TOSHIBA TMP47E885AF

CMOS 4-BIT MICROCONTROLLER
TMPA7E885AF

Based on the TLCS-470 series, TMIPA7E885AF is a high-speed, advanced, single-chip, 4-bit microcomputer with
a built-in 64 x 8-bit E2PROM, enhanced timer/counter functions, an 8-bit A/D converter, 12-bit pulse width
modulation (PWM) output, and an 8-bit asynchronous serial interface (UART).

PART No. ROM E2PROM RAM PACKAGE OTP PIGGYBACK

TMPA47E885AF | 8192 x 8-bit 64 x 8-bit 512 x 4-bit QFP44-P-1414-0.80D TMP47P885F -

FEATURES
@4-bitsingle chip microcomputer

&®Minimum instruction execution time
: 1.3 us (at 6 MHz), 244 us (32.8 kHz)

@®Basic machine instructions : 92 QFP44-P-1414-0.80D

® Table look-up instructions

®Subroutine nesting: 15 levels max.

@6 interrupt sources (External : 2, Internal : 4)
All sources have independent latches each,
and multiple interrupt control is available.

#1/0 port (36 pins)

® Input: 2 ports 5 pins
® |/O: 8 ports 31 pins
& Interval timer
#16-bit timer/counter: one channel TMPA47ES85AF

Free running timer, event counter, input capture,
output compare
®Watchdog timer

#38-bit successive approximate type A/D converter
® Analoginput : 8channels
® Conversiontime : 34.6 us (6 MHz)
@ 12-bit pulse width modulation (PWM) output: two channels
#38-bit buffered synchronous serial interface (SIO)
® Simultaneous transmit/receive
® External/internal clock, leading/trailing edge shift, 4-bit/8-bit mode

Caution:
e Because timer/counter functions have been enhanced, the description of the operation of TC1 and
TC2 in the assembler, C-like compiler and software simulator manuals cannot be used.

980901EBP1

@ For a discussion of how the reliability of microcontrollers can be predicted, please refer to Section 1.3 of the chapter
entitled Quality and Reliability Assurance/Handling Precautions.

@ TOSHIBA is continually working to improve the quality and the reliability of its products. Nevertheless, semiconductor
devices in general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress.
It is the responsibility of the buyer, when utilizing TOSHIBA products, to observe standards of safety, and to avoid
situations in which a malfunction or failure of a TOSHIBA product could cause loss of human life, bodily injury or
damage to property. In developing your designs, please ensure that TOSHIBA products are used within specified
operating ranges as set forth in the most recent products specifications. Also, please keep in mind the precautions
and conditions set forth in the TOSHIBA Semiconductor Reliability Handbook.

@ The products described in this document are subject to foreign exchange and foreign trade laws.

@ The information contained herein is presented only as a guide for the applications of our products. No responsibility
is assumed by TOSHIBA CORPORATION for any infringements of intellectual property or other rights of the third
parties which may result from its use. No license is granted by implication or otherwise under any intellectual
property or other rights of TOSHIBA CORPORATION or others.

@ The information contained herein is subject to change without notice.
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TOSHIBA TMP47E885AF

@ 38-bit buffered asynchronous serial interface (UART)
964 x 8-bit E2PROM
® Word-by-word rewrite
® Automatic rewrite time setting (timer built in)
® Ready/Busy status monitor
& Dual-clock mode
High-speed mode /low power consumption operating mode
®Hold function
battery/capacitor backup
¢ Emulator : BM47E885AF0A
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TOSHIBA TMP47E885AF

PIN ASSIGNMENT (TOPVIEW)
QFP44-P-1414-0.80D

[TT 1< R80 (TNT2)

TT <= R82 (TNTT)

y [IT—=— HOLD (KEO)
]ea— X IN

L1

N [T = TEST
[TT_Je— RESET
[TT—J=— K03
[TT 1= K02

TT—J1==R83 (TX)
TT—]<= R81 (RX)
TT—1— XOUT

33 32 31 30 28 27 25 24 23
RAO (0C0) == CTT34 22 [T =— K01
RA1(T1/1C0) = [TT35 21 [T =— koo
RA2 (OC1) = [TT36 20 AT == R73 (XTOUT)
RA3 (T2/IC1) == [TT]37 19 [I—J == R72 (XTIN)
vDD —=[TT]38 18 [MI—1 == R71(WTO)
VAREF —=[TT]39 17 I ==R70
vAss —= 11140 16 I =— yss
R40 (AINQ) =—= [TT]41 15 FI—J<—=Re3
R41 (AIN1) == [TT]42 14 [IT—1-==R62
R4A2 (AIN2) =~ [TT]43 13 I == Rg1
R43 (AIN3) = [TT]44 0o 12 [AT—J=—=R60
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1/0 port
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BLOCK DIAGRAM 10 port (PWM triger input
RB3 (PWM1)
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to RB1 (PWMO)

RG0  RBO(TRGO)
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Power {VDD T™
supply LVSS > 12-bit PWM
E2PROM

