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2. Operational Description
2.2 System Clock Controller

TMP86PM47AUG
IDLEO
mode Resetrelease | RESET
A
SYSCR2<TGHALT> ="1" Note 2
_ SYSCR2<IDLE>="1" a SYSCR1<STOP> = "1"
IDLE1 [‘ NORMAL1 ']
mode > mode <
Interrupt 7 STOP pih input
(@) Single-clock mode SYSCR2<XTEN> = "0" SYSCR2<XTEN>="1"
 SYSCR2<IDLE>="1" 2 SYSCR1<STOP>)= "1"
IDLE2 [‘ NORMAL2 ']
mode > mode <
Interrupt 1 STOR pin input
SYSCR2<SYSCK> ="0" SYSCR2<SYSek> = "1
STOP
_ SYSCR2<IDLE>="1" A
SLEEP2 [‘ SLOW2
mode > modé¢
Interrupt y
SYSCR2<XEN> ="1" SYSCR2<XEN> = "0
__ SYSCR2<IDLE>="1" : SYSCR1<$TOP>="1"
SLEEP1 [‘ SLOWY ,]
mode > maode <
Interrupt in i
(b) Dual-clock mode P 1 STOP pin input
Note 2 SYSCR2<TGHALT> ="1"
A 4
SLEERO
mode

Note 1: NORMAL1 and NORMAL2 modes-are generically called NORMAL; SLOW1 and SLOW2 are called SLOW; IDLEO, IDLE1
and IDLEZ2 are called IDLE; SLEEPO0,/SLEEP1 and SLEEP2 are called SLEEP.
Note 2: The mode is released by falling edge of TBTCR<TBTCK?> setting.

Figure 2-6{Operating Mode Transition Diagram

Table 2-1 Operating Mode and Cénditions

Oscillator
. Other Machine Cycle
O ting Mod i CPUC TBT
peraAiCe High Low ore Peripherals Time
Frequency | Frequency
RESET Reset Reset Reset
NORMAL1 Operate
Oscillation Operate 4ffc [s]
Singleelock | IDLE1 Stop Operate
IDLEO Halt
Halt
STOP Stop. Halt -
NORMAL2 Qperate with
high frequency affc [s]
IDLE2 Halt
Oscillation -
SLOW2 Operate with
low frequency Operate
illati
Dual clock | SLEEP2 Oscillation Halt Operate
SLOWA Operate with 4/fs [s]
low frequency
SLEEP1 Stop
SLEEPO Halt
Halt
STOP Stop Halt -
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Figure 2-13 IDLEO and SLEEPO Modes Start/Release
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2. Operational Description

2.2 System Clock Controller
TMP86PM47AUG

2.2.4.4 SLOW mode

SLOW mode is controlled by the system control register 2 (SYSCR?2).

The following is the methods to switch the mode with the warm-up counter.

(1) Switching from NORMALZ2 mode to SLOW1 mode

First, set SYSCR2<SYSCK> to switch the main system clock ‘to.the low-frequency clock for
SLOW?2 mode. Next, clear SYSCR2<XEN> to turn off high-frequency-escillation.

Note: The high-frequency clock can be continued oscillation in_order to'return’ to NORMAL2 mode from
SLOW mode quickly. Always turn off oscillation of high-frequency elock'when switching from
SLOW mode to stop mode.

Example 1 :Switching from NORMAL?2 mode to SLOW1 mode.

SET (SYSCR2). 5 ; SYSCR2<8YSCK> <1
(Switches the/main system clock te.the low-frequency,
clock for SLOW2)

CLR (SYSCR2). 7 ; SYSCR2<XEN><— 0

(Turns-eff high-frequency oscillation)

Example 2 :Switching to the SLOW 1 mode after/dow=frequency clock has stabilized:

SET (SYSCR2). 6 ; SYSCR2<XTEN><=+
LD (TC3CR), 43H ; Sets modefor-TC4, 3 (16-bit mode, fs for source)
LD (TC4CR), 05H ; Sets warming-up ceunter mode
LDW (TTREG3),-8000H ; Sets warm-up time (Depend on oscillator accompanied)
DI ; IMF <—Q
SET (EIRH). 1 ; Enables INTTC4
El LIMP 5
SET (TC4CR). 3 ; Starts TC4, 3
PINTTC4: CLR (TC4CR). 3 ; Stops TC4, 3
SET (SYSCR2). 5 ; SYSCR2<SYSCK> <— 1

(Switches the main system clock to the low-frequency clock)

CLR (SYSCR2).'7 ; SYSCR2<XEN> <— 0
(Turns off high-frequency oscillation)

RETI

VINTTC4: DW PINTTC4 ; INTTC4 vector table
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TO s H I BA TMP86PM47AUG

2.3 Reset Circuit

The TMP86PM47AUG has four types of reset generation procedures: An external reset input, an address trap
reset, a watchdog timer reset and a system clock reset. Of these reset, the address trap reset, the watchdog timer and
the system clock reset are a malfunction reset. When the malfunction reset request is detected, reset occurs during
the maximum 24/fc[s] (The RESET pin outputs "L" level).

The malfunction reset circuit such as watchdog timer reset, address trap reset andsystem clock reset is not initial-
ized when power is turned on. Therefore, reset may occur during maximum 24/f¢fs]~(1.5us at 16.0 MHz) when
power is turned on. RESET pin outputs "L" level during maximum 24/fc[s] (1.5us at. 16.0MHZ).

Table 2-3 shows on-chip hardware initialization by reset action.

Table 2-3 Initializing Internal Status by Reset Action

On-chip Hardware Initial Value On-chip Hardware Initial Value
Program counter (PC) (FFFEH)
Stack point SP) | Not initialized
ack pomnter (SP) ot initiaize Prescaler and dividerof timing,generator 0
General-purpose registers T
Not initialized
(W,A,B,C,D,E, H, L, IX 1Y)
Jump status flag (JF)| Not initialized | Watchdog/timer. Enable
Zero flag (ZF)| Not initialized
Carry flag (CF)| Not initialized
Half carry flag (HF) | Not initialized
Output latches of I/0O ports Refer to 1/0 port circuitry
Sign flag (SF) | Not initialized
Overflow flag (VF)| Not initialized
Interrupt master enable flag (IMF) 0
Interrupt individual enable flags  (EF) 0 ) Refer to each of control
Control registers. .
Interrupt latches (IL) ) register
RAM Not initialized

2.3.1 External Réset Input

The RESET pin-contains a Schmitt-trigger (Hysteresis) with an internal pull-up resistor.

When the RESET pin'is held at “L’"level for at least 3 machine cycles (12/fc [s]) with the power supply volt-
age within'the operating voltage range and.oscillation stable, a reset is applied and the internal state is initial-
ized.

When the RESET pin input gees high, the reset operation is released and the program execution starts at the
vector ‘address stored at addresses FFFEH to FFFFH.

VDD

RESET Internal reset

Watchdog timer reset |

Malfunction
reset output
circuit

Address trap reset |

th

System clock reset |

Figure 2-15 Reset Circuit
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3. Interrupt Control Circuit
3.4 Interrupt Sequence
TMP86PM47AUG

Main task

Interrupt Interrupt
acceptance service task

Saving
registers

Restoring
registers

<—
Interrupt return

Saving/Restoring general-purpose registers using PUSH/P@Pdata transfer instruction

Figure 3-4 Saving/Restoring General-purpose Registers,under Interrupt-Processing

3.4.3 Interrupt return

Interrupt return instructions [RETI]/[RETN] perform as'follows.

[RETIV[RETN].Interrupt Return

1. Program counter (PC) and program status word
(PSW, includesIMF).are restored from the stack.
2. Stack pointer (SP) is incremented by 3.

As for address trap interrupt (INTATRAP), it is requited to alter stacked data for program counter (PC) to
restarting address, during interrupt service program.

Note: If [RETN] is executed-with/the above data unaltered;-the program returns to the address trap area and

INTATRAP.occurs again’When interrupt acceptance proecessing has completed, stacked data for PCL and
PCH are/located 'on address/(SP + 1) and (SP/+ 2)respectively.

Example 1 :Returning from address-trap interrupt INTATRAP),service program

PINTxx: POP WA ; Recover SP by 2
LD WA, Return Address
PUSH WA ; Alter stacked data

(interrupt processing).

RETN ; RETURN

Example-2:Restarting without retyrning interrupt
(In'this case, PSW (Includes IMF) before interrupt acceptance is discarded.)

PINTxx: INC SP ; Recover SP by 3
INC SP
INC SP

(interrupt processing)
LD EIRL, data ; Set IMF to “1” or clear it to “0”

JP Restart Address ; Jump into restarting address

Interrupt requests are sampled during the final cycle of the instruction being executed. Thus, the next inter-
rupt can be accepted immediately after the interrupt return instruction is executed.

Page 40



TO s H I BA TMP86PM47AUG

5. 1/0 Ports

The TMP86PM47AUG have 5 parallel input/output ports (35 pins) as follows.

Primary Function Secondary Functions
Port PO 8-bit 1/0 port External interrupt input, serial and timer/counter input/output
Port P1 8-bit 1/0 port External interrupt input, timer/counter input/output, and-divider/output

Low-frequncy resonator connections, external interrupt input, and

Port P2 3-bit 1/0 port

© ! po STOP mode release signal input
Port P3 8-bit 1/0 port Analog input, and STOP mode release signal input
Port P4 8-bit I/0 port

Each output port contains a latch, which holds the output data. All inputports do not have latches, so the external
input data should be externally held until the input data is read from outside-or reading should be performed several
times before processing. Figure 5-1 shows input/output timing examples:

External data is read from an I/O port in the S1 state of the read’cycle during execution of the read instruction. This
timing cannot be recognized from outside, so that transient-input such as chattering mustbe’processed by the pro-
gram.

Output data changes in the S2 state of the write cyele during execution of the'instruction which writes to an /O

port.
Fetch cycle Fetch cycle Read cycle
] ____ SO s1°82.53 S0 S1 82 S3 SO &1 82 83
Instruction .EX: !_D A.‘ (X). |

execution cycle { I L 1 1

Input strobe | |

Data input N = x X

(a) trput timing

Fetch cycle Fetch cycle Write cycle
) ____ S0, S1 S2~83.S0 S1 82 S3 SO 81 82 83
Instruction .EX: !_D (ux)’Au |

execution cycle

Output strobe | |

Data output X

(b) Output timing

Note:—The-pasitions of the read and write cycles may vary, depending on the instruction.

Figure 5-1 Input/Output Timing (Example)
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TOSHIBA THPSCPMMTALG
Watchdog Timer Control Register 1
WDTCR1 7 6 5 4 3 2 1 0
(0034H) | (ATAS) | (ATOUT) | WDTEN | WDTT | WDTOUT| (Initial value: **11 1001)
0: Disable (Writing the disable code to WDTCR2 i ired. Writ
WDTEN | Watchdog timer enable/disable isable (Writing the disable code to Is required.) rie
1: Enable only
NORMAL1/2 mode SLOW1/2
DV7CK =0 DV7CK =1 mode
25 17 17
WDTT Watchdog timer detection time 0o 27 2''fs 2''fs Write
[s] 01 223f¢ 215058 2155 only
10 221f¢ 2%3fs 213
1 219f¢ 2"s 2"s
0: Interrupt t Writ
WDTOUT | Watchdog timer output select 1_':;:::;(;3::?8 o:l;/e

Note 1: After clearing WDTOUT to “0”, the program cannot set it to “1”-
Note 2: fc: High-frequency clock [Hz], fs: Low-frequency clock [Hz], {: Den’t ¢are

Note 3: WDTCRH1 is a write-only register and must not be used with any‘of read-modify-write instructions/ ff WDTCR1 is read, a
don’t care is read.

Note 4: To activate the STOP mode, disable the watchdog timer ar clear.the counter immediately before entering the STOP mode.
After clearing the counter, clear the counter again immediately after the STOP mode is’inactivated.

Note 5: To clear WDTEN, set the register in accordance with_ the procedures shown in “1.2.3'Watchdog Timer Disable”.

Watchdog Timer Control Register 2

WDTCR2 7 6 5 4 3 2 1 0
(0035H) | ‘ ‘ } ‘ } | (Initial value; **** ****)
4EH: Clear the watghdog timer binary counter (Clear code)
WDTCR2 Write B1H: Disable the watchdog timer (Disable code) Write
Watchdog timer control.code D2H: Enable assigning.address trap area only

Others: Invalid

Note 1: The disable.code is valid’only when WDTCRA<WDTEN> = 0.
Note 2: *: Dof't care
Note 3: The binary colinterofthe watchdog timer must not be cleared by the interrupt task.
Note 4: Write the clear.code 4EH using-a-eycle shorter than 3/4 of the time set in WDTCR1<WDTT>.

7.2.2 Watchdog Timer Enable

Setting WDTCR1<WDTEN>to\"“1” enables the watchdog timer. Since WDTCRI<WDTEN> is initialized
to “1¥ during reset, the watchdog timer, is enabled automatically after the reset release.
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7. Watchdog Timer (WDT)

7.3 Address Trap

TMP86PM47AUG

7.3 Address Trap

The Watchdog Timer Control Register 1 and 2 share the addresses with the control registers to generate address

traps.

Watchdog Timer Control Register 1

WDTCR1
(0034H)

7 6 5 4 3 2 1 0
‘ ‘ | ATAS | ATOUT | (WDTEN)l (WDTT) (WDTOUT) | (Initialvalue’\*+41 1001)

0: Generate no address trap
1: Generate address traps (Aftersetting ATAS to “1”/writing the control code

D2H to WDTCR2 is reguired) Write
only

Select address trap generation in

ATAS the internal RAM area

0: Interrupt request

ATOUT Select opertion at address trap
1: Reset request

Watchdog Timer Control Register 2

WDTCR2 7 6 5 4 3 2 1 0
(0035H) | ‘ ‘ ‘ ‘ ] | (Ifiitial vallg: =+ )
Write D2H: Enable-address trap area selection (ATRAP control~code)

WDTCR2 Watchdog timer control code 4EH: Clear the'watchdog timer binary counter (WDT clear code) Write
and address trap area control B1H: Disable the watchdog timer (WDT disable code) only
code Others:-nvalid

7.3.1 Selection of Address Trap in‘InternalRAM (ATAS)

7.3.2

7.3.3

WDTCRI1<ATAS> specifies whether or not to generate address_traps in the internal RAM area. To execute
an instruction in the internal RAM area, clear WDTCR1<ATAS>te.0”. To enable the WDTCR1<ATAS> set-
ting, set WDTCR1<ATAS> and-thenwrite D2H to WDTCR2.

Executing an instruction in the-SER/area generates anmaddress trap unconditionally regardless of the setting
in WDTCR1<ATAS>.

Selection of Operation at Address Trap/(ATOUT)

When an address-frap is generated, cither-the,interrupt request or the reset request can be selected by
WDTCRI1<ATOUT>.

Address Trap Interrupt (INTATRAP)

While-WDTCR1<ATOUT>-is_“0”;~if the CPU should start looping for some cause such as noise and an
attempt be made to/fetch an\instruction from the on-chip RAM (while WDTCR1<ATAS> is “1”) or the SFR
area;-address trap interrapt (INTATPRAP) will be generated.

An address trap interruptis-a non-maskable interrupt which can be accepted regardless of the interrupt mas-
ter flag (IMF).

When an address trap interrupt is generated while the other interrupt including a watchdog timer interrupt is
already accepted, the new address trap is processed immediately and the previous interrupt is held pending.
Therefore, if address trap interrupts are generated continuously without execution of the RETN instruction, too
many levels of nesting may cause a malfunction of the microcontroller.

To generate address trap interrupts, set the stack pointer beforehand.
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8. 16-Bit TimerCounter 1 (TC1)
8.3 Function

TMP86PM47AUG
Example :Generating a pulse which is high-going for 800 ps and low-going for 200 us
(fc=16 MHz)
Setting port
LD (TC1CR), 10000111B ; Sets the PPG mode, selects the saurce clock
LDW (TC1DRA), 007DH ; Sets the cycle (1 ms = 27/fc ms =(007DH)
Lbw (TC1DRB), 0019H ; Sets the low-level pulse width (200,us =277fc = 0019H)
LD (TC1CR), 10010111B ; Starts the timer
Example :After stopping PPG, setting the PPG pin to a high-level to restart PPG
(fc=16 MHz)
Setting port
LD (TC1CR), 10000111B ; Sets the/PPG mode, selects the,source clock
LDW (TC1DRA), 007DH /(Sets'the oycle (1 ms = 27/fc ps = 007DH)
LDW (TC1DRB), 0019H ; Sets.the low-level pulse width (200,15 27/fc = 0019H)
LD (TC1CR), 100101118 ; Starts the timer
LD (TC1CR), 10000114B ; Stops the‘timer
LD (TC1CR), 10000100B ; Sets the timermode
LD (TE1CR), 000001118 ; Sets the PPG mode, TFF1 =0
LD (TC1CR), 000101118 ; Starts-the. timer

Port output
/@ pottioutput latch enable

shafed with PPG output
Dataouiput>D  Q fD_&D PPG pin

Function output

TC1CR<TFF1> Py ;\ Set
Write to/TC1CR &
Internal reset H% Clear Q —{>o—

Match to TC1DRB
Match to TClDRA>—<>—>—D Toggle

Timer F/F1

— INTTCL1 interrupt request

TC1CR<MPPG1>>——D—’TC1CR<TC1S> clear

Figure 8-7 PPG Output
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9. 8-Bit TimerCounter (TC3, TC4)

9.1 Configuration
TMP86PM47AUG

The TimerCounter 4 is controlled by the TimerCounter 4 control register (TC4CR) and two 8-bit timer registers
(TTREG4 and PWREG4).

TimerCounter 4 Timer Register

TTREG4 7 6 5 4 3 2 1 0

(0019H)
R/W (Initial value: 1111 (1111)

PWREG4 7 6 5 4 3 2 1 0

(001BH)
RIW (Initial value: T1441111)

Note 1: Do not change the timer register (TTREG4) setting while the timer is running.

Note 2: Do not change the timer register (PWREG4) setting in the operating(mode except the 8-bit and 16-bit RWM modes while
the timer is running.

TimerCounter 4 Control Register

TC4CR 7 6 5 4 3 2 1 0
(0017H) | TFF4 | TC4CK | TC4S | TC4M (Initial valug’: 0000-0000)
TFF4 | Timer F/F4 control 0: Clea RIW
1: Set
NORMAL1/2, IDLE1/2 mode SLOW1/2
SLEEP1/2
DV7CK =0 DV7CK =1 mode
Q00 fc/2" fs/23 fs/2®
001 fe/2” fer2’ -
010 5 5 -
TC4CK | Operating clock selection\[Hz] Q2 fer2 RIW
011 ford fc/23 -
100 fs fs fs
1041 fc/2 fc/2 -
10 fc fc -
1M1 TC4 pin input
: i it |
Tcas TC4 Start control 0 Operat!on stop and counter clear RIW
1: Operation start
000:. 7 8-bit timer/event counter mode
001:  8-bit programmable divider output (PDO) mode
010:  8-bit pulse width modulation (PWM) output mode
011: R d
TC4M TC4M operating modg select est?rvle R/W
100: 16-bit timer/event counter mode
101; Warm-up counter mode
110: 16-bit pulse width modulation (PWM) output mode
111: 16-bit PPG mode

Note 1: fc: High-frequency clock [Hz] fs: Low-frequency clock [Hz]

Note 2: Do not change the TC4M, TC4CK and TFF4 settings while the timer is running.

Note 3: To stop the timer operation (TC4S= 1 — 0), do not change the TC4M, TC4CK and TFF4 settings.
To start the timer operation (TC4S= 0 — 1), TC4M, TC4CK and TFF4 can be programmed.

Note 4: When TC4M= 1** (upper byte in the 16-bit mode), the source clock becomes the TC4 overflow signal regardless of the
TC3CK setting.

Note 5: To use the TimerCounter in the 16-bit mode, select the operating mode by programming TC4M, where TC3CR<TC3 M>
must be set to 011.
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9. 8-Bit TimerCounter (TC3, TC4)

9.1 Configuration
TMP86PM47AUG

TC4CR<TC4S> I

Internal ] 1
Source Clock : :

Counter x ' E )(i”;xl D )(f;xl )@( 5

TTREG4 P x n :
X 1
' Match detect\ /Counter clear /: " II
INTTC4 interrupt request ! Match detect ounter clear

{(
)

Figure 9-2 8-Bit Timer Mode Timing Chart (T/C4)

9.3.2 8-Bit Event Counter Mode (TC3, 4)

In the 8-bit event counter mode, the up-counter counts up at the/falling edge of the input pulse to the TCj pin.
When a match between the up-counter and the TTREGj.valueis detected, an INTTC;j interrupt is generated and
the up-counter is cleared. After being cleared, the-up-counter restarts counting at the falling edge of the input
pulse to the TCj pin. Two machine cycles are required for the low- or high-level\pulse input to the TCj pin.

Therefore, a maximum frequency to be supplied is fe/2* Hz in the NORMAL1/26r IDLE1/2 mode, and fs/2*
Hz in the SLOW1/2 or SLEEP1/2 mode.

Note 1: In the event counter mode, fix TCJCR<TFFj> to 0. If not fixed; the PDOj, PWMj and PPGj pins may output
pulses.

Note 2: In the event counter mode, do'not-change-the TTREG; setting while the timer is running. Since TTREG; is
not in the shift register configuration in the event counter mode, the few value programmed in TTREG;j is in
effect immediately after the programming. Therefore, if TTREGiI is.changed while the timer is running, an
expected operation may’netbe obtained.

Note 3:j=3, 4

TC4CR<TC4S> |
1 1
1 1
TC4 pin input | |:| I | | | | | | | | l | | l | l | | l l | l :l | I
: 1 1 1 + 1 1 1 1 1 1 1 1 1 :
Counter o X7 1 X2 x ¥ n-1 @@ 1 X 2 X n-1 @@ 1 ).( 0
: (( \ ( \ X
TTREG4 X n ' " Q ) :
1
Counter
Match detect\ /clear Match detec\l—l/gggpter :
1

INTTC4 interrupt'request
Figure 9-3/8-Bit Event Counter Mode Timing Chart (TC4)

9.3.3 8-Bit Programmable Divider Output (PDO) Mode (TC3, 4)

This mode is used to generate a pulse with a 50% duty cycle from the PDOj pin.

In the PDO mode, the up-counter counts up using the internal clock. When a match between the up-counter
and the TTREG; value is detected, the logic level output from the PDOj pin is switched to the opposite state and
the up-counter is cleared. The INTTC] interrupt request is generated at the time. The logic state opposite to the
timer F/Fj logic level is output from the PDO;j pin. An arbitrary value can be set to the timer F/Fj by
TCjCR<TFFj>. Upon reset, the timer F/Fj value is initialized to 0.

To use the programmable divider output, set the output latch of the I/O port to 1.
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9.3.8 16-Bit Programmable Pulse Generate (PPG) Output Mode (TC3 and 4)
This mode is used to generate pulses with up to 16-bits of resolution. The timer counter 3 and 4 are cascad-
able to enter the 16-bit PPG mode.

The counter counts up using the internal clock or external clock. When a match between the up-counter and
the timer register (PWREG3, PWREG4) value is detected, the logic level output from the timer F/F4 is
switched to the opposite state. The counter continues counting. The logic level output from the timer F/F4 is
switched to the opposite state again when a match between the up-counter and the timer register (TTREGS3,
TTREG#4) value is detected, and the counter is cleared. The INTTC4 interrupt'is\generated at this time.

Two machine cycles are required for the high- or low-level pulse input'to’ the\TC3 pin. Therefore, a maxi-

mum frequency to be supplied is fc/2* Hz in the NORMALTI or IDLEI mode, and fc/2* to in the SLOW1/2 or
SLEEP1/2 mode.

Since the initial value can be set to the timer F/F4 by TC4CR<TFE4>, positive and negative pulses can be
generated. Upon reset, the timer F/F4 is cleared to 0.
(The logic level output from the PPG4 pin is the opposite to the timer F/F4.)

Set the lower byte and upper byte in this order to |progtam)the timer registér. (TTREG3 — TTREG4,
PWREG3 — PWREG4) (Programming only the upper-orlower byte should'not be attemipted.)

For PPG output, set the output latch of the I/O pertito 1:

Example :Generating a pulse with 1-ms high-level width and-a period of 16.385 mis/(f¢,~16.0 MHz)

Setting ports

LDW (PWREGS3), 07D0OH : Sets the/pulse width:
LDW (TTREG3),8002H : Sets the tycle.period.
. h 3 hi
LD (TC3CRY), 33H : Sets the operating.clock to fc/2°, and16-bit PPG mode
(lower byte).
: Sets TRF4 to the initial value 0, and 16-bit
LD TC4 H ’
(TC4CR). 057 PPG-mode (upper byte).
LD (7C4CR), 05FH ~Starts the timer.

Note 1: In the PPG mode, do not change the PWREGIi and TTREGi settings while the timer is running. Since
PWREGI and/TTREGV are not in the-shift registerconfiguration in the PPG mode, the new values pro-
grammed.inPWREGi and TTREGi are in_effect immediately after programming PWREGi and TTREGi.
Therefore, IFPWREGI and TTREGi-are changed while the timer is running, an expected operation may not
be obtained.

Note 2:"When the timer is stopped during PPG_output, the PPG4 pin holds the output status when the timer is
stopped. To change the output status, program TC4CR<TFF4> after the timer is stopped. Do not change
TC4CR<TFF4> upon stopping of the timer.

Example: Fixing the PPG4 pin to the high level when the TimerCounter is stopped
CLR (TC4CR).3: Stops thetimer

CLR (TC4€R).T: Sets the PPG4 pin to the high level
Note 3 =3, 4
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(2) LSB receive mode

LSB receive mode is selected by setting SIOCR1<SIODIR> to “1”, in which case the data is
received sequentially beginning with the least significant bit (Bit0).

10.3.2.3 Transmit/receive mode

(1) MSB transmit/receive mode

MSB transmit/receive mode are selected by setting SIOCR1<SIODIR> to “0” in which case the
data is transferred sequentially beginning with the most significant bit(Bit7) and the data is received
sequentially beginning with the most significant (Bit7).

(2) LSB transmit/receive mode

LSB transmit/receive mode are selected by (sétting/SIOCR1<SIODIR>-t0\“1”,4n which case the
data is transferred sequentially beginning with the/least/significantbit (Bit0) and the data is received
sequentially beginning with the least significant (Bit0).

10.3.3 Transfer modes

Transmit, receive and transmit/receive mode are selected by using SIOCR 1<SIOM>,

10.3.3.1 Transmit mode

Transmit mode is selected by writing “00B” to SIOCR1<SIOM>,

(1) Starting the/fransmit operation
Transmit mode.is selected by setting 700B.’ to SIOCR1<SIOM>. Serial clock is selected by using
SIOCR 1<SCK>-Transfer difection is selected by using SIOCR1<SIODIR>.

When-a'transmit data is-written to.the transmit buffer register (SIOTDB), SIOSR<TXF> is cleared
to “0?3‘

After SIOCR1<SIOS> is set to." 12", SIOSR<SIOF> is set synchronously to “1” the falling edge of
SCK-pin.

The data is transfefred\sequentially starting from SO pin with the direction of the bit specified by
SIOCR1<SIODIR>; synchronizing with the SCK pin's falling edge.

SIOSR<SEF> \is kept)in high level, between the first clock falling edge of SCK pin and eighth
clock falling¢dge.

SIOSR<TXF>\s'set to “1” at the rising edge of pin after the data written to the SIOTDB is trans-
ferred to shift register, then the INTSIO interrupt request is generated, synchronizing with the next
falling edge on SCK pin.

Note 1: In internal clock operation, when SIOCR1<SIOS> is set to "1", transfer mode does not start with-
out writing a transmit data to the transmit buffer register (SIOTDB).

Note 2: In internal clock operation, when the SIOCR1<SIOS> is set to "1", SIOTDB is transferred to shift
register after maximum 1-cycle of serial clock frequency, then a serial clock is output from SCK
pin.

Note 3: In external clock operation, when the falling edge is input from SCK pin after SIOCR1<SI0S> is
set to "1", SIOTDB is transferred to shift register immediately.
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, Writing transmit data Clearing SIOS

1 1

!
1
T 1

SIOCR1<SIOS> : |
l
1
1
1

:
]
1
SIOSR<SIOF> ] ) ]
Start shift 1 Start shift
operation ﬁ‘ operation
SIOSR<SEF> |
]
]

SCK pin

! Start shft
¥ operation

SO pin

SIOSR<TXF>

INTSIO
interrupt

-
request & \ ” \

SIOTDB <SI0S> A X B X C
)

Writing transmit ~ Writing transmit Writing-transmit
data A data B data-C

Figure 10-7 Exaple of External Clock and MSB, Transmit'Mode

SCK pin | |

SIOSR<SIOF> |

SO pin X . /

- lsopH
200,

4/fc < 'sODH < 8/fc

Figure 10-8 Hold Time of the End of Transmit Mode

(4) ~\Transmit error processing

Transmit errors occur'on the following situation.

+ Shift-operation starts before writing next transmit data to SIOTDB in external clock opera-
tion'
If transmit errors occur during transmit operation, SIOSR<TXERR> is set to “1” immedi-
ately after starting shift operation. Synchronizing with the next serial clock falling edge,
INTSIO interrupt request is generated.
If shift operation starts before writing data to SIOTDB after SIOCR1<SIOS> is set to “1”,
SIOSR<TXERR> is set to “1” immediately after shift operation is started and then INTSIO
interrupt request is generated.
SIO pin is kept in high level when SIOSR<TXERR> is set to “1”. When transmit error
occurs, transmit operation must be forcibly stop by writing SIOCR1<SIOINH> to “1”. In
this case, SIOCR1<SIOS>, SIOSR register, SIORDB register and SIOTDB register are ini-
tialized.
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11. Asynchronous Serial interface (UART )

11.2 Control
TMP86PM47AUG

11.2 Control

UART is controlled by the UART Control Registers (UARTCR1, UARTCR2). The operating status can be moni-
tored using the UART status register (UARTSR).

UART Control Register1

UARTCR1 7 6 5 4 3 2 1 0
(0020H) | TXE | RXE | STBT| EVEN| PE | BRG (Initial value: G00.0000)
. 0: Disable
TXE Transfer operation 1: Enable
. ) 0: Disable
RXE Receive operation 1: Enable
. . 0: 1 bit
STBT Transmit stop bit length 11 2 bits
0: Odd- beted parit:
EVEN Even-numbered parity nybgred pan ,y
1:  Even-numbered-parity
o N " Write
. . : 0 parity.
PE Parity additi onl
arity addition ¥ Paiity y
000:_“fc/13 [HZ]
004;  fe/26
010:_fc/52
011:  fc/104
BRG T it clock select
ransmit clock selec 100 f6/208
101:  fc/416
110:  TC3 ( Input INTTC3)
111:  fc/96

Note 1: When operations are disabled/by setting TXE and RXE bit tq “0”, the setting becomes valid when data transmit or receive
complete. When the transmit data is stored in the transmit data buffer, the data are not transmitted. Even if data transmit is
enabled, until new data are written-toe‘the transmit data buffer, the ‘current data are not transmitted.

Note 2: The transmit clock and the parity.are common to transmit-and.receive.
Note 3: UARTCR1<RXE>and UARTCR1<TXE> should be-set.to “0*before UARTCR1<BRG> is changed.

UART Control Register2

UARTCR2 7 6 5 4 3 2 1 0
(0021H) ‘ ‘ ‘ | RXDNC | STOPBRl (Initial value: **** *000)

00: No noise rejection (Hysteresis input)

RXBNG Selection of RXD input noise 01: Rejects pulses shorter than 31/fc [s] as noise
rejectio time 10:  Rejects pulses shorter than 63/fc [s] as noise Write
11: Rejects pulses shorter than 127/fc [s] as noise only
0: 1 bit

STOPBR | Receive stop bitlength
ecelve stop. bi.leng 1: 2 bits

Note: When UARTCR2<RXDNC> = “01”, pulses longer than 96/fc [s] are always regarded as signals; when UARTCR2<RXDNC>
=*“10”, longer than 192/fc [s]; and when UARTCR2<RXDNC> = “11”, longer than 384/fc [s].
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11. Asynchronous Serial interface (UART )

11.3 Transfer Data Format TMP86PM47AUG

11.3 Transfer Data Format

In UART, an one-bit start bit (Low level), stop bit (Bit length selectable at high level, by UARTCR1<STBT>), and
parity (Select parity in UARTCR1<PE>; even- or odd-numbered parity by UARTCRI1<EVEN>) are added to the
transfer data. The transfer data formats are shown as follows.

PE STBT Frame Length
1| 2 | s | | 8 | 9 |\ Jyu | 12 |
0 0 “\_stan_ [ o X mits X----X Bite X_sit7 Y/Stop1
0 1 “\_stan [ o X mits X----X Bitc X ®it7 \Yosop1 stop2
1 0 “\_stan_ [ o X mits X ---- X sith X Btz X Parity Y Sopd
1 1 "\ st [ Bito X sitt XE——ZX Bité X “Bit7 X Parity, Y Stopd) Stop 2

Figure 11-2 Transfer Data Format

Without-parity /~4 STOP bit

=5 U

With parity / 1 STOP bit Without parity / 2 STOP bit

\ /

With parity / 2 STOR bit

Figure/11-3-_Caution/on Changing Transfer Data Format

Note: In order to switch the transfer data format, perform transmit operations in the above Figure 11-3 sequence except
for the-initial setting.
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12. 10-bit AD Converter (ADC)

12.5 Analog Input Voltage and AD Conversion Result
TMP86PM47AUG

12.5 Analog Input Voltage and AD Conversion Result

The analog input voltage is corresponded to the 10-bit digital value converted by the AD as shown in Figure 12-4.

A
3FF, + —
3FE, + —
3FDy + —
AD
conversion == —
result S
034 T —
02y T ~ -
OlH T 7 a
R VAREF, —AVSS
= = = x¢ W IRER TR
0 1 2 3 10214022 V1023 1024 1024

Analog inpUt-voltage

Figure 12-4 Analog Input Voltage and AD ConversionResult (Typ.)
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14. OTP operation

14.1 Operating mode
TMP86PM47AUG

14.1.2.2 Program Writing using a General-purpose PROM Programmer

1. Recommended OTP adaptor
BM11687 for TMP86PM47AUG

2. Setting of OTP adaptor

Set the switch (SW1) to "N" side.
3. Setting of PROM programmer

a. Set PROM type to TC571000D/AD.

Vpp: 12.75 V (high-speed program writing modge).
b. Data transmission ( or Copy) (Note 1)

The PROM of TMP86PM47AUG is/located on’different address; it depends on operating
mode: MCU mode and PROM mode. When you write thé data of ROM for mask ROM prod-
ucts, the data shuold be transferred (or.copied’) from the address for MCU mode to that for
PROM mode before writing operation 1s-executed. For the-applicable program areas of MCU
mode and PROM mode are different, refer to TMP86PM4A7AUG" Figure 14-1 Program
Memory Area ".

Example: In the block transfer (copy) mode, executed asbelow.
32KB ROM capacity: 08000~0FFFFH—-00000~07FEFH
16KB ROM capacity: 0CQ00~0FFFEH— 04000~07FFFH
8KB ROM capacity ;} 0EO00~OFFFFH —06000<07FFFH
4KB ROM edpacity : 0OFO00~OFFFEH — 07000~07FFFH

c. Setting oftheprogram address (Note 1)

Start.address: 0000H (Wheén-16’KB ROM capacity, start address is 4000H.
When 8 KB ROM capacity, start address is 6000H.
When4KB'ROM capacity, start address is 7000H.)

End address: 7FFEH

4 > Writting

Write and verify according to the above procedure "Setting of PROM programmer".

Note 1/ For the setting/method;\refer to each description of PROM programmer.
Make sure to set the data of address area that is not in use to FFH.

Note 2: When setting MCU 1o the adaptor or when setting the adaptor to the PROM programmer, set the first
pin of the adaptor and that of PROM programmer socket matched. If the first pin is conversely set,
MCU or adaptor.or programmer would be damaged.

Note 3: The TMP86PM47AUG does not support the electric signature mode.
If PROM programmer uses the signature, the device would be damaged because of applying voltage
of 12+0.5V to pin 9(A9) of the address. Don’t use the signature.
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16. Electrical Characteristics

16.1 Absolute Maximum Ratings

The absolute maximum ratings are rated values, which must not be exceeded dufing operation, even for an instant.
Any one of the ratings must not be exceeded. If any absolute maximum rating is exceeded, a device may break down
or its performance may be degraded, causing it to catch fire or explode resulting in(injury to the user. Thus, when
designing products which include this device, ensure that no absolute maximum ratingvalue/ will ever be exceeded.

(Vss =0V)
Parameter Symbol Pins Ratings Unit
Supply voltage Vbp -0.3t06.5
Program voltage Vpp TEST/Vpp -0.3t013.0
Input voltage ViN —0.3to Vpp+.0:3 v
Output voltage Vout P21, P22, Tri-state port —0.3 to'Vpp +0.3
louT1 P1, P3, P4 port \8
Output current (Per 1 pin) lout2 P1, P3 port 32
louTs PO, P2, P4 port 30 mA
2 louTt2 P1, P3 port 60
Output current (Total)
2 louTs PO, P2, P4 port 80
Power dissipation [Topr = 85°C] Pp 250 mwW
Soldering temperature (Time) Tsld 260 (10 s)
Storage temperature Tstg -55t0 125 °C
Operating temperature Topr —40 to 85
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16. Electrical Characteristics

16.6 DC Characteristics, AC Characteristics (PROM mode) TMPS6PMA7AUG

16.6 DC Characteristics, AC Characteristics (PROM mode)

16.6.1 Read operation in PROM mode

(Vss =0V, Topr = -40 to 85°C)

Parameter Symbol Condition Min Typ. Max Unit
High level input voltage (TTL) Vina 2.2 = Vee
Low level input voltage (TTL) ViLa 0 ~ 0.8
\
Power supply Vee
475 5.0 5.25
Program supply of program Vpp
Address access time tacc Vec=5.0£0.25V ~ 1.5tcyc + 300 - ns

Note: tcyc = 500 ns at 8 MHz

A6 to AD ) X

/ —~ &

S
L//

facc.
L

D7 to DO Lhz(\)/y Data output X\/ )7
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