9
P2 [bitSymbol | P27 | P26 | P25 P4 | P23 i P2 a1 | P20
(FFCAH) [ o adwrite R/W

s_gfiting Input Mode

Port 2 Control Register

7 6 i 5 i 4 i 3 f 2 1 1 I o
P2CR [bitSymbol | P27C | P26C_: P25C i P2aC | P23C | P22C i P21C i p20C
(FFCSH) Read/Write w
Vawe™ | o i o T o f o T o T o I ¢ [ 4
Prohibit Function G:In 1:0ut (/Oselected bit by bit)
Read Modify L J
Write ‘ L» Set I/ of Port 2 and Address Bus
POICR
P2CR SEXT> 0 1
<P2XC>
0 Input Port Input Port
1 Output Port Address Bus
Note : Settings can be in units of bits. Here, P2CR<P2XC>
is the Xth bit of P2CR.

010491

Figure 3.5(5) Registers for Port 2
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3.5.4 Port 3 (P31~P33, P35~P37)

Port 3 is a 6-bit general-purpose I/O port P3 with fixed I/O function. All bits of the
output latch are initialized to “1” by resetting, and “High level” is generated to the
output port.

In addition to the I/O port function, P31~P33 have the I/O function for the internal
serial interface, while P35~P37 have the external memory control function. The
additional functions can be selected by the control register PSCR. All bits of the control
register are initialized to “0” by resetting, and the port turns to the general-purpose I/0
Ports mode.

However, P37 is placed in the input mode after resetting, and turns to the TO1
output port mode after writing PSCR <WAITC1,0>=1,1.

Further, access of an external memory makes P35 and P36 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 P35 (RD)
and P36 (WR) should be kept at “1” which is the initial value after the reset.

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

"] Reset
set
Qutput N
Latch P3CR<RDE> L~ Port3 Output
1 Qutput Buffer P32, P33
Write P3
4+ External Access
w
3 .
@ o
-
e H —D' Port 3 Qutput
a @ Output Buffer P35 (RD)
i
@ RD
- s
@ [
T Al g
- b > Port 3 Output
B E Qutput Buffer P36 (WR)
,’1 —
T WR
Read P3
<1 D Port 3 Input
F E“”“”".“””"""""““““ ""”“"“""""“""""“E P3‘|' P37
Read P3 [ Wait ;
: Input  Qply for P37 Function
...................................................................... 190990

Figure 3.5(6) Port3
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Port 3 Register

7+ 6 i 5 i 4 i 3 i 2 1 1 T 0

P3 bitSymbol | P37 ! P36 : P35 i ~ ! P33 i P2 : P31 | -
(FFCBH) fReadrwrite | R m/w | R/W i - mR/w [ RIW | R F
I A A S ST R T S

Port 3 Control Register

7 P 6 i 5 i 4 3 2 i1 i
PICR [bitSymbol | WAITCI | WAITCO | RDE | ODE TXDC1 | TXDCO ; RXDC1 i =
(FFCTH) [Readnwrite R/W P Rw D orRw | Rw P Rw D Riw -
Vaae 2 0 0 0 o o i o { o : -
Wait controi RD control P33controlf P33 i P32 P31
00: 2state wait  :0: RD for :0: CMOS 00: Qut i 0: Out 0: In ;
Function 01: normal wait oniy Output § 01: Out : H -
10 , ioexternaliy. open | 10: TxD § 1: SCLK: : RxD
Lnon w H H : !
al : access : Drain 1 TxD | :
11: Not used i1: Always ;  Output :
PRD
- | L |

Explained in “3.8 Serial Channel”

Set port P33 to open drain output
0 | CMOS output

1 | Opendrain output

= Set port P35 to fixed RD mode

0 | General-purpose Y0 port

1 | Fixed as RD Pin

WAIT control

00 | 2state wait

Normal wait

11 | Output for Timer 0/1

230890

Figure 3.5(7) Register for Ports 3
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3.5.5 Port 8 (PB0~P81)

Port 8 is a 2-bit general-purpose INPUT port P8.
Port 8 also has the functions of interrupt request input, and clock input for a
timer/event counter.

(1) P8O/INTO

P80 is a general-purpose input port, also used as the external interrupt request input
pin INTQ. INTO allows the selection of either an “H” level interrupt or rising edge
interrupt by using the control register PBSCR <EDGE>.

]

SE—<- —Z} [ ]psonnTo
© f Input '

- Read P8 Schmitt

@

]

o | Interrupt ||evel/Edge
- INTO =] Detection
c
P8CR
e T
Write P8CR

240889

Figure 3.5(8) Port PBO/INTO

(2) PBIANTITI2

P81 is a general-purpose input port, also used as the external interrupt request input
pin INT1 and the clock input pin TI2 for the timer/event counter.

This port incorporates a zero-cross detection circuit, and enables zero-cross detection
by connecting an external capacitor. The zero-cross detection can be disabled/enabled by
using the control register PBCR <ZCE1>. This control register is reset to “0”, 'making
the zero-cross detection disabled by resetting.
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] Capacitor
i
o0
N J % 8 P81/INT1/TI2
s Read P8  INT1,TI2 T = 800ka
s
_ L]
©
o
L]
- PBCR
c
" T
Write P8CR 200889
Figure 3.5 (9) Port PB1/INT1/TI2
Port 8 Register
7 P06 i o5 F o4 b 3t 3 1 0
pg  |bit Symbol - - i - - - - i 81 P80
(FFDOH) Fgeadrwrite R i R
Yoteming {  input Mode
Part 8 Control Register
7 i 6 i 5 i 4 {3 i 2 i 1 I ¢
P8CR  |bit Symbol - b - b - b - b -~ 1 gcE1 | EDGE
(FFD1H) fpeadrwrite Powoiow
Resetting : : : : : : :
Value : : : i i 3 0 :, 0
VINTUTIA CINTO
i control ; control
. : : : : : 11:2¢D 0 levei
Function : : enable | ;. 1 edge
Prohibit : : : 5
Read Modify I
Write.
I—» Control INTO
0 Interrupt by “H" level
detection
1 Interrupt by “H" rising edge
detection

—» P81/INT1/TIZ zero-cross enable

0 | Disable

Figure 3.5 (10) Registers for Port 8
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3.6 Timers

The TMP90C802 incorporates four 8-bit timers.

The four 8-bit timers can be operated independently, and can also be functioned as
two 16-bit timer by mode setting: Timer 2 has an event counter function, so that it can
also be used as an 8-bit counter. Furthermore, it can be used as a 16-bit counter
cascaded with Timer 3.

8-bit interval timer mode (4 timers)

16-bit interval timer mode (2 timers)

8-bit programmable pulse generation (PPG) output mode (Timer 0 and Timer 1)
8-bit PWM output mode (Timer 1) Possible arrangements : 8-bit X2 and 16-bit X1
8-bit event counter mode (Timer 2)

16-bit event counter mode (Timer 2 and Timer 3)

Software counter latch function (Timer 2 and Timer 3)

3.6.1 8-bit Timers

The TMP90C802 incorporates four 8-bit interval timers (Timers 0, 1, 2 and 3}, each of
which can be operated independently. The cascade connection of Timer 0 and 1, or
Timer 2 and 3 allows these timers used as 16-bit internal timers.

Figure 3.6 (1) is a block diagram of the 8-bit timers (Timer 0 and Timer 1} .

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

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

Internal clocks (4T1, 4T16 and ¢4T256), some of the input clock sources for the interval
timers, are generated by the 9-bit prescaler shown in Figure 3.6 (3) .

Their operating modes of the 8-bit timers and flip-flops are controlled by four control
registers (TCLK, TFFCR, TMOD and TRUN) .
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Figure 3.6 (1) Block Diagram of 8-bit Timers (Timer 0 and Timer 1)
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Figure 3.6 (2) Block Diagram of 8-bit Timer/Counter (Timer 2 and Timer 3)
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@ Prescaler

An 9-bit prescaler is provided to further devide the clock frequency already divided
to a 1/4 of the frequency of the source clock (fc).

It generates an input clock pulse for the 8-bit timers, the baud-rate generator, etc.

For the 8-bit timers, three types of clock are generated (¢T1, 4T16 and 4T256).

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

By resetting, <PRRUN> isinitialized to “0”, making the prescaler clear and stop.

Cycle
fc ;
Input 8MHz 10MHz
clock
$T1(8/fc) 1.0us 0.8us
¢T16(128/fc) 1648 12.8us
¢$T256(2048/fc) 256us 204 8us

#T1  4T4 4T16 4764 $T256
bt 1 t
. 12 3 45 6 7 9
Oscillator f
L C
circuit —= 1/4 T4 > 9- Bit Prescaler
Trun/stop & clear
—m ‘|
12 ¢ . TURN <PRRUN>
ystem
42 { “Clock

ST I I I I O B

fua

. | 1|

4T4 | I

240889

Figure 3.6 (3} Prescaler
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@ Up-counter

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

The input clock pulse for Timer 0 and 2 is selected from ¢T1, ¢T16 and 3T256
according to the setting of the TCLK register. When using Timer 2 as the counter, set
bit 4 and bit 5 of TCLK to “0”.

Example: When setting TCLK <TOCLK1, 0> =0, 1, 4T1 is selected as the input
clock pulse for Timer 0.

The input clock pulse to Timer 1 and 3 is selected according to the operating mode.
In the 16-bit timer/counter mode, the overflow output of Timer 0 and 2 is
automatically selected as the input clock pulse, regardless of the setting of the TCLK
register.

In the other operating modes, the clock pulse is selected among the internal clocks
¢T1, ¢T16 and ¢T256, and the output of the Timer 0 and 2 comparator (match signal).

Example: If TMOD <T10M10> =0, 1, the overflow output of Timer 0 is selected
as the input clock to Timer 1. (16 bit timer mode)
If TMOD<T10M1, 0>=0, 0 and TCLK<TICLK1, 0>=0, 1, 4T1 is
selected as the input clock to Timer 1. (8 bit timer mode)

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

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

By resetting, all up-counters are cleared to stop the timers.
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Timer2, 3 Timer 0, 1

T™MOD
(FFDAH)

7 i 6

3 ¢ 2 i 1 i 0

bit Symbol

T3aZM1 | T32MO

PTIoM1 ( T10

MO | PWMO1 i PWMOO

10: Don’t care
11: Don'tcare

Read/Write R/W R/IW : R/W
Resettin : B : :
Valae © b+ o o 0o i 0o it 0
00: 8bit Timer | 00:8bit Timer  : 00: —
f Counter : : 6
. S T $01:2°~1 PWM
Function | 01: 16bit Timer . 01: 16bit Timer Frequency
/ Counter ¢ 10: 8bit PPG

£ 11: 8bit PWM

P10: 271

P11 28

|

L Select PWM1 cycle

(“Don't care” in non-PWM modes)

b Set operating mode of Timer 0 and 1.

8-bit timer x 2 (Timer 0, Timer 1)

8-bit PWM output (Timer 1)

+ 8-bit timer (Timer 0)

Set operating mode of Timer 2 and 3.

00
01
10
1

8-hit timer/ counter

270890

Figure 3.5 (4} 8-bit Timer Mode Register TMOD
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Timer 3 Timer 2 Timer 1 Timer 0
1 { 1
7 { 6 s i a ¢ 3 1 2 i 1 i 90
TCLK [bit Symbol | T3CLK1 : T3CLKO i T2CLK1 i T2CLKO | TICLK1 i TICLKO i TOCLKY : TOCLKO
(FFD8H) p eadwrite RIW R/W RIW R/W
Resettin ; H : : H :
Value 2 o i 0 o ¢ o ¢ o0 : O f o i 0
00: TO2TRG i 00: TI2 { 00: TOOTRG i 00: —
H H 1: i 1: 1
Function | 01¢ #T1 L 01: ¢TH [ 01: g L 011 g
10: 4T16 I 10: ¢Ti6 1 10: ¢4T16 P10 ¢T16
11: 47256 i 11: 4T256 P 11: gT256 11 47256
L 1 1 1 J

I" Timer 0 input clock
00 —_
01 |ntema|c|ockq>'r1
10 oo'ru;
RTN + T256(Note)
e

Timer 1 input clock
TMOD<TIOM1,0>+#0,1 |TMOD<TI0M1,0> =0,1

00 {Timer 0 comparator
output Timer 0 overfiow output

01 |Internal clock &T1 {16 bit timer mode)

1" ¢ ©T256 (Note)

Timer 3 input clock

TMOD<T32M1,0>%#0,1 |TMOD<T32M1,0>=0, 1
00 | Timer 2 comparator
output Timer 2 overflow output
01 | Internal cdlock ©T1 (16 bit timer mode)
10 L4 OT16
| 1 z dT256
Note : can use at 16 bit timer mode.
031090

Figure 3.6 (5) B8-bit Timer Clock Control Register TCLK
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8bit Timer

7 i 6 i 5 i+ 4 i 3 i 2 i 1 i 0
TRUN [bit Symbol | BRATE! | BRATEO i PRRUN | - i T3RUN : T2RUN | TIRUN | TORUN

{FFDBH) Jpeadiwrite RIW RIW
Resetting | "9 ¢ o { o { - { o { @ i o i o

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

10: 4800/2400 0: Stop & Clear

11: 19200/9600 1: Run {Count up)

. =N R B

I—» Select Timer 0 operation
0 !Stopandclear

Function

> Select Timer 1 operation

0 |Stopand clear

L3 Select Timer 2 operation

Q |Stopand clear

— Select Timer 3 operation

0 |Stopandclear

Select prescaler operation
0 |Stop and clear

» Select transfer speed of serial /O baud rate
generator (fc = 9.8304MHz)

SCMOD<5C1,0>=0, 1 | SCMOD<SC1,0>=1,1
Q0 300 bps 150 bps
01 . 1200 ............................... 500
10 ........... 4300 .............................. 2400 ......................
S 19200 .............................. 9600 ......................

Figure 3.6 (6) Timer/Serial Channel Control Registers TRUN

MCU90-335




TOSHIBA (UC/UP)

SHE

TOSHIBA TMP90C802
TFF1
|
7 6 : 5 4 3 i o2 i 1 i D
TFFCR  [bit Symbol | LATCH - ! —_— TFF1C1 TFF1CO TFFHIE : TFF1IS
(FFO9H) |read/write w - — w RIW
Resettin : : :
Value 9 ! — - ; - : 0 : 0
0:LATCH ; 00:Clear TFF1  I1: TFF1  i0:tnvert
{one 01: Set TEF1 Invert | by 8-bit
Function shot) - - ! 10:Invert TFF1 Enable : _t'mer 0
H , i1:Invert
: 11:Dont care by 8-bit
timer 1
L |
L—> Select inverse signal of timer flip-flop TFF1
TMOD3, 2
FF1IS 0,0 0,1 1,0 1,1
0 8-bit timer mode
: {Timer 0)
1 8-bit timer mode 16-bit timer mode PPG mode | PWM mode
(Timer 1) {Timers 0 & 1) (Timer 1) (Timer 1)
> Inverttimer flip-flop TFF1
0 Disable
1 Enable
=an——e——3= Control timer flip-flop TFF1
00 Clear TFF1 to "0"
01 Set TFF1 to "1*
10 Invert value of TFF1 (Software inversion)
11 Don't care (Always set at " 11" when read out)
Software latch trigger
0 Fetch the value of up-counter into the counter latch register.
1 Don't care (Always set to “1* when read out).

270890

Figure 3.6 (7) 8-bit Timer Flip-Flop Control Register (TFFCR)
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® Timer registers

TREGO TREG1 TREG2 TREG3
8 - bits 8 - bits 8 - bits 8 - bits
FFD4H FFDSH FFD6H FFD7H  Note : Only for writing

8-bit registers are provided to set the interval time. When the set value of a timer
register matches that of an up-counter, the match signal of their comparators turn to
the active mode. If “00H” is set, this signal becomes active when the up-counter
overflows.

The values of the timer register 0 and the timer register 1 cannot be read. The
values of the timer register 2 and the timer register 3, however, can be read because
these registers are assigned same address with the counter latch registers. When the
values of these registers are read, they become the values of the counter latch
registers (Read only register). When the values of these registers are written, they
become the values of the values of the timer registers (Write only register).

@ Comparators

A comparator compares the values in an up-counter and a timer register. When
they matches, the up-counter is cleared to “0”, and an interrupt signal (INTTn) is
generated. If the Timer Flip-Flop inversion is enabled by the Timer Flip-Flop Control
Register, the Timer Flip-Flop is inverted.

® Timer FliF-flop (Timer F/F)

The status of the Timer Flip-Flop is inverted by the match signal (output by
comparator) of each interval timer. Its status can be output to the timer output pin -
TO1 (also used as P37).

This Timer F/F is provided to the timer pair, Timer 0 - Timer 1, and is called TFF1.
The status of TFF1 is output to TO1.

The Timer F/F are controlled by a Timer Flip-Flop Control Register (TFFCR).
® TFFCR<FF1IS> is a timer selection bit for inversion of TFF1. In the 8-bit timer
mode, inversion is enabled by the match signal from Timer 0 if this bit is set to “0”,
or by the signal from Timer 1 if set to “1”.

In any other mode, <FF1IS> must be always set to “1”. It is initialized to “0” by
resetting.
¢ TFFCR<FF1IE> controls the inversion of TFF1. Setting this bit to “1” enables
the inversion and setting it to “0” disable.

<FF1IE> isinitialized to “0” by resetting.

The bits TFFCR are used to set/reset TFF1 or enable its inversion by software.
TFF1is reset by writing “0, 07, set by “0, 1” and inverted by “1, 0.

The 8-bit timers operate as follows:
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(1) 8-bittimer mode

The four interval timers, Timer 0, Timer 1, Timer 2 and Timer 3, can be operated
independently as the 8-bit interval timers. Only the operation of Timer 1 is described in
this section because the operations of all the timers are the same.

D Generating interrupts at specified intervals

Periodic interrupts can be generated by using Timer 1 (INTT1) in the following
procedure: Stop Timer 1, set the desired operating mode, input clock and cycle time
in, the registers TMOD, TCLK and TREG1, enable INTT1, and start the counting of
Timer 1.

Example: To generate Timer 1 interrupt every 40.s at fc=10 MHz, the registers
should be set as follows :

MSB LSB
_ 765643210
TRUN ¢ - -=-~--= 0 - Stop Timer 1, and clear it to “0”.
TMOD ¢ ----00XIX Set the 8-bit timer mode.
TCLK ¢ ----01-- Select ¢T1 (0.845 @fc= 10 MHz) as the input clock.
TREG1 « 00110010 Set the timer register at 40us/¢T1=32H.
INTEH ¢ - = - = — = — 1 Enable INTT1.
[TRUN ¢ ~-1---1- Start Timer 1.
Note: X:Don'tcare —=:Nochange

Use the following table for selecting the input clock:
Table 3.6 (1) 8-bit timer interrupt cycle and input clock

Interrupt cycle @fc= 10 MHz | Resolution Input clock
0.8us ~ 204us 0.8us $T1  (8/fc)
12.8u4s ~ 3.264ms 12.8us $T16 (128/fc)
204.8us ~ 52.429ms 204.8us $#T256(2048/fc)

250889

@ Generating pulse at 50% duty

The Timer Flip-flop is inverted at specified intervals, and its status is output to a
timer output pin TO1 (only Timer 0, Timer 1). |
Example: To output pulse from TO1 at fc=10 MHz every 4.84s, the registers should
be set as follows:
This example uses Timer 1, but the same operation can be effected by
using Timer 0.
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MsB LSB
76543210
[TRUN ¢« - - - - - - 0 - Stop Timer 1, and clear it to “0”.
TMOD ¢ =----00XX Set the 8-bit timer mode.
TCK ¢ - -=-01-- Select $T1 as the input clock,
TREGL « 0000001 Set the timer register at 4.8,.s/¢T1/2=3.
TFFCR ¢ ~---0011 Clear TFF1 to “0”, and set to invert by the match
signal from Timer 1,
P3CR + 11-~=+« -~ Select P37 as TO1 pin,
[TRUN ¢ --1---1- Start Timer 1.
Note: X :Don’tcare = :Nochange

LN T I I I N Y e Y e Y e A e B e e |
TRUN<TIRUN> -
BIT?7~2 "
Up- -
Counter 5! W
sro 0 [ 1 L2 3 4 7+ L2 T3 Lo 2_[3 o
Comparator
Timing M__I1 M__T1 [
Comparator Output S‘_I
(match signal) I_I _ r—l
wrr \ al M
Up counter Clear L‘{ H ) "_
' '
TFF1 & i E
$ L
1 ]
TO1 E/ :r\ |
1 [}

24,5@fc=10MHz

\

040789

Figure 3.6 (8) Pulse Output (50% duty) Timing Chart
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@ Making Timer 1 count up by match signal from Timer 0 comparator.

Select the 8-bit timer mode, and set the comparator output of Timer 0 as the input
clock to Timer 1.

Tl |

Comparator Match signal

ULl €3 63 €3 £ 60 8 8 & O 5 6 B §

Up-Counter of Timer 1 1 X 2 x 1
(TREG1=2) )
Match Signal from n
Timer 1
250889
Figure 3.6 (9)

@ Software inversion

The Timer Flip-Flops can be inverted by software independent of the timer
operation.
Writing “1, 0” into the bits TFFCR<TFF1C1, 0> inverts TFF1.

® Initial setting of Timer Flip-Flops

The Timer Flip-flops can be initialized to either “0” or “1” without regard to the
timer operation.

TFF1 is initialized to “0” by writing “0, 0” into TFFCR<TFF1Cl1, 0>, and “1” by
writing “0, 1” into these bits.

(Note) : Reading the data from the Timer Flip-flops and timer registers is prohibited.
(2) 16-bit timer mode

The Timer 0 and Timer 1 or Timer 2 and Timer 3 can be used as one 16-bit interval
timer, '

Only the operation of Timer 0 and Timer 1 is described in this section since the
operation of Timer 2 and Timer 3 is identical with that of Timer 0 and Timer 1 except a
pair of Timer 2 and 3 does not have Timer Output function.

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

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

I
0.845~52.43ms 0.8us #T1  (8/fc)

12.845~838.86ms 12.8us $T16 (128/fc)

204 8us~13.42s 204 8.5 $T256(256/c)

250889

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

Example: To generate interrupts INTT1 at fe=8MHz every 1 second, the timer

registers TREG0 and TREG1 should be set as follows:
As 4T16 (=16.us @8MHz) is selected as the input clock,
1sec/16us = 62500 = F424H

Therefore,
TREG1 = F4H
TREGO = 24H

The match signal is generated by Timer 0 comparator each time the up-counter UCO
matches TREGO. In this case, the up-counter UCO is not cleared, but the interrupt
INTTO is generated.

Timer 1 comparator also generates the match signal each time the up-counter UC1
matchs TREG1. When the match signal is generated simultaneously from comparators
of Timer 0 and Timer 1, the up-counters UCO and UCL are cleared to “0”, and the
interrupt INTT1 is generated. If the Timer Flip-Flop inversion is enabled by the Timer
Flip-Flop control register, the Timer Flip-Flop TFF1 is inverted at the same time.

Timer 0 Timer 1
INTTO TO1 match INTT1 TO1 match
16 bit Timer Mode Interrupt is Can'toutput | TREGO Interrupt is Canoutput TREG1#2®
, generated. TO1can'tbe | |/ Continue generated. TO1canbe \ | + TREGO(16bit)
Count-up Timer 1 by output counting ) output Cleared by
overflow of Timer 0 matching when match matching (matchin with
with TREGO. with both both registers.
TREGO and
TREG1
8 bit Timer Mode Interruptis Can output TREGO Interruptis Can output TREG1*TREGD
Count-up Timer 1 generated. Timer 0 Clear when | [generated. Timer 0 ( \'\/’“{itip"ed )
by matching of or match or Cla ve db
Timer 0 Timer 1 Timer 1 ( mgtacrﬁingy )

031690
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Example: Given TREG1=04H and TREG0=80H,

Value of Up-Counter 0400H

e, Um)p- 0000H 0080H 0180H 0280H 0380H 0480H
Timer 0 ﬂ " " “

Comparator Match Signal I\ |

Interrupt INTT1

Timer Output TO1 X Invert signal
200689

Figure 3.6 (10)
{3) 8-bit PPG (Programmable pulse generation) mode

Pulse can be generated at any frequency and duty rate by Timer 1. The output pulse
may be either low-or high-active.

In this mode, Timer 0 can not be used.

Pulse is output to TO1 (shared with P37).

! ¢ 250883

Following is the timing of Timer 1

-(!-l.:\rEr?‘g)=UC1 ﬂ ) ﬂ
RN R

TO1 l I

TREGO I

TREG1
e RREE——

250889

In the 8-bit PPG mode, programamable pulse is generated by the inversion of the timer
output each time the 8-bit up-counter 1 (UC1) matches the timer register TREGO or
TREG1.

Note that the set value of TREG0 must be smaller than that of TREG1.

In this mode, the up-counter UCO of Timer 0 can not be used (Set TRUN
<TORUN> =1, and count the Timer 0).

The block diagram of the PPG mode is illustrated as follows :
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TRUN<TIRUN> 101

T1 (8 — l
¢ /i) Clack 8-bit 1

$#T16 (128/fc) —

$T256(2048/5c) Control Up-Counter UC1 ‘Ciear —_— TFI:CR<TFF1|E>

T T T T invert Signal

TMOD<Ti0M TCLK<TICLK

1,0>=1,0 1,0>%#0,0 iﬁL

Comparator 0 Comparator 1
TREGO TREGT

I3t

Internal Data Bus

250889

Figure 3.6(11) Block Diagram of 8-bit PPG Mode
Example: Generate pulse at 50kHz and 1/4 duty rate (@fc = 8MHz)

[T _T1_T1

|“—20 ,uS""I

250889

¢ Calculate the set values of the timer registers.

To obtain the frequency of 50kHz, the pulse cycle t should be: 1/50kHz = 20.s.
Given ¢T1=1us (@8MHz),
2048/15=20
Consequently, the timer register 1 (TREG1) should be set to 20 =14H.
Givena 1/4 duty, tX1/4 = 20X1/4 =5 us
5 usf/l us=>5
As aresult, the timer register 0 (TREGO) should be set to 5=05H.
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[TRUN ¢ - - - - - - 00 Stop Timer 0 and Timer 1, and clear them to “0”.
TCLK « - - --01xx Select ¢T1 as the input clock.
TMOD ¢ ----10xx Set 8-bit PPG mode.
TFFCR + - ---0111 Set the output “H”, and enable the inversion by Timer 1.
LIJ__’ Writing "00” provides negative logic pulse
TREGO « 00000101 Write “6H".
TREGL « 00010100 Write “14H”.
PICR ¢« 11---~--- Select P37 as the TO1 pin.
| TRUN ¢ --1---11 Start Timer 1.
Note: x: Don’tcare -: Nochange

Precautions for PPG Output

By rewriting the content of the TREG (timer register), it is possible to make
TMP90C802 output PPG. However, be careful, since the timing to rewrite TREG differs
depending on the pulse width of PPG to be set. This problem is explained below by an -
example.

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

- TREG1
IR
EGO
o1 [
‘ Y
INTTO  INTT1
occurs occurs 200990

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

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

INTT1 process routine: On the contrary to INTT0, TREGO is rewritten only when
the value to be written in TREGQ is larger than the current
value of TREGO.

TMP90C802 cannot read the content of TREG, so it is necessary to buffer the content
of TREG in a RAM (or the like) for making the above judgment.
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(8) 8-bit PWM (pulse width modulation) mode

This mode is only available for Timer 1, and can output 8-bit resolution PWM. It is
output to TO1 (also used as P37). Timer 0 can be used as 8-bit timers.

The inversion of the timer output occurs when the up-counter (UC1) matches the set
value of the timer register TREG1, as well as when an overflow of 2% —1 (n=6, 7 or 8
selected by TMOD<PWM1, 00> occurred at the counter. The up-counter UCI is
cleared by the occurrence of an overflow of 2" —1. For example, 6-bit PWM is selected
when n=6, and 7-bit PWM is selected whenn=17. '

The following condition must be obtained in this PWM mode:

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

Match signal

from comparator /ﬂ Iﬂ /ﬂ
(INTT?1)

. / A ( (
Overflow }

X

4

el
/‘_'-
|
|

TO1

trwM

250889

The PWM mode can be illustrated as follows:
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TRUN<PRRUN> TRUN<T1RUN>

Comparator Output of Timer 0 —_—
$T1 (@) —

4TI6 (12840 — Clock Contro! > Up-Counter UC1 ~CQlear
$T256(2048/fc) —>
f T1 . 2n-1Counter [*~TMOD<TIM1,0>=1,1
TeLk<TICLK1, 0> 20-1 )| Overflow |« TMOD <PWMO1, 00>
Control <~ (n=6,7 or 8)
Comparator 1
TREG1
TFF1 > TO1

TT Invert TTTT

Internal Data Bus TFFCR
<TFF1C1,0, TFF1IE, TFF1IS>

250889

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

Example: Generate the following PWM to the TO1 pin at fc=10MHz.

= 36us =

[ S I N I R

le— 50.415 —»l 250889

Assuming the PWM cycle is 50.4 zs when ¢T1=0.8 us and @fc=10MHz,
50.4.5/0.8,s=63=25—1

Consequently, n should be set at 6 (TMOD <PWMO01, 00>=0,1).

Given the “L” level period of 36.s, setting ¢T1=0.84s results:
364s/0.84us=45=2DH

As aresult, TREG1 should be set at 2DH.

[TRUN ¢ - - - --- 0 - Stop Timer 1.

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

TMOD ¢« - ---1101 Set the 28— 1cycle in the PWM mode.
TFFCR ¢« - - --0011 Set the initial output to 0 (“L” level).
TREG1 « 00101101 Write “2DH”.

P3CR ¢« 11~ -~~~ - Select P37 as the TO1 pin.

_TRUN « --1---11 Start Timer 1.

(Note): X: Don'tcare - : Nochange
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Table 3.6 (3) PWM Cycle and Selection of 2" -1 counter

PWM cycle (@fc = 10MHz)
Expression 4T1 $T16 $T256
) (8/f) (128/f¢) {2048/fc)
26-1 {26-1)x ¢Tn 50.4.s 806.4.us 12.9ms
2741 (27-1)x ¢Tn 101.648 1625.64s 26.0ms
28-1 (28-1)x ¢Tn 204.0us 3264.0.s 52.2ms

270890
Precautions for PWM output

TMP90C802 can output PWM by the 8 bit timer. However, changing the pulse width
of PWM requires special care. This problem is explained by the following example.

Example: Tooutput PWM by 8 bit timer
TREG1: Pulsewidth
Cycle:  Fixed(26-1,27-1,28-1)

Cycle
TREG1
| JREGT

TO1

Y
INTT1
occurs 200990

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

To eliminate this problem in changing the pulse width, it is effective to halt the timer
with the INTT1 process, modify the value of TREG1, set the timer output to “1”, and
restart the timer. In the meantime, the output waveform loses shape when the pulse
width is changed. This method is valid for a system that allows a deformed output
waveform.
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(5) ATable of All Timer Mode

Table 3.6 (4) Timer Mode

Register name TMOD ] TCLK TFFCR
bit Symbol T10M (T32M) PWM1 TICLK(T3CLK) | TOCLK (T2CLK) FF1IS
Function Timer mode PWM cycle Upper Input Lower Input inversion select
T1, 16, 256
16 bit Ti d 1 — -~ #11,16, 1
it Timer mode 0 ©1,10,11) ")
Comparator
output from e .
8 bit Timer x 2¢h 00 _ Lower timer, $T1, 16, 256 0: Lower t.nmer
#T1, 16, 256 (01,10, 11) 1: Upper timer
(00, 01,10, 11)
. $T1,16, 256
8bit PPG x 1ch 10 — — 1
e X {01, 10, 11)
25-1,27-1,28_1| 4T1,16,256
8bit PWM x 1¢ch y ‘ o —_ 1
! x ke . (01, 10, 11) (01,10,11)
8 bit Timer x 1ch _ _ ¢T1,16, 256 Impossible
(01,10, 11) to output
031090

(Note) — : don't care _
* : [Itispossible to setto “0”, when timer F/F is not used.
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3.6.2 8-bit Timer/Event Countér

(1

Event counter mode

Timer 2 has the 8-bit timer/event counter and can be used not only as the 8-bit timer
but also as the counter. Timer 2 can be placed in the event counter mode by setting the
input clock of Timer 2 as the external count input TI2. Timer 2 and Timer 3 can be used
as an 8-bit counter and an 8-bit timer, respectively, and as a 16-bit counter through
cascade connection. The counter is incremented at the rising edge of the counter input
TI2. The counter input pin TI2 is also used for P81 / INT1 and has the zero-cross
detection function. To use this pin as the counter input pin (TI2), set TCLK <T2CLK1,

0> t0“0,0".

Example : Using the Timer 2 as the event counter.

Stop Timer 2,

Place Timer 2 in the 8-bit timer/counter mode.

+=0: When input waveform of TI2 is pulse.

+=1: When input waveform of TI2 is sine wave.
(Zero-cross detection)

Enable INTT2.

Set the input clock of Timer 2 ag the counter input TI2.

Set the count number.

MSB LSB
— 765643210
"TRUN ¢ - - - -~ 0--
™OD ¢ O00XX----
PBCR ¢ - - - - - - .-
INTEL ¢ 1-------
TCLK ¢« --00----
TREGZ ¢  w o« v 2 2 & 2
[TRUN ¢ == 1~=1=-~

Start Timer 2.

Note: Place the prescalerin the “RUN” mode even if Timer 2 is used as the event counter,

X: Don’t care -: Nochange
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(2) Software counter latch

In the event counter mode, the value of the up-counter can be read by software. When
TFFCR<LATCH > is set to “0”, the counter value at that time is loaded into the counter
latch registers (TREG2 and TREG3). To read value, place the prescaler in the “RUN”
mode (set TRUN <PRRUN> to “1”).

Example : To latch the counter value every 40us at a frequency of 10 MHz, set the
registers as follows:

MSB LSB

B 76543210

TRUN @ - - - - - 00 - Stop Timer 1 and Timer 2 and clear them to “0”.

TMOD 0CO0XX00-- Place Timer 1 in the 8-bit timer mode, and Timer 2 in
the 8-bit timer/counter mode.

TCLK --0001-- Set the input clock of Timer 1 as ¢T1 (0.8us at
fe=10MHz), and Timer 2 as the counter input TI2.

TREG1 00110010 Set 50 (405 +T1) in Timer register 1.

TREG2 N Set Timer register 2.

INTEH - - -~~~ = ~- 1 Enable INTT1.

TRUN --1-=-11- Start Timer 1 and Timer 2.

INTT 1 interrupt.
TFFCR + 0 - - - - - - - Latch the counter value.

The latched counter value can be read by reading Timer register 2.
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3.7 Serial Channel

The TMP90C802 incorporates a serial I/O channel for full-duplex asynchronous
transmission (UART) and I/O expansion.
The serial channel has the following operating modes:

Mode 0: Transmit/Receive I/O data for expand 1/0
and transmit its synchronous signals
SCLK

® [/O interface mode

® Asynchronous transmission (UART ) mode

| Model : 7-bitdata
|_ Mode2 : 8-bitdata
Mode3d : 9-bitdata

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

® Mode 0 (I/0 Interface Mode)

«— Transfer direction

¢ Mode 1(7-bit UART Mode)
”“\startAbitOX 1 X 2 XB X 4 X 5 X Gystop
® Mode 2 (8-bit UART Mode)
v.”\startl(bitﬂx 1 X 2 X 3 X 4 X 5 X 6 X 7 YStop

® Mode 3 (9-bit UART Mode) _
”"\starthitOX 1 X2X3X4X5XG XT XBYstop
“\starthitOX 1 X 2 X 3 X 4 X 5 KGY 7 XbitB)’stop (;l\.l;l;eup)

When Bit 8 = t Address (select code) is denoted.
When Bit 8 = 0 Data is denoted

250889

Figure 3.7 (1) Data Formats

Data received and transmitted are stored temporarily into separate buffer registers to
allow independent transmission and receiving (Full-duplex).

In the I/O interface mode, however, the data transfer is half-duplex due to the single
SCLK (serial clock) pin is used for transmission and receiving.
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The pin function (Port function or serial I/O function) is selected by the Port 3 control
registers. For example, P31 can be used as the RxD pin by setting PSCR<RXDC>to 1.

The receiving buffer register has a double-buffer structure to prevent overruns. The
one buffer receives the next frame data while the other buffer stores the received data.

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

When an request is issued to the CPU to transmit data after the transmitting buffer
becomes empty or to read data after the receiving buffer completed to store data, the
interrupt INTTX or INTRX occurs respectively. In receiving data, the occurrence of an
overrun error, or framing error sets the flag SCCR <OERR, FERR > accordingly.

MCU90-352




TOSHIBA (UC/UP) S54E D WM 9097249 0020928 537 EETOS3
TOSHIBA TMP90C802

3.7.1 Control Registers

The serial channel is controlled by four control registers (SCMOD, SCCR, TRUN,
and P3CR). The received/transmitted data are stored into SCBUF.

7 i 6 5 s i 3 2 Lo i o
scMop|Eitsymbol | B8  Fixedat"0"! RXE i WU i SM1 i SMO ! st 50
{FFE9H) | Read/Write . R/W
fesetting  lundefined 0 0 i o0 i e i o0 i o0 i o0
Function Transmiss»é Write 1 1 : 00 : KO interface SOG:TOZTRG u
ion Bit-8 0" %Receive §Wake up 01: UART 7hit 501 : BR A
datain {Enable | Enable | 10:UART8bit H10: 41 R
9bit : : | 11: UART 9bit i11:8R172 T
UART : :
' ! —
Serial transfer clock
UART mode /O interface
00 | Timer 2 match
signal
01|Baudrate
generator fc/8
10 |Internal clock g1
| PR PO
: generator 1/2 clock
: —— Serial transfer mode
: 00 I/0 interface mode
b oY I 7bltdata ..................
: 10|UARTmode  |@bitdata -
1 11 9-bit data
——> Wake-up function
9-bit UART Other modes
0 |Interruptif data
are received don’t care
"1 [interrupt onlyif |
‘ RB§=1.
: —————— Enable receiving function
; ’ 0 [Disable
: Enable

Transmission data bit 8
Figure 3.7 (2) Serial Channel Mode Register
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T~ 7 i & { s i a4 i 3 { 2 i 1 i 0
bitSymbol | RB8 : — : — ! OERR : — i FERR | — i —
SCCR | ] : 3 : : 5 :
(FFEAH)} Read/Write R : — ! R(Cleared to "0" by reading) -
Reseting [yndefined; — : — | 0 i P o 1 — 1 —
Function |Receiving | g TIOIOE v
doa Lo— o= F i | -
bits : errun ol raming i
— ]
I—. Framing errar flag Always cleared
to “0" when
L Overrun error flag read out
» Receiving data bit 8

Caution : Since all error flags are cleared after readout, avoid testing for only one bit
using a bit-testing instruction

250889

Figure 3.7 (3) Serial Channel Control Register

T87 | TB6 | TBS : TB4 } TB3 ! TB2 | TBL | TBO |(Transmission) (Write only)

SCBUF
FFEBH
( ) 6 5 4 3 2 1 0

R87 ; RB6 ;| RBG : RB4 : RB3 : RB2 | RB1  RBO |(Receiving)  (Read only)

250889
Figure 3.7 (4) Serial Transmission/Receiving Buffer Registers
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7 & i s i 4 + 3 i 2 1 1 i 9
TRUN |bit Symbol | BRATEI ; BRATEO | PRRUN | — © T3RUN : T2RUN ; TIRUN | TORUN
(FFDBH) | readnwrite RIW R/IW

foeting | o 0 i o0 i — i o I o [ o | o
00: 300/150bps |

01: 1200/600

10:  4800/2400
11:  19200/9600

Prescaler & Timer Run / Stop Control
0: Stop &Clear
1:  Run(Count up)

Timer 2 function

Function

Stop & clear

1 |Count

—————— Prescaler function
0 jStop &clear

> Select transfer speed of serial 10 baud
rate generator

SCMOD<SC1,0> =0, 1 |SCMOD<5C1,0> =1, 1
00 300bps 150bps
o 1200bps ................................... 600bp e
T P T T P R it
o — L Seb5s
@fc=9.8304MHz

Figure 3.7 (5) Timer/Serial Channel Operation Contro! Register
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T~ 7 { & i 5 4 : 3 i 2 i 1 i 0
bitSymbol | WAITC1 | WAITCO | RDE ODE i TXDC @ sCK | RXDC | —
(FI?CC'IT-I) rajad/\_avrite R/W RW | R/wW RIW | RIW | RIW | —
Vate o i 0o i o0 o . o 0 | o _
Wait control %RDcontroi P33 i opz P P31

00:2statewait  :0:RDfor Jeontrol : 0:0ut §0:0ut ;03'“

Function 01:normalwait : oM Jo:cmos i
! externa :1:TxD § 1:5CLK ! 1:R«D
i access 11:Q0pen : : :
i1 : Always drain
RD

| | | -
Explained in ”3.5.4 Port 3. _——I 1 ‘

10: non wait

11: Timer 0/1
Qutput

L & Select P31 function

0 |Input port
RxD pin
> Select P32 function
0 |Output port
CR SCLKpm ..........................................................

L Select P33 function
0 |Output port

L » Select P33 CMOS/Open-drain output
CMOS output
Qpen-drain output

Figure 3.7 (6) Port 3 Control Register
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3.7.2 Architecture

Figure 3.7 (7) is a block diagram of the serial channel.

v 3

1 1

] I

1 [}

; :

| i : siock | o !

| 4T4  (fc/32)  —> ; ¥ : :

1 i e i

| $TI6 (fc/128) —b» : *"‘ g !

E 4764 (fc/512) —> i UART : !

! ¢7256 (fc/2048) —> H Mode :

| | | T

1 ]

! - BaudRate -4 l¢epmop<sct, 0| scMoD :

: ¢1 (fc/2) Generator <5M1, 0> E

: ] 2] .

| ¢ L2 :

i IO interface Mode H

] )

L] 1

SIOCLK
INTRX INTTX
RX Counter f * TX Counter
UART mode : ( + 16) Serial Channel UART mode : (+ 16}
/O interface SCMOD —=| Interrupt 11O interface
mode : (+4) <WU> Control mode : (+4)
RXDCLK 4 ) ) TXDCLK ¥ A
SCMOD<RXE> - RX Control TX Control
SCLK O
(P32)

i
RD C——¢> RXBuffer 1 (Shift Reg) |

(P31} | {} . {

| res [wxsutfer2scaun | | Error-flag | | 188 [7xBuffer (scBUR) ——nomo

| [ [T T .

Internal Data Bus

250889

Figure 3.7 (7) Block Diagram of Serial Channel
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D Baud-rate generator

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

The input clock to the baud-rate generator ®T4 (fc/32), ®T16 (fc/128), $T64
(fe/512) or ®T266 (fc/2048) is generated by the 9-bit prescaler. One of these input
clocks is selected by the timer/serial channel control register TRUN<BRATEL, 0>.

Also, either no frequency division or 1/2 division can be selected by the serial
channel mode register SCMOD <5C1, 0>.

Table 3.7 (1) shows the baud-rate when fc=9.8304 MHz.
Table 3.7 (2) shows the baud-rate when use timer 2 (input clock : $T1)

Talbe 3.7 (1) Baud Rate Selection (1) [bps]
<BRATE1, 0> Input clock No division {5C1,0=01} | 1/2 division (5C1,0=11)
00 ®T256 (f/2048) 300 150
0t dT64 (fc/512) 1200 600
10 PT16 (fc/128) 4800 2400
T dT4  (ic/32) 19200 9600
@fc=9.8304MHz 250889
Table3.7 (2) Baud Rate Selection {2) (When use Timer2) [Kbps]
fc 12.288 12 9.8304 8 6.144
TREG2 MHz MHz MHz MHz MHz
0tH 96 76.8 62.5 48
02H 438 384 3125 24
03H 32 31.25 16
04H Pl 19.2 12
05H 19.2 9.6
08H 12 9.6 6
QAH 96 43
10H 6 438 3
14H 43 24
180790
Baudrate = TRIT:? X % x input clock of Timer 2
Input clock of Timer 2
®T1 = fc/8
oT16 = fc/128

&T256 = fc/2048
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@ Serial clock generating circuit
This circuit generates the basic clock for transmitting and receiving data.
1) I/O interface mode

It generates a clock at a 1/8 frequency (1.25 M bit/s at 10 MHz) of the system clock (fe).
This clock is output from the SCLK pin (also used as P32).

2) Asynchronous communication (UART) mode

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

® Receiving counter

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

@ Receiving control
1) I/0 interface mode

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

2) Asynchronous communication (UART) mode

The receiving control features a circuit for detecting the start bit by the rule of
majority. When two or more “0” are detected during 3 samples, it is recognized as
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

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

Note, however, that an overrun occurs unless the CPU reads out the Receiving
buffer 2 (SCBUF) before the Receiving buffer 1 receives all bits of the next data.

When an overrun occurred, the data in the buffer 2 and SCCR <RB8> are not lost,
however, that in the buffer 1 are lost.

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

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

® Transmission counter

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

soo LALLM NNARANNARNRED]N
2

516 %4 2 3 4 5 6 7 8 8 10 11 12 13 14 15 16 it
TXDCLK i 1

H

E

250889

(@ Transmission control
1) I/O interface mode

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

2) Asynchronous communication (UART) mode

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

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

@ Error flag
There error flags are prepared to increase the reliability of received data.

1) Overrun error (SCCR<OERR>)

Overrun error occurs if all the bits of the next data are received by the receiving
buffer 1 while valid data are still stored in the receiving buffer 2 (SCBUF).

2) Framing error (SCCR<FERR>)

The stop bit of received data is sampled three times around the center. If a
majority results in zero, framing error occurs.

1% Generation 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 Center of stop bit

(Bit 8) (Parity Bit)
Framing error 1
timing
Qver-run error Center of last bit Center of last bit ?
timing (Bit 8) (Parity Bit)
Note : Theoccurrence of a framing error is delayed until after interruption. Therefore, to check

for framing error during interrupt operation, an additional operation, such as waiting for
1 bit time, becomes necessary,

Transmitting

mode 9 Bit 8 Bit + Parity 8 Bit, 7 Bit + Parity, 7 Bit
interrupt timing f;::t before the stop «— «—
070989
2) I/0 interface mode
Interrupt timing of receiving Just after the last SCLK rising 4 L
Interrupt timing of transmitting T 210689
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3.7.3 Operation
(1} Mode 0 {FO interface mode)

This mode is used to increase the number of 1/0 pins of the TMP90C802.
The TMP90C802 supplies the transmitting/receiving data and a synchronous clock
(SCLEK) to an external shift register.

Output Port Expansion Input Port Expansion

TMP90C802 Shift A| — | TMP90C802 Shift Al «—
Register Bl — Register B| <
TxD > S| C| — RxD QH C| -~
D| — D| -
SCLK SCK E| — SCLK CLOCK E| -~
Fl| — F| -«
Port > RCK G — Port »( S/L G| =~
Hf — H| =-—

TC74HC595 TC74HC165

Figure 3. 7(8) I/0 Interface Mode
@ Transmission

Each time the CPU writes data into the transmission buffer, 8-bit data are output
from TxD pin. When all data are output, IRFH <IRFTX> is set, and the interrupt
INTTX occurs.

1234123412341
cux LITLTLT:
TX Data [t A R
Writing Timing N\ P R P
e A LT LT LT
TxD X oo X b X &+ X biel X b7 X
¥ : o : :
TXDSFT 1 1] " ] T 1
IRFTX " [

{INTTX Interrupt Flag)
Figure 3.7 (9) Transmitting Operation (I/O Interface Mode)

250889

Example : When transmitting data from P33 pin, the control registers should be set as
described below.

P3CR ¢« ~---1100 Select P32 as the SCLK pin, and P33 as the TXD pin.
SCMOD « X 00000 X X Set I/O interface Mode.

INTEL « ~ - - - - - - 1 Enable INTTX Mode.

SCBUF « * * * » % * x x Set data for transmission.

Note: X ; don't care -; nochange

280890
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@ Receiving

Each time the CPU reads the receiving data and clears the receiving interrupt flag
IRFH<IRFRX >, the next data are shifted into the receiving buffer 1. When 8-bit
data are received, the data are transferred to the receiving buffer 2 (SCBUF), which
sets IRFRX and generates interrupt INTRX.

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

IRFH<IRFRX > I . I(d l
(INTRX Interrupt flag) N\ ¥ \
., Se: S e H e PO s T e Y
RXD bit0 X it X bit2 (PXbite Koz
Transfer timing to n

receiving buffeér 2

180790
Figure 3.7 (10) Receiving Operation (/O Interface Mode)

Example : When receiving from P31 pin, the control registers should be set as

described below.
P3ICR ¢« ----011X Select P32 as the SCLK pin, and P31 as the RxD pin,
SCMOD « X 00000 X X Set IO Interface Mode.
INTEL « - - - - - - 1- Enable INTRX interrupt.
SCMOD ¢ - -1 - - - - - Set RxE to “1”.
() X ; don’t care - ; nochange

240890

(2) Mode 1(7-bit UART mode)

The 7-bit UART mode is selected by setting the serial channel mode register
SCMOD <SM1, 0> to “01”.

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

\start/(bitox 1 X 2 X 3 X " X - X - Y;}

(Baud Rates 2400 bps @fc =9.8304MHz)

~——— Transfer direction 250889
PICR & - ---1-~ -~ - Select P33 as the TxD pin.
SCMD « X 0 -X0111 Set the transfer speed at 2,400 baud in
TRUN «1 01 - - - - - the 7-bit UART mode.
INTEL ¢ - - - - - - - 1 Enable INTTX interrupt.
SCBUF « * # * * & % x » Set data for transmission
(Note) X:Don'tcare - : Nochange
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(3) Mode 2 (8-bit UART mode)
The 8-bit UART mode is selected by setting SCMOD <SM1, 0> to “1,0”.

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

_\stan/(bitox 1 X2X3X4X5X6X7YStop

{Baud Rates 9600 bps @fc =9.8304MHz)

«—— Transfer direction 250889
Main setting :
[P3CR & - - - - - - 1- Select P31 as the RxD pin.
TRUN «111---- - Set the transfer speed at 9,600 bps in
SCMOD « - 01 X1011 the 8-bit UART mode,
| INTEL ¢ = = = = - ~ 1- Enable INTTX interrupt.
INTRX processing :
[Acc  « SCCR A 00010100  Check errors.
if Acc = 0 then error
| Acc « SCBUF Read out the received data.
(Note) X: Don’tcare -: Nochange

(4) Mode 3 (9-bit UART mode)

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

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

Wake-up function

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

E

TxD RxD TxD RxD TxD RxD TxD RxD
(P33) (P33) (P33)
Master Slave 1 Slave 2 Slave 3
TMP90C802 TMP90C802 TMPS0C802 TMP90C802

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

Figure 3.7 (11) Serial Link Using Wake-up Function
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Protocol

@  Select the 9-bit UART mode for the master and slave controllers.
®  Set the SCMOD < WU > bit of each slave controller to “1” to enable data receiving.

®  The master controller transmits 1-frame data including the 8-bit select code for the
slave controllers. The MSB (bit 8) SCMOD <TB8 >is set to “1”,

RSV €0 3 6060 00 .60 £

Select code of slave controller. “qr

250889

@ Each slave controller receives the above frame, and clears the <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
<WU > bit is cleared to “0”) with setting the MSB (bit 8) SCMOD <TB8> to “0”.

AW 'S D 6 O 0 5 & s fom

Data 0 250889

®  The other slave controllers (with the SCMOD <WU > bit remaining at “1”) ignore

the receiving data because their MSBs SCCR<RB8> are set to “0” to disable the
interrupt INTRX.

When the <WUZ> bit is cleared to “0”, the interrupt INTRX occurs, making it
possible to read the receiving data.

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

Example : Link two slave controllers serially with the master controller, and use the
internal clock ¢1 (fc/2) as the transfer clock.

TxD RxD TxD RxD TxD RxD
(P33) (P33)
Master Slave 1 Slave 2
Select Code Select Code
00000001 00001010 250889

MCU90-365




" TOSHIBA (UC/UP)

TOSHIBA

SyE D WA 9097249 0020941 T10 EmTOS3

TMP90C802

® Set the master control

Main
PICR « - --0101X
INTEL ¢ - - - - - - 11

SCMOD « 10101110

SCBUF « 00000001

INTTX interrupt

SCMOD ¢ 0 = - = = = = -
SCBUF(—#“.#*‘*

® Settheslave?2

Main
PICR ¢ - --1101X
INTEL € = = - = = = 11

SCMOD « 00111110

INTRX interrupt
Acc « SCBUF
if Acc = select code
then SCMOD « - - = 0 - - - -

(Note) X: Don’tcare

Select P33 as TxD pin and P31 as RxD pin.

Enable INTRX and INTTX.

Select ¢1 (fc/2) as the transfer clock in the 9-bit UART .
mode.

Set the select code for the slave controller 1.

Set SCMOD <TB8> to “0".
Set data for transmission.

Select P33 as TxD pin and P31 as RxD pin.

Enable INTRX and INTTX.

Set <WU> to “1” in the 9-bit UART mode
(transfer clock ¢1 (fe/2) ).

Clear <WU> to “0".

-: Nochange
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3.8 Woatchdog Timers (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.

3.8.1 Architecture

Figure 3.8 (1) is a block diagram of the watchdog timer (WDT).

The watchdog timer consists of a 20-stage binary counter (input clock: ¢ @fc/2), a
flip-flop that disables/enables the selector, a selector that selects one of the four output
clocks generated from the binary counter, and two control registers.

The watchdog timer generates INTWD (watchdog timer interrupt) after a time
specified by the register WDMOD <WDTP1, 0>. The binary counter for the watchdog
timer is cleared to “0” by software (instruction) before the interrupt occurs. If the CPU
caused a malfunction (runaway) for reason such as noise and fails to execute the
instruction to clear the watchdog timer, the counter will overflow and the watchdog
timer interrupt INTWD occurs. The CPU detects the malfunction (runaway) by this
interrupt and is possible to be recovered to the normal state by the software for
malfunction

The watchdog timer stops its operation only in the STOP mode. When the STOP
mode is released, the watchdog timer starts its operation after a specified warming-up
time,

In the other standby mode (IDLE1, IDLE2 or RUN modes), the watchdog timer is
enabled. However, the function can be disabled before entering any of these modes.
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INTWD Interrupt

T

——
WDMOD <WDTP1, 0> Selector enable
—
]
fc/215 | /217 | /219 | fo21
¢ Twenty-stage Binary Counter for Q
(fcr2) — Watch Dog Timer F/F
R S
reset
Reset
RESET
Under Execution of HALT WDMOD
instruction (Stop Mode) write <WDTE>
‘B1H’
write
‘4EH’

Watch Dog Timer
Control Register
(WDCR})

ﬁ

Internal Data Bus

250889

Figure 3.8 (1) Block Diagram of Watchdog Timer
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3.8.2 Control Registers

WDT is controlled by two control registers (WDMOD and WDCR). Figure 3.8 (2)
indicates the registers related to WDT.

WatchDog Timer Mode Register

7 6 5 4 3 2 1 P
womop| WDTE | WDTPt | wDTPO | WARM | HALTM1 { HALTMO EXF i DRIVE
(FFO2H) §  pyw R/W RIW R/W R RIW

1 a i 0 0 0o i 0 Undefined: 0

1: WDT WDT Detecting time JWarming [Standby mode Invert 1:

Enable 00:2"/fc uptime 00:RUN mode Jeachtime :todrive

01:2'%/1c Jo:2%/fc 01:STOP mode |EXX inst-:pinin

10:2"%/fc 1:2%/fc 10:IDLEt mode [ruction isiSTOP

11:2%/%¢ 11:IDLE2 mode |executed :mode.

Explained in “3.4.4 STOP Mode”.

Invert at each EXX instruction
execution.

Select standby mode by HALT instruction
(HALT mode)

00 | RUN Mode

11 | !DEL2 Mode

Select warming-up time when returned
from stop mode

0 | 219/fc (Approx.1.6ms)

1 | 218/f¢ (Approx.6.6ms)

Note : fc=10MHz

Select detecting period of watchdog
timer (WDTP)

00 | 2V4/fc (Approx.1.6ms)

01 | 216/fc (Approx.6.6ms)

10 | 218/fc (Approx.26.2ms)

11 | 220/fc (Approx.105ms)

Note : fc=10MHz
Watchdog timer enable/disable control

o | Disable (Interactive with WDCR) (Note)

1 | Enable

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

Figure 3.8 (2) Watchdog Timer Mode Register

250889
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3.8.3 Operation
(1) Watchdog timer mode register (WDMOD)
@ Set the detecting time of watchdog timer WDMOD <WDTP1, 0>

The WDT interrupt period is set by this 2-bit registers. WDMO]134< WDTP1,0> is
initialized to “00” by resetting, providing the initial set value of 2 /fc (sec.) (approx.
8,192 states).

@ The WDT enable/disable control WDMOD < WDTE >

To disable the function, the bit should be cleared to “0” and the disable code “B1H”
should be written into the Watchdog Timer Control register. WDCR By using this
dual procedure, it becomes hard to disable the WDT even if the malfunction occurs.

The disable state can be returned to the enable state easily by setting <WDTE >
to “17.
(2) Watchdog timer control register (WDCR)

This register is used to disable the watchdog timer function or clear the binary
counters.

® Disable WDT

The watchdog timer can be disabled by, after clearing WDMOD<WDTE > to “07,
writing the disable code (B1H) into this WDCR register.

l:wumoo «0----- X X  Clear WDTE to“0".
WDCR « 10110001 Write disable code (B1H).
® Enable WDT
The watchdog timer can be enabled by writing “1” to WDMOD<WDTE> .
® (lear binary counter

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

WOCR « 01001110 ‘Write clear code (4EH).
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WatchDog Timer Control Register

T~ 7 i & | s foa : o3 F 2 i 1 o
WDCR  Jbit Symbol —

{FFD3R) fpeadrite w

Resetting
Value

Function B1H : WDT disable code 4EH : WDT Clear code

I--~—--Disab|e/clear watchdog timer
B1H Disable code

4EH Clear code
Other —_— 250889

Figure 3.8 (3) Watchdog Timer Control Register

The watchdog timer generates INTWD (watchdog timer interrupt) after a time
specified by the register WDMODS6, 5 (WDTP). The binary counter for the watchdog
timer is cleared to “0” by software (instruction) before the interrupt occurs. If the CPU
caused a malfunction (runaway) for reason such as noise and fails to execute the
instruction to clear the binary counter, the counter will overflow and the watchdog timer
interrupt INTWD occurs. The CPU detects the malfunction (runaway) by this interrupt
and is possible to be recovered to the normal state by the software for malfunction.

The watchdog timer starts its operation as soon as the reset state is cleared.

The watchdog timer stops its operation only in the STOP mode. When the STOP
mode is released, the watchdog timer starts its operation after a specified warming-up
time.

In the other standby mode (IDLE 1, IDLE 2 or RUN modes), the watchdog timer is
enabled. However, the function can be disabled before entering any of these modes.

Example: (@ Clear the binary counter.
WDCR « 01001110  Writeclear code (4EH)

® Set 218/fc for the detecting time of watchdog timer.
WOMOD « 101 ---XX

® Disable the watchdog timer.
WOMOD + 0 — - - — = XX Clear WDTE to “0”
WDCR « 10110001 Write disable code (B1H)

@ Select the IDLE 2 mode.
WDOMOD « 0 - - -11XX Disable WDT and set IDLE 2 mode
WOCR « 10110001
Execute HALT instruction. Falling into the standby mode.

® Select the STOP mode (Warming-up time: 216/fc)
WOMOD « - --101XX Select STOP mode
Execute HALT instruction. Falling into the standby mode.
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4. ELECTRICAL CHARACTERISTICS

TMP20C802P/TMP90C802M
4.1 Absolute Maximum Ratings

Symbol Parameter Rating Unit

Vce Supply voltage ~0.5~+7 \

VIN Input voltage -0.5~Vcc+0.5 Vv
Pp Power dissipation (Ta = 85°C) 250 mw

TsoLper | Soldering temperature (105ec) 260 T

Ts1G Storage temperature ~65~150 T

Topr Operating temperature -40~85 C

250889

4.2 DC Characteristics

Vee=5VE10% TA= —40~85°C (1~10MHz)
TA = - 20~70°C (1~12.5MH2)

Symbol Parameter Min Max Unit Test Conditions
ViL Input Low Voltage (P0) -0.3 0.2Vec-0.1 v
Vit P1, P2, P3, P8 -03 0.3Vcc \
VL2 RESET, INTO, NMI -03 0.25Vcc Vv
Vi3 EA -0.3 0.3 \Y
ViLg X1 -0.3 0.2Vce Vv
Vin Input High Voltage (PQ) 0.2Vec+ 1.1 |[Vee+0.3 v
Vin1 P1, P2, P3, P8 0.7Vec Vee+03 \
ViHz RESET, INTQ, NMI 0.75Vec Vee+0.3 Y
ViH3 EA Vee-0.3 Vee+0.3 \
ViHa X1 0.8Vcc Vee+0.3 \
VoL Output Low Voltage 0.45 \ loL=1.6mA
VoH Output High Voltage 24 \ lon = - 400.A
VoH1 0.75Vcc Vv log = ~ 100A
VoH?2 0.9Vce Vv loH = - 20uA
e -35 | ma [REIT0 0k
Iu Input Leakage Current 0.02 (Typ) 5 HA 0.0=Vin =Vcc
Lo Output Leakage Current 0.05 (Typ) 10 A 10.2=Vin SVec-0.2
lce Operating Current (RUN) 17 (Typ) 30 mA [tosc=10MHz
Idie 1 1.5 (Typ} 5 mA (25%Up @12.5MHz)
idle 2 6 (Typ} 15 mA
STOP (TA = - 40~85°C) 50 p#A 10.22Vin SVee-0.2
STOP (TA = 0~50°C) 10 A
VsTop Power Down Voltage (@STOP) |2 6 \Y ViLz = 0.2Vce,
RAM BACK UP ViH2 = 0.8Vce
RRsT RESET Pull Up Registor 50 150 Ko
clo Pin Capacitance 10 pF |testfreq=1MHz
VTH Schmitt width RESET, NMI, INT0 (0.4 1.0 (Typ) Vv
Note: Ipapisguaranteed for a total of up to 8 optional ports. 070989
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4.3 AC Characteristics
Vee=5V £10% TA= -40~85°C {1~10MHz)

CL =50pF TA= -20~70°C{1~12.5MHz)

symbol Parameter Variable 10MHz Clock [12.5MHz Clock Unit
Min Max Min | Max | Min | Max

tosc OSC. Period =x 80 1000 100 80 ns
teye CLK Period 4x 4x 400 320 ns
twi CLK Low width 2x-40 160 120 ns
twq | CLK High width 2x - 40 160 120 ns
tac Address Setup to RD, WR x-45 55 35 ns
tRR RD Low width 2.5x - 40 210 160 ns
tca Address Hold Time After RD, WR [0.5x - 30 20 10 ns
tAD Address to Valid Data In 3.5x-985 255 185 ns
trRD RD to Valid Data In 2.5x - 80 170 120 | ns
tHR input Data Hold After RD 0 0 0 ns
tww WR Low width 2.5x - 40 210 160 ns
tow Data Setup to WR 2x~-50 150 110 ns
twp Data Hold After WR 30 90 30 90 30 90 | ns
tewa |RD, WR to Valid WAIT 1.5x- 100 50 20 | ns
tawa |Address to Vaild WAIT 2.5x~130 120 70 | ns
twas WAIT Setup to CLK 70 70 70 ns
twan | WAIT Hold After CLK 0 0 o ns
try RD, WR Recovery Time 1.5x-35 115 85 ns
tcpw CLK to Port Data Output X+ 200 300 280 ns
tere Port Data Setup to CLK 200 200 200 ns
tepr Port Data Hold After CLK 100 100 100 ns
tcvce  |RD/WR Hoid After CLK x~60 40 20 ns
teLe RD/WR Setup to CLK 1.5%x~50 100 70 ns
tclra | Address Hold After CLK 1.5x - 80 70 40 ns
tacL Address Setup to CLK 2.5x-80 170 120 ns
tcwo Data Setup to CLK x-50 50 30 ns

250889

® ACoutputlevel High 2.2V/Low 0.8V
¢ ACinputlevel High 2.4V/Low 0.45V (D0~D7)
High 0.8Vcc/Low 0.2Vce (excluding DO~D7)
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4.4 Zero- Cross Characteristics
Vee=5V £10% TA= —40~85°C (1~10MHz)
TA = —20~70°C (1~12.5MHz)

Symbaol Parameter Condition Min Max Unit
Vzx Zero- cross detection input ACcoupling C=0.1uF 1 1.8 VACp-p
Azx Zero- cross accuracy 50/60Hz sine wave 135 mV
Fzx Zero- cross detection input 0.04 1 KHz

frequency
210689

45 Serial Channel Timing - /O Interface Mode
Vee=5V +10% TA = -40~85°C (1~10MHz}

CL=50pF TA = - 20--70°C {1~12.5MHz)
. 10MHz 12.5MHz
Symbol Parameter Variable Clock Clock Units
Min Max | Min | Max | Min | Max
tscy | Serial Port Clock Cyde Time 8x 800 640 ns
tgss | Output Data Setup SCLK Rising Edge 6x - 150 450 330 ns
tons |Output Data Hold After SCLK Rising Edge [2x- 120 80 40 ns
thsr | Input Data Hold After SCLK Rising Edge 0 0 0 ns
tsrp {SCLK Rising Edge to Input DATA Valid 6x - 150 450 330 ns

210689

48 8-bit Event Counter
Vee=5V 1 10% TA= -40~85°C(1~10MHz)
TA = -20~70°C(1~12.5MHz)

Variable 1DMHz Clock |12.5MHz Clock
Symbol Parameter Units
Min Max { Min | Max | Min | Max
tvek T12 clock cycle Bx+ 100 900 740 ns
tvexr | 712 Low dlock puise width 4x +40 440 360 ns
tVOKH Ti2 High clock pulse width ax + 40 440 ) 360 ns

250889

47 iInterrupt Operation
Vee=5VE10% TA=-40-~85T (1~10MHz)
TA= ~20~70T (1~12.5MHz)

Variable 10MHz Clock {12.5MHz Clock

Symbol Parameter Units
Min | Max { Min | Max | Min { Max

tinTaL {NMI, INTO Low tevel pulse width (1) 4x 400 320- ns

UnTan | NMIT, INTO High level pulsewidth { T1) 4x 400 320 ns

tnTeL 1 INT1 Low level pulse width {1 ) Bx+100 900 740 ns

tinteH | INT1 High level pulse width (L) Bx+100 900 740 ns

250889
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4.8 /O interface Mode Timing Chart
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49 Timing Chart

tove
| < twi
- tacL | |e— tcLHA
AD~15 >JF IK
< tcLc — > ™ tcHeL
— -* — rﬁ
RD N tRR > ~tea \—
- tap
«— taCc —= trRD = tRy ™
4 N
Read Data <\ )
tHR
___ \ 4 A
WR \\:(.___——— tww > \
clp -+ twp
l«— tOwW —
. (
Write Data 4
< towa >
-« tawA twas
WATT ~— twaAH
le— toPw —>
Port Qutput ><\
A
Port Input 4 )
< tpRC >
tcer

250889
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5. | TABLE OF SPECIAL FUNCTION REGISTERS

The special function registers include the I/O ports, peripheral control registers
allocated to the 48-byte addresses from FFCOH FFEFH.

Format of table

Symbol Name Address [7 (6 : ([ 1110
' H —bit Symbol
\\ —Read/\Write
H —Resetting value
J] —Function

TMP90CB02 Special Function Register Address List

Address Symbol Address Symbol Address Symbol
FFCO PO FFDO P8 FFEQ —
FFC1 P1 FFD1 P8CR FFE1 —
FFC2 PO1CR (IRFL) FFD2 WDMOD FFE2 —_
FFC3 IRFH FFD3 WDCR FFE3 —
FFC4 P2 FFD4 " TREGO FFE4 —_—
FFC5 P2CR FFD5 TREG1 FFES —
FFC6 P3 FFD6 TREG2 FFE® INTEL
FFC?7 P3CR FFD7 TREG3 FFE7 INTEH (DMAEL)
FFC8 —_ FFD8 TCLK FFE8 DMAEH
FFCY —_ FFD9 TFFCR FFE9 SCMOD
FFCA — FFDA TMOD FFEA SCCR
FFCB — FFDB TRUN " FFEB SCBUF
FFCC — FFDC — FFEC —
FFCD — FFDD —_ FFED —_
FFCE — FFDE — FFEE —
FFCF — FFDF — FFEF —
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TOSHIBA (UC/UP)
S4E D M@ 9097249 0020953 732 mToS3
TOSHIBA TMP90C802

(1) /O Port

MSB : LsB
Symbol| Name |Address| -7 | & | s i 4 i 3 ¢ 2 i ¢+ i 9
PO7 [ PO6 i POS i PO4 i PO3 i PO2Z : POV POD
Po Port0 | OFFCOH RW
Input mode
P17 i P16 i PI5 ! P4 i P13 i P12 i P11 i PO
P1 Port1 | OFFCIH RIW
Input mode
P27 i P26 | P25 | P24 ; P23 | P2 : P21 | P20
P2 Port2 | OFFC4H RAW
Input mode
P37 | P3% . P33 i - i P33 i P2 i P31 i -
P3| Port3 | OFFCEH R : RW | RW : - : RwW ! RW i R i -
Input 1 1 - 1 1 Input -
' . — ' ' Y P80
P8 | Ports | OFFDOH — PRi R
— Input mode
250889

Nate : Read/Write

R/W :  Either read or write is possible.
R. :  Only read is possible.
w ¢ Only write is possible.

prohibit RMW :  Prohibit Read Modify Write (Prohibit RES/SET Instruction)
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TOSHIBA (UC/UP) S4E D NN 9097249 0020954 79 ENTOS3
TOSHIBA TMP90C802

(2} /O Port control

MSB : LB
Symbol | Name | Address 7 i 6 i s i 4 1 3 1 2 i 1 i @0
- i CRPO ] IRFTO } WRFT1 i - i EXT i PIC | POC
POTICR |Port0/1 |OFFC2H : ; : : :
(IRFL) | Control - R Po- oW pw o ow
Reg. - {0 i o i 0 & - ¢ 0o & 0 { 0
: nt ‘R - : P,P2 i Pl i PO
nterrupt Request ag i control control i control
- 1: Interrupt being requested - 0:OPort | 0:1n f0:in
prohibit : : :
RMW : : : 1:Address E1 Qut : 1:0ut
: : : bus : :
Pa7c | P26C : P25C | P2aC © P23C | P2C : P2IC i P20C
P2CR | Port2 OFFCSH * W -
Control ; i y ] i
Res: prohibit 0 0 0 0 0 0 0 0
RMW 0:ln  1:0ut (/O selected bit by bit)
WAITC1 ; WAITCO | RDE | ODE i TXDC | SCLK @ RXDC -
o : o : o i o0 i o i 0 ! o0 -
o3k |portz  |oFrcyn | Waitcontrol {RD ‘P33control} P33 i P32 i p3p |
Control 00: 25tate wait ' igicmos | o:out © 0:out ;
Reg. : 2state wai '0'-R_D- H Qu s Ou 0:ln -
01 : normalwait “foronly :1:0pen i 1:TxD [ 1:SCLK : 1:RxD :
10:non  wait external drain | i :
11 : Timer 0/1 Output j access
- Timef uipu i 1:Always
— i ZCE1 | EDGE
PBCR |Ports OFFD1H - Pwsow
Control —_ i 0 ‘ 0
Reg. ; ;
CINTATIZ . INTO
¢ control ; control
— i 1:ZCD  i0: level
prohibit i enable :1:17edge
RMW :
250889

Symbelin( ) denotes another name.
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“TOSHIBA (UC/UP) S4E D NN 9097249 0020955 505 EMTOS3

TOSHIBA TMP90C802

(3) Watchdog timer control

MSB LsB
Symbol | Name | Address 7 ;o6 L5 b4 b3 b2 i1 i
WDTE | WDTP1 : WDTPD | WARM | HALTM1 | HALTMO | EXF | DRVE
RW RW LoRW RW PR i RW
wbmMoD| watch | oFFD2H : ; : g ; : —
ch Timen 1 : 0 : [1] : 0 H 0 H 0 : Undefined : 0
l:{/l;;?e 1:WDT :WDT Detectingtime : Warming :  Standby mode :Invert i
Enable .} 00 : 214¢fc { uptime ! OO:RUN mode  ieachtime :todrive
‘ 01:216/fc | 0:2W/fc | O1:STOP mode  |EXXinst- :pinin
10:2%8fc | 1:216dc | 10:IDLE1 mode  :ructionis :STOP
11 : 2207 ! 11:IDLE2 mode  iexecuted :mode.
WDCR | Watch OFFD3H W
Dog Timen
Control
Reg. prohibit _
RMw B1H : WDT Disable code 4EH : WDT Clear code

01049
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TOSHIBA (uc/upP)

S4HE D EH 9097249 0020956 4yl ENTOS3
TOSHIBA TMP90C302
(4) Timer/event counter control
MSB LSB
Symbol Name Address 7 6 5 4 3 2 1 0
TERGO | 8bit Timer | OFFD4H W
Register 0 »
er?\?\'z't Undefined
TERG1 | 8bit Timer | QFFD5H W
Register 1 "
p':R?\m,?,'t Undefined
8bit Timer -
TERG2 Counter OFFD6H R/W R: Counter Latch Register 2, W: 8 bit Timer Register 2
Latch | prohibit
Register2 | RMW Undefined
8bit Timer _
TERG3 Counter OFFD7H R/W R: Counter Latch Register 3, W: 8 bit Timer Register 3
Latch| prohibit .
Register 3| RMW Undefined .
T3CLKA T3CLKO | T2CLK1 : T2CLKO | TICLK1 | TICLKO | TOCLK1 : TOCLKO
TCLK | 8bit Timer | OFFDBH o { o ¢ o { o : o0 & 0 : 0 : 0
ource . : . P gbi L
Clock 8-bit 00:TI2 8-bit 00:
gggntw' 00: TO2TRG 01 ¢ i 00:TOOTRG 01: ¢TI
01: ¢T1 P10: 4T16 ©01:gT1 10: ¢T16
10: gT16 P11 gT256 P 10:¢TI6 11: ¢T256
11: ¢T256 (8bit modeonly) | 11:4T256 ! (8bitmade only)
LaTeH P — i - { TFFICY © TFFICO § TFFUE | TFFIS
oo W
o — - - foo o
TRFCR glli’;‘_:f;"‘:r OFFDSH 10 LATCH 00:Clear  TFF1 1TFET L 0
Control {oneshot) : 01:Set TFF1 Invert  Invert
Reg. : . i by8bit
10: Invert  TFF1 Enable : .
—_ —_ i timer
11: Don’t care 1
invert
by & bit
; : : : : Timer1
T23M1  T23MO — ETIOM1 i TIOMD | PWMO1 | PWMOO
RW — RIW : RW
o i o0 i - o { o o i o
TMOD | 8bit Timer | OFFDAH . kit Ti :
Mode reg. (Note) : 00 : 8hit Timer PWM Frequency
00:8bit Timer/counter 01: 16bit Timer 00:—
01:16bitTimerfcounter _ 10: 8bit PPG 01; 26.1
10:Don't care ' 11 : 8bit PWM 10: 271
11:Don’t care 11: 281
250889
Note: 00 :  8bit Timer X2 or 8bit counter + 8bit Timer

01 :  16bit Timer or 18bit counter
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TOSHIBA (UC/ZUP) cyp D WM 9097249 0020957 383 EETOS3

TOSHIBA TMPS0C802 o

MsB LsB

symbol | Name fAddress! 7 1 6 I s i 4 i 3 i 2 I 1 i o
BRATE1 | BRATED { PRRUN | - | T3RUN | T2RUN i TIRUN { TORUN

RIW RIW
TRUN |8bit ofFBH| ° ¢+ o0 ¢ o0 ¢ - ¢ 0 ¢ 0 { 0 : 0
;:2:{’ 00 : 300/150 bps i Prescaler & Timer Run/Stop Control
e e 01: 1200/600
fontrol 10:48002400 | 0:Stop & Clear
$1:19200/9600 | 1:Run(Count up)
250889
{5) Serial channel control
MsB Ls8
Symbol | Name |Address| 7 i 6 i s i 4 i 3 { 2 i 1 i g
TB8  iFixedat"0™ RXE : WU | SMI POoSMO P os¢l i sCo
RAWY
Undefined: o0 { o : o { o i o i o [ 0
SCMOD | Serial OFFE9H : H i : :
Channel Trans- :Write "0" i 1: i1 : 00: VOinterface :00: TOZTRG U
Mode Reg. mission Receive EWake up i 01:UART 7bit [01:8BR A
Bit-8 data §Enable EEnabIe 10 : UART 8bit 1101 41 R
ingbit { 11: UART 9bit f11:BR 12 T
UART ¢ : : .
RB8 - Po- : OERR ; - : FERR § - Po-
. R i - i R(Cleared to “0" by reading) -
SCCR | Serial OFFEAH ; . : - . ; -
Channel Undefined ! - : - : 0 o= 0 - ; -
Control : T + — :
Register Receiving ! : Error :
Bit-8 T : z i 4 -
H : i Overrun : - : Framing :
data . : 5 : ; .
SCBUF | Serial OFFEBH RB7 | RB6 : RBS | RBA i RB3 i RB2 | RBI :  RBO
Channel Te7 | Tte6 | Tes i Tea | Tea | Te2 i TB1 . Teo
Buffer : : : : H : :
Register " R (Receiving)/W (Transmission)
prohibit
RMW Undefined
250889
Also refer to P3CR, TRUN register. Note: BR:Baud Rate Generator
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TOSHIBA (uC/up) S4YE P WM 9097249 0020958 2Ly TOS3

TOSHIBA TMP90C802.

(6) Interrupt control _
MSB ¢ 1B

Symbol | Name | Address 7 f e s o4 i3 b2 b oq b g
IET2 ¢ T3 | - POy P - - POIERX D IETX

Interrupt
Enable OFFEBH

Mask Reg. ¢ 0 - o i - - 0 e
1:Enable 0:Disable

INTEL

o i - i DETO i DETY | - i IEO [ IETO : IET
RAW RAW
o oo i o0 e D0 oo

Micro DMA 1: Enable 0: Disable 1: Enable 0 : Disable
Enable : :
Register

INTEH | ... QFFE7H
(DMAEL)

= i - i oo bbb i DERX | DETX

S R N B N NN
1:Enable 0:Disable

- . RO ! RFTO | RFT1 i - ! EXT { PIR | POCR

- T w N w

- i 0 i o i 0 i - i 0o i 0 i 0

DMAEHR OFFEBH

IRFL QFFC2H : : ;
(POCR) Interrupt i Interrupt Request Flag i iP1,P2 iP1 iPO
Request : ; ; : :
Flag & {11 Interrupt being requested i §Contr ol §Contr ol Control
IRF Clear - : : - :0:#Oport (0:Mn i0:In

prohibit : H iq. H. P
RVIW ? : 1:Address : 1:0ut : 1:0ut

: H bus ; :
IRFT2  : IRFT3 - PORFE P - f = P IRFRX i IRFTX

IREH OFFC3H _ ‘ R (Only IR.F Clear codelcan be used to write) . '
prohibit c : o i - i 0 i - i - i 0 i 0
RMW 1: Interrupt being requested (IRF is cleared to 0" by writing IRF Clear code).

250889
Symbolin ( ) denotes another name.

MCU90-383