)
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PWM1 | PWMO

Accumulator DMB | H reqis: L reqister Data memory MraTmc‘/ounil
RAM address buffer
| (RAM) Program memory
Holdinput  HOLD _ Stack | SPW (ROM)
(sense input)  (KEO) 45~Hold mode control circuit Interrupt enable register|interrupt enable mask F/F DC Data conversion table
Resetinput  RESET = System control circuit Interrupt control circuit
Test pin TEST $ 7

System clock control circuit

Timing generator Interval timer 16-bit 8-bit serial f)8-blt register

High- { XIN | _For high timer/counter  ||interface A/D converter Instruction

frequency
frequency XoUT ] Clock generator ; — —
oscillator > frFe%rulg\r:vcv |Watchdog tlmer|} 7~
connecting pin A

7

~

A

[R9 | [ R4 |
—
~ = ~ 1= 1 il -
R73 (XTOUT) RA3 (T2/IC1) R83 (TX) R92 (SCK) VAREF R43 (AIN3) R53 (AIN7)
R72 (XTIN) RA2 (OC1) R82 (INT1) R91(SO)  VASS
R71 (WTO) RA1 (T1/1C0) R81 (RX) R90 (1) R40 (AINO) R50 (AIN4) KOO
R70 RA0 (OCO) R80 (INT2) S~
110 port ) 110 port 1/0 port 1/0 port Analog 1/0 port Input port
Low-frequency oscillator timer/counter input, (external interrupt (serial port) reference (analog input)
connecting pin, watchdog input capture input, input, serial port voltage/GND
timer output output compare output
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TOSHIBA TMPA47E885AF
PIN FUNCTION
PIN NAME Input/Output Function (Function)
K03 to KOO Input 4-bit latched I/0 port.
When using as an input port or for analog
input, set the latch to 1. Can be set,
R53 (AIN7) cleared, or tested in units of bits by bit
! . . . D logi
to R40 (AINO) VO (Input) manipulation instructions using L register A/D converter analog input
indirect addressing.
4-bit latched 1/0 port.
When using as input port, set latch to 1.
R | . .
R63 to R60 /0 Can be set, cleared, or tested in units of
bits by bit manipulation instructions using
4-bit latched I/0 t. Wh ing R73 and i i i
R73 (XTOUT) /0 (Output) bit latc e por en using and | QOscillator connecting pin (low
R72 as oscillators, set to dual-clock mode. frequency).
When using as input port or for watchdog Input an external clock to XIN. XOUT is
R72 (XTIN) I/0 (Input) timer output, set latch to 1. o
............................................................. Can be set, cleared, or tested in units of | OPeN AUt
R71 (WTO) /0 (Output) bits by bit manipulation instructions using Watchdog timer output
............................................................. L register indirect addressing.
R70 /0
R83 (TX) I/0 (Output) 4-bit latched I/0 port. When using as input | Asynchronous serial data output
............................................................. port, as external INtErTUPt INPUL Pin, OF ag [[rrrrrrrmsesssmmsmsmmemmmmmnn e
JRB2(INTT) .. asynchronous serial port (UART) pin, set [ BXternalinterrupt tinput
R81 (RX) /0 (Input) latch to 1. Asynchronous serial data input
R80 (INT2) External interrupt 2 input
R92 (S5CK) 10 (1/0) 3-bit latched input/output port. When | synchronous serial clock input/output
............................................................. using as input port or synchronous serial |-« e e
R91 (SO) I/0 (Output) port, set latch to 1. Synchronous serial data output
R0 (SI) I/0 (Input) Synchronous serial data input
RA3 (T2/IC1) /0 (Input) 4-bit latched input/output port. When | Timer/input capture 1input
............................................................. using as input port or for timer/input
RA2 (OC1) I/O (Output) capture input, set latch to 1. Output compare 1 output
RA1 (T1/1C0) 1/0 (Input) Timer/input capture 0 input
RAO (0OC0) I/O (Output) Output compare 0 output
RB3 (PWM1) /0 (Output) 4-bit latched input/output port. When | PWM 1 output
............................................................. using as input port or for PWM trigger
RB2 (TRG1) I/0 (Input) input, set latch to 1. PWM trigger 1 input
RB1 (PWMO) I/O (Output) PWM 0 output
RBO (TRGO) I/0 (Input) PWM trigger 0 input
XIN Input Oscillator connecting pin (high frequency).
XOoUuT Output Input an external clock to XIN. XOUT is open circuit.
RESET Input Reset signal input
HOLD (KEO) Input (Input) Hold request/release signal input Sense input
TEST Input Delivery test pin. Fix at low level.
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TOSHIBA TMP47E885AF

Pin Name Input/Output Function (Function)
VDD +5V
............................. POWerSUppIy
VSS 0V (GND)
VAREF Analog reference voltage for A/D conversion
.............................. POWerSUppIy
VASS Analog reference GND for A/D conversion
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TOSHIBA TMP47E885AF

OPERATIONAL DESCRIPTION

1. SYSTEM CONFIGURATION
€ CPU Core Functions
2.1 Program Counter (PC)
2.2 Program Memory (ROM)
2.3 Hregister, L register, DMB selector
2.4 Data Memory (RAM)
e Stack
e Stack pointer word (SPW)
e Data counter (DC)
2.5 ALU and Accumulator
2.6 Flags
2.7 System Control Circuit
2.8 Interrupt Control Circuit
2.9 Reset Circuit
& Hardware Functions
3.1 1/O Ports
3.2 Interval Timer
3.3 Timer/Counter
3.4 Watchdog Timer
3.5 A/D Converter
3.6 PWM
3.7 Serial Interface
3.8 E2PROM

The following sections describe the hardware configuration and operation for the above components.
2. CPU Core Functions

2.1 Program Counter (PC)
The program counter is a 13-bit register that indicates the address of the next program instruction to be
executed. At each instruction fetch, the register is incremented by the number of bytes fetched.
Table 2.1 shows the operation of the program counter when a branch or subroutine instruction is
executed, or aninterruptis received. Atreset, the PCis initialized to 0.

MSB LSB
PCg PCy PCum PC,
PCy> PCqq PCqo PCq PCg PC; PCg PCs PC, PC3 PC, PC, PCq
—— ——
Bank Page Address within page

Figure 2-1. Configuration of Program Counter

The program counter directly addresses 8192 bytes of memory. Note the following points concerning
short and middle branch instructions and subroutine instructions.

4-85-6



TOSHIBA TMP47E885AF

(1) Short branch instruction [BSS a]

If the branch condition is satisfied when the [BSS a] instruction is executed, the branch value
specified by the instruction is set in the lower six bits of the PC. That is, the [BSS a] instruction is a in-
page branch instruction.

If the [BSS a] instruction occurs at the final address in a page, the upper seven bits of the PC point to
the next instruction, which is in the next page. Therefore, the instruction will branch to an address
within the next page.

(2) Middle branch instruction [BS al]

If the branch condition is satisfied when the [BS a] instruction is executed, the branch value specified
by the instruction is set in the lower twelve bits of the PC. That is, the [BS a] instruction is a in-bank
branch instruction.

If the first byte or the second byte of the [BS a] instruction is stored at the final bank address, the
MSB of the PC points to the next bank. Therefore, the instruction will branch to an address within
the next bank.

(3) Subroutine call instruction [CALL a]

After the contents of the program counter are saved to the stack when the [CALL a] instruction is
executed, the call value specified by the instruction is set in the PC. Addresses specifiable with this
instruction are 11-bit addresses. The upper two bits of the PC are always set to 0. Therefore, the
start address of the subroutine must be 0000 - 07FFy.

Instruction
or Condition g TOGAMCOUAIEE (BQ) g
Operation PCq;:PC11:PCyg: PCy : PCg : PC7 1 PCg : PCs : PCy i PC3 1 PC; i PCy & PGy
SF=1 \ - . .
BSL a (branch condition satisfied) Immediate data specified by instruction
SF=0 (branch condition
not satisfied) +3
Lower 12 bits of address No i . . . .
c +FFE, FFF,, change: Immediate data specified by instruction
o SF=1 .
— Lower 12 bits of address :
- |BS a = FFE, FFFy, + 1 Immediate data specified by instruction
o (final address in bank) :
2 SF=0 +2
+ L .
) I;f;\::er six bits of address No change i Immediate data specified by instruction
H H
c SF=1
— Lower six bits of address :
BSS a =3Fy +1 i Immediate data specified by instruction
= (final address in page) :
o
SF=0 + 1
[ H
_c_’ CALL a 0 0 Immediate data specified by instruction
; i Value generated from
v | CALLS a immediate data specified :
: 0 0 0 0 0 : by instruction P 1 0
* | RET Return address restored from the stack
RETI Return address restored from the stack
Other . .
instruction Incremented by the number of bytes of instruction
At interrupt : :
reception P 0 0 0 0 0 0 0 0 0 :Interruptvector : 0
Atreset 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 2-1. Status Change of Program Counter
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TOSHIBA TMP47E885AF

2.2 Program Memory (ROM)

Programs and fixed data are stored in program Address Addresses
memory. The program counter indicates the Page n p%%e,: __________________________ 0000,
address of the next instruction to be executed. sar [ 00K ?1 -------------------------- 0001
T 003F
(1) Table look-up instructions [LDL A, @DC], 4 S — 0020
(LDH A, @DC+] o1 N
The table look-up instructions read the upper 0 ~ 3:F """"""""""""""""" 007F
or lower four bits of data stored at the ROM L 60 T T
address specified by the data counter (DC) and 3'F 91
load the bits to the accumulator. (The 3F
instruction [LDL A, @DC] reads the lower four > 00
bits. The instruction [LDH A, @DC +] reads 00 :
the upper four bits.) The DC is 12 bits in L 35
length and can specify addresses 1000 - 1FFFy o1 (:)1
in program memory. B IR G T 147F
(2) 5 - to 8-bit data conversion instruction o0 F i 1ch0
[OUTB @HL] o [ O [z ke
The 5 - to 8-bit data conversion instruction L L 3 s \FFE
reads the fixed (8-bit) data stored in the data
conversion table in program memory (1FEO - Figure 2-2. Configuration of Program
1FFFy). The instruction specifies the upper Memory
four bits to be output to port 2 and the lower
four bits to be output to port 1. However, do Address
not use this instruction because the operation 9000 Reset start address
is invalid as there is no port 1 or port 2. 0002 fINT1
0004 ISIF . Interrupt service
2.2.1  Program Memory Map 0006 |IOVF  routine entry Subroutine
Figure 2-3 shows the program memory map. 0008 |iTC  address call entry
Program memory addresses 0000 - 00864 and the =~ 000A [ITMR 2:';?;?::0' from
final 32-byte space can also be used for special gggg INT2 [CALLS a]
sppliction. M e
. 0086 [CALLS a] instruction
2.2.2 Program Memory Capacity :
The processor incorporates 8192 x 8 bits (0000 - i = =
1FFFy) of program memory (mask ROM). g;gg ............................................... Yy
| A= =
OFFF | e _
1000
1
-~ ~
i I[Data tabée fglr g
LI PP LDLA, DCl an
! FEO Data conversion table for  [[LDHA, @DC+]
TFFE [OUTB @HL] instruction '”St'lic’f'O”S

Figure 2-3. Program Memory Map
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2.3 HRegister, L Register, and Data Memory Bank Selector (DMB)

The H and L registers are 4-bit general-purpose registers. The two registers can be used as a pair, called
the HL register, which can be used as a pointer to indicate a RAM data memory address. The data
memory has a page structure with 16 words per page. The H register indicates the page and the L
register indicates the address within the page. The data memory consists of two banks (bank 0 and bank
1). The data memory bank selector (DMB) is a 1-bit register. It specifies the data memory bank. Set the
DMB using the [CLR DMB] and [SET DMB] instructions. The [TEST DMB] and [TESTP DMB] instructions can
be used to ascertain which bank is currently selected. Atreset, DMB is initialized to 0.

The L register has an auto post-increment or decrement feature, which permits compound instructions.
For example, the [ST A,@HL +] instruction automatically increments the contents of the L register after
data transfer.

Similarly, the L register is used to specify the bit corresponding to the 1/0 port (pins R73 - R40) when the
[SET @L], [CLR @L], or [TEST @L] instructions are executed (indirect addressing of the port bits using the L

register).
Example 1: Write immediate values 5 and Fy to data memory addresses 10y and 114 respectively.
CLR DMB
LD HL, #10H
ST #5, @HL + H register Lregister
ST ) #0FH, _@HL+_ DMB HR3 | HR; | HRy | HRo | LR3 | LR, | LRy | LRo
Example2: Use a bit manipulation - — — — =

instruction to set the pin R71

Specifiesbank  Specifies page Specifies address within page
output latch to 1 with L

register indirect addressing. Figure 2-4. configuration of H Register, L Register,
LD L, #1101B and DMB
SET @L

24 Data Memory (RAM)
Data memory is used to save user data. Data memory consists
of eight pages each consisting of 16 words (4-bit words). Data DMB HR LR
memory addresses can be specified by the following methods: | | | | |

f 1L 1T
RAM address| | | ! |

(1) Register indirect addressing mode
The DMB specifies the bank. The H register specifies the

page. The L register specifies the RAM address within the (a) Registerindirect
page. ion field
Example: LD A, @HL ; Acc< RAM [HL] Instruction field
| XXXX | XXXX |
(2) Direct addressing mode DMB

The second byte of the instruction field (operand) specifies
an address in the bank. The DMB specifies the bank.
Example: LD A, 2CH ; Acce« RAMI[2CH]

RAMaddress| || X X X X : X X X X |

(3) Page zero addressing mode (b) Direct
The lower four bits in the second byte of the instruction L
. . . Instruction field
field (operand) specify an address in page zero (00 - OFy) ;
of bank 0. | | RARA |

Example: ST #3, 05H ; RAM [054] <3 I
RAMaddress| 0 || 0000 ! yyyy |

(c) Page zero

Figure 2-5. Addressing Modes
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2.4.1 Data Memory Map
Figure 2-6 shows the data memory map. Data memory is also used for the following purposes, but only in

@® Stack

@ Stack pointer word (SPW)

@ Data counter (DC)

@ Timer/counter register (TC, 1C1,1C0, OC1, OCO)
® PWM output register (PD1, PDO, PS1, PS0)

® Page zero

Address within page
N

F E b ¢ B A 9 8 7 6 5 4 3 2 1 0

\
J

P

F

E

D

C

B

A

9

8

Page < 7
6

5

4

3

2

1

0

-

Note 1 : Represents the stack area.
Note2: V777] No accessas RAM.
TC,0C1, OC IC1, 1C0 Ps1,PD1, Pso, ppo | /M Address (bank 0) A3,
to A0y
write/read read only write only Access prohibited
Figure 2-6. Data Memory Map
(1) Stack

The stack area is used to save the contents of the program counter (return address) and flags when a
subroutine call instruction is executed or an interrupt received. The processor saves the data to the
stack before jumping to the processing routine.

When returning from the processing routine, the subroutine return instruction [RET] restores the
contents of the program counter from the stack. The interrupt return instruction [RETI] restores the
contents of the program counter and flags from the stack.

The stack is allocated to data memory addresses CO - FB in bank 0, providing a maximum of 15 levels
(locations 14 to 0). Each stack level consists of four words of data memory.

The save/restore stack location is determined by the stack pointer word. The stack pointer word is
automatically decremented after saving, and automatically incremented prior to restoring. That is,
the stack pointer word holds the next free location on the stack.
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(2) Stack pointer word (SPW)

Data memory address FFy (in bank 0) is known as the stack pointer word. The SPW determines the
location when the stack is accessed (saving or restoring).

The stack pointer word is normally in the range 0 to 14, allowing up to 15 levels of nesting. Because
the stack pointer word is allocated to address FFy, the contents of the stack pointer word may never

be 15.

The stack pointer word is automatically rewritten at subroutine calls and on receipt of interrupts.
Note that if the stack exceeds the area allocated to the stack in data memory, user data are
corrupted. (For example, if the user data area is allocated to address range 00 - CFy, the stack area is
available up to location 4. If an interrupt is received while location 4 is in use, the user data at
addresses CC - CFy corresponding to location 3 are corrupted.)

The stack pointer word is not initialized by
hardware. Use a software initialization
routine to write initial value 14 (the
number of the first stack location to use).

PCg Save

Stack

o Jme|frcufPcu[Pa | ]
RAM (EBy) (EAR) (E9n) (E8n) (E7y)

address
—>|<— Location 9

—>|<— Location 10

Before.instruction  After instruction
execution execution

o 10 ] —
RAM address  (FFy) (FFh)

(a) Atexecution of subroutine call instruction

FLAG PC

PCy Restore

Stack

o [res |1 Py [ Peu [ Pa | |
RAM (EBy) (EAN) (E9y) (E8y) (E7y)

address
—>|<— Location 10 —>|<— Location 9
After instruction
execution

Before mstructlon
execu

ssw [ 9 | — [ 10 |

RAM address  (FFy) (FFy)

(c) Atexecution of subroutine return instruction

Example Stack pointer word initial setting
LD A, #14
CLR DMB
ST A, OFFH
FLAG PC
Stack PCs Save

[ras [ Pey | Pew | Pe, | |

RAM  (EBy) (EAw) (E9) (E8u) (E74)

address
—>|<— Location 9

SPW | 1o|—>| 9 |

RAM address  (FFy) (FFR)

(b) Atinterruptreception

FLAG PC

PCgy Restore

Stack

— [ [ Py [ Peu [ Pa | |
RAM (EBy) (EAW) (E9y) (E8y) (E7.)

address
—>|<— Location 10 —>|<— Location 9
After mstructlon

Beécc)re instruction
sw [ s ] — [10]

RAM address  (FFy) (FFy)

(d) Atexecution of interrupt returninstruction

Figure 2-7. Stack Access (Save/Restore)
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(3) Data Counter (DC) MSB LSB
The data counter is a 12-bit counter used to Data counter (DC)
specify the address of the data table in program DCy | DCw | DCL
memory (ROM). The data table is referenced by ‘

RAM address (FER) (FDp) (Fcr)

the table look-up instructions [LDL A, @DC] and _
[LDH A, @DC +]. Data tables can be allocated Figure 2-8. Data Counter
from address 10004 in the program memory

area (the MSB of the PC s fixed to 1), Example : Setthe data counterto 7804

LR DMB
The data counter is allocated to RAM addresses ED HL #OFCH
in units of 4 bits. Use the RAM manipulation ST #OIH @HL +
instructions to set initial values or read the ST #8H. @HL+
contents of the data counter. ST #7H, @HL +

(4) Timer/Counter Registers (TC, 1C1,1C0, OC1, OCO)
The timer/count registers are allocated to RAM in units of 4 bits. Use the RAM manipulation
instructions to set initial values or read the contents of the count registers.
However, because the data memory at addresses corresponding to the registers cannot be accessed
as RAM, the data memory cannot be used to store user data. Registers IC1 and ICO are read only.
Registers TC, OC1, and OCO can be read or written.

MISB LSB MSB LSB MSB LSB
Timer/counter Input capture1 (1C1) Output compare 1 (0C1)
T3 | TC2 | T | TCo ic13 | 1c12 | ic11 | icto oc13 | oc12 | oci1 | octo
RAM address  (AFy) (AEy) (ADp) (ACH) (B7y) (B6y) (B5) (B4y) (BFy) (BEy) (BDW) (BCy)
MSB LSB MSB LSB
Input capture0 (IC0) Output compare 0 (OC0)
IC03 | 1c02 | Ico1 | 1C00 0C03 | 0C02 | OCO1 | 0C00
RAM address  (B3y) (B2y) (B1n) (BOw) (BBn) (BAL) (B9y) (B8Y)

Figure 2-9. Timer/Counter Registers

(5) PWM output registers (PD1, PDO, PS1, PS0)
The PWM output registers are allocated to RAM in units of 4 bits. Use the RAM manipulation
instructions to set initial values.
However, because the data memory at addresses corresponding to the registers cannot be accessed
as RAM, the data memory cannot be used to store user data. Registers PD1, PDQ, PS1, and PSQ are

write only.
MSB LSB MSB LSB
PWM prescaler (PS1) PWM duty 1 (PD1) PWM prescaler0 (PS0) PWM duty 0 (PDO)
PS1 PD1, : PD1y : PD1, PSO PDO, : PDOy : PDO,
RAM address (ABp) (AAY) (A9y) (A8y) (A7) (A6y) (A5L) (A4y)
Figure 2-10. PWM Output Register
(6) Page Zero Example : If bit 2 of data memory address
The sixteen words of (bank 0) page zero 04y is 1, write 8 to address 09.
(addresses 00 - OFy) data memory can be used for TEST 04H, 2
user flags and pointers by utilizing the page zero B SKIP
addressing mode instructions (compare, add, ST #8,09H
transfer, and bit manipulation). This enables a SKIP :

highly efficient program.
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2.4.2 Data Memory Capacity

47E885AF provides 256 x 4 bits of two internal data memory (RAM) banks (bank 0 and bank 1). Because
the contents of the data memory are undefined when the power supply is switched on, set initial values

using the initializing routine.

Example: Clear RAM.
LD HL, #00H
SCLR1:CLR DMB

SCLR2 :ST #0, @HL +
B SCLR2
SET DMB
SCLR3:ST #0, @HL +
B SCLR3
ADD  H, #1
B SCLR1

2.5 ALU and Accumulator

251 ALU
The ALU (arithmetic logic unit) performs
operations on 4-bit binary data. The ALU
executes an instruction and outputs the (4-bit)
operation result, carry data (C), and zero
detect data (2).

(1) Carrydata(C)

In additions, the carry data represent the
carry from the uppermost bit. As
subtraction is processed as a two's
complement addition, carry data indicate
no borrow from the lowest bit. For
rotation instructions, carry data indicate
that data shifted out of the accumulator.

(2) Zerodetectdata (2)
The processor sets zero detect to 1 when
an operation result or data transfer to the
accumulator or data memory is 0000g.

2.5.2 Accumulator (Acc)
The accumulator is a 4-bit register used to
store the source and result data for
operations.

26 Flags(FLAG)

Note: Cinindicates the carry

Address
00y
DMBO
FF
00
DMB1
FF
Figure 2-11. Data Memory
/RANMN
S Data bus ()

UL e 77
\Y

input specified by the ALU
instruction.

NN

Operation result

Figure 2-12. ALU

Example :  Carry data (C) and zero detect data (Z) resulting
from 4-bit addition and subtraction.

Operation Operationresult C z
4+2 = 6 0 0
7+9 = 0 1 1
8-1 = 7 1 0
2-2 = 0 1 1
5-8 = -3(1101p) 0 0

MSB LSB

3 2 1 0

Figure 2-13. Accumulator

47E885AF has a carry flag (CF), zero flag (ZF), and status flag (SF). The flags are set or cleared depending

on conditions specified by the instruction.

When an interrupt is received, the flags are saved to
the stack together with the program counter.
Executing the interrupt return instruction [RETI]
restores the flags from the stack. This restores the
state immediately prior to receiving the interrupt.

3 2 1 0

[ ¢ | zx | s

Figure 2-14. Flag
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(1) Carry flag (CF)
The carry flag stores the carry data from the ALU at execution of an addition or subtraction
instruction with carry, execution of a compare instruction, or execution of a rotate instruction.
When a carry flag test instruction is executed, the value specified by instruction is set in the carry
flag.

1. Addition or subtraction instruction with carry [ADDC A,@HL] [SUBRC A,@HL]
The carry flag is used as an ALU input (Cin) and to store the carry data (carry/non-borrow).
2. Compare instructions [CMPR A,@HL] [CMPR A,#k]
The carry flag is shifted into the accumulator and stores the carry data (data shifted out of
the accumulator).
3. Rotate instructions [ROLC A], [RORC A]
The carry flag is shifted into the accumulator and stores the carry data (data shifted out of
the accumulator).
4. Carry flag test instructions [TESTP CF], [TEST CF]
The [TESTP CF] instruction transfers the contents of the carry flag to the status flag. After
the transfer, the carry flag isset to 1.
The [TEST CF] instruction transfers an inverted carry to the status flag. After the transfer,
the carry flag is cleared to 0.

(2) Zero flag (ZF)
The zero flag stores the zero detect data (Z) from the ALU at the execution of an arithmetic
instruction, a rotate instruction, an input instruction, or an instruction to transfer to the
accumulator. The [TESTP ZF] instruction transfers the contents of the zero flag to the status flag.

(3) Statusflag (SF)
The status flag contains the branch conditions for branch instructions. A branch occurs if the status
flag is 1. The status flag is normally set to 1; branch with the status flag set to 1 is regarded as an
unconditional branch instruction. A branch made immediately after the status flag is set/cleared
according to the condition satisfied by the instruction is regarded as a conditional branch instruction.
The status flag is initialized to 1 at reset. (Other flags are not initialized.)

Example: The table below lists the values of the accumulator and the flags after execution of the
instructions in the table. Prior to the execution, the values are as follows:
accumulator: CH Hregister: 0 Lregister: 7 Address 07y in data memory: 5

carry flag: 1

Instruction Accaf‘lcer Flag after execution Instruction Accaf'.cer Flag after execution
execution CF ZF SF execution CF ZF SF

ADDC ALCHE ... 2o O (R 2 Ol
SusRc A et ... b RO RO DO [ Eovrie SR A OO O T IV RN B
cmPR.AaLer T Ot O o L 2B A G VRN O IO
AND A, @HL ! LS RO A TN RSN SO N
S A @HL ............ 5H ............ ol 0 g i §6ch A - . : ;
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2.7

System Control Circuit

Figure 2-15 shows the configuration of the system control circuit.

2.7.

o Clock (Hold mode status)
N generator :
—l XIN . ——— Hfe
I_FD_’ Oscullatlo.n circuit [ Timing System clock
O \ : for high-
n T 1. | frequencycock generator — control circuit
1 L1
XouTt T ¢ ¢ ¢ ¢
Lo
. ~——
[} H
i XTIN = PR System clock
[|] J’_ I I scillation circul fS OP16 IPOE
O I : | forlow-frequency | : FETTTN TP
! : clock EO illation/st trol |System|c|ockcor:tro| comlmand | : | SMF Ho'g'ié
r 0 B n n r .....................
—"—T—l |<—‘— : scillation/stop contro 3 3 N 0 3 5 n 0

(System clock control status)

Figure 2-15. System Control Circuit Configuration

1 Clock Generator (CG)

The clock generator is a circuit to generate the fundamental clock, which is the reference for the system
clock supplied to the CPU and peripheral hardware. The processor incorporates two types of oscillator
circuits: one for the high-frequency clock and one for the low-frequency clock. To reduce power
dissipation, switch to low-speed operation using the low-frequency clock in the system clock control
circuit or completely stop the CPU.
A high-frequency clock and low-frequency clock can be easily obtained by connecting an oscillator
respectively to the XIN and XOUT pins, or the XTIN and XTOUT pins. A clock can also be input from an

external oscillator.
-------------- High-frequency

XIN XOuT XIN

(a) Crystal or ceramic
oscillator

(Open circuit)

""""" A r

XOouT

(b) External oscillator

XTIN

----- - Low-frequency ---------------1

XTOUT XTIN XTOUT

Ll

(Open circuit)

=

(c) Crystal oscillator (d) External oscillator

Figure 2-16. Oscillator Connection Examples

*  Precise adjustment of oscillation frequency
The hardware does not provide the capability to directly monitor the fundamental clock
externally. However, if interrupts are inhibited and the watchdog timer is halted, output pulses
can be programmed to a port with a fixed frequency. The pulse can be monitored and the
frequency adjusted. Create such a program for use in adjusting the oscillator frequency in systems
that require such adjustment.

Example: Output a pulse (fc: 40Hz) to R70 for monitoring and adjustment of high-frequency

oscillation.
SFCCHK : SET
CLR
BSS

%OP07, 0
%OP07, 0
SFCCHK

Output waveform

inn

fc/40
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2.7.2 Timing Generator (TG)

(1) Timing generator configuration
The timing generator consists of a 3-step prescaler, a 19-step binary counter, and an instruction cycle
generator circuit. The input step and the clock input to the timing generator are set as follows
according to the operating mode selected by the system clock control command register (OP16). The
binary counter is cleared to 0 at reset. However, the prescaler is not cleared.

fc [Hz]
—

fs [Hz]

1.

In single-clock mode
The high-frequency clock (fc) is input to the timing generator first step. In this mode, SLCK
(bit 2 of command register OP16) must be cleared to 0.

. In dual-clock mode

In this mode, the fc is input at the first step. The seventh and eighth steps are separated.
The clock input to the eighth step can be selected by SLCK (bit 2 of command register OP16).
Setting SLCK inputs fs, while clearing SLCK inputs fc/27. In slow mode, the oscillation of the
high-frequency clock stops and fs is automatically input to the eighth step. The divider
output from step 1 to step 7 is halted. Figure 2-17 shows the timing generator
configuration.

Prescaler

Instruction cycle

213 generation circuit ) SMF status
Binary counter |

415]|6 7—o/o—>8910111213141516171819202122

Figure 2-17. Timing Generator Configuration

(2) Timing generator functions

aRwN

The timing generator functions are:
1.

Generate instruction cycles

Generate internal pulses for the interval time
Generate internal serial clocks for serial interface
Warming-up counter when a hold is released
Generate clock source for watchdog timer

2.7.3 System Clock Control Circuit
The system clock control circuit controls the timing generators. It also operates or halts the oscillator
circuits for the high-frequency clock and low-frequency clock.
The CPU can operate in single-clock or dual-clock mode depending on the command.
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Single-clock mode ; Dual-clock mode
1
i
i
High frequency : Oscillates. N?r;nal 1 Command H N<1>r;nal 2 High frequency : Oscillates.
. e 7 1 C 7 ) .
Low frequency : Stops. (at 6 MHz) Command : (at 6 MHz) Low frequency : Oscillates.
Reset !
[l
Reset | Reset
- Reset Reset !
HOLD release Mode '
pininput I Command| |Command
rise Command I
1
Reset Reset i
1
i SLOW
High frequency : Stops. HOLD i 244 us High frequency : Stops.
Low frequency : Stops. | (CPU halted) ! (at32.8 kHz) / Lowfrequency : Oscillates.
1
1
1
1
I

Note: Normal 1 and 2 operating modes are known collectively as normal operating mode.

Figure 2-18. Operating Mode Transition Dialgram

(1) System clock control
The command register (OP16) controls system clock. At reset, the register is set to 0, selecting single-
clock mode. When operating modes are switched, all states can be read from the status register

(IPOE).
System clock control command register System clock control status register
(port address : OP16 initial value : 0000g) (port address : IPOE initial value : 00%*g)
3 2 ! 0 RSTUTE- AU 2 .. ! 0
DCLK3 | SCLK | DCLK1 | DWUT | i (SIOF) i (SEP) SMF | HOLD/SLS |
DCLK3/DCLK1 | Selects operating mode. |(Note 2) SMF | Low-frequency clock oscillation status|
00 : Single-clock mode (Normal 1 mode) | TG step 17 output (fc/217 or fs/210 Hz)
01 : Donotuse.
10 : Dual-clockmode (Normal 2 mode) HOLD/SLS | Monitors HOLD pin status/operating status.
11 : Dual-clock mode (SLOW mode) I Singleclock T Dualclock
0 : HOLDpinishigh. (innormal 2 mode)
SLCK | Selectsinput clock for TG step 8. | (Note 3) 1 : HOLDpinislow. (inslow mode)
Example: fc=4.19 MHz L
0: fa2” [Hz] - 32.8 [kHz]
10 s Note 1: fc,; High-frequency clock [Hz]
L : fs, Low-frequency clock [Hz]
Note2 : Note the bit configuration.
DWUT | Warming-up time setting |(Note 4) Note 3: Valid only in normal 2 mode.
- Note4 : Valid only when switching to normal
Example:  fc=4.19 MHz 2 mode from slow mode.
fs=32.8kHz Note5: Accessing OP16 may advance the
0 : 28/fs+29/%c[s] -+ 7.9[ms] divider output after timing generator
1 2Ny e 429/ ¢ - 62.6 step 8 by 27fc [s] (max.) or 1/fs [s].

Figure 2-19. System Clock Control Command Register/Status Register
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(2) Instruction Cycle
Instruction execution and internal hardware operation are synchronized with the fundamental
clock.
The minimum unit of instruction execution is called an instruction cycle. Single-cycle instructions
require one instruction cycle to execute; two-cycle instructions require two instruction cycles to
execute. While three-cycle instructions require three instruction cycles to execute.
Instruction cycles consist of four states (S1 to $4). Each state consists of two fundamental clocks.

1/fcor1/1s[s]
|

Fundamental |||||||||||||||||||||||||
clock —_— : :

State | S1 | $2 | $3 | s4 | S1 | $2 |

Instruction cycle

Figure 2-20. Instuction Cycle

2.7.4 Operation Mode
Operating mode consists of single-clock mode, which uses only the oscillator circuit for the high-
frequency clock, and dual-clock mode, which uses the two types of oscillator circuits.

(1) Dual-clock mode
Dual-clock mode usually performs normal 2 operation, which generates instruction cycles from the
high-frequency clock (fc). If necessary, slow operation can be performed by generating instruction
cycles from the low-frequency clock (fs). The following describes switching between normal 2 and
slow operation in dual-clock mode. Atreset, the command register is initialized to single-clock mode
and the low-frequency clock is stopped, so set to normal 2 operation in dual-clock mode. Switching
to normal 2 mode starts the low-frequency clock.

a. Switching from normal 2 to slow operation

Setting DCLK1 (OP16 bit 1) to 1 switches to slow operation. However, several seconds are
required for the low-frequency clock oscillation to stabilize. Therefore, if switching to slow
operation immediately after switching to normal 2 operation, wait until the low-frequency clock
oscillation has stabilized or check the oscillation by program. Use the SMF status register (IPOE
bit 1) for this check.

If the high-frequency clock (fc/27) is input to TG step 8, first set SLCK (OP16 bit 2) to 1 and input
the low-frequency clock (fs). Then, monitor SMF by program. After confirming the SMF has
switched from 1to0to 1, or from 0 to 1to 0, set DCLK to 1. The high-frequency clock oscillation
then stops.

b.Returning to normal 2 operation from slow operation
When clearing DCLK1 to 0, simultaneously set the warming-up time in DWUT (bit 0 of OP16 ) to
return to normal mode. After the set warming-up time has elapsed, normal 2 operation starts.
The current operating mode can be confirmed by monitoring SLS (bit 0 of IPOE).
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(« .
High-frequency " ﬁ
clock (XOUT)

Low-frequency /\/\/\/\/\
clock (XTOUT) § \
Fundamental clcok | | | | | | | | ' | | | | | | |

Operatingmode  Normal operation —><—— SLOW operation

- Normal operation
f|<—Warm|ng-up — >

Switches to slow Switches to normal

operation by program. operation by program.

SLS

Figure 2-21. System Clock Switching Timing

Note : Slow mode automatically halts the high-frequency clock oscillation, enabling low-power
dissipation and low-voltage operation. Power dissipation is reduced in the oscillator circuit
and internal hardware; however, pin interface-related power dissipation (dependent on
external circuits and the program) is not directly related to low-power dissipation
operation. Therefore, consider power dissipation at the system and interface circuit design
stage.

Although instruction execution is not cancelled by switching to slow operation, some
peripheral hardware functions may be affected. See operational descriptions on this point.

(2) Single-clock mode
This mode uses only the oscillator circuit for the high-frequency clock. R72 (XTIN) and R73 (XTOUT)
are set to an I/0O port. After reset is released, enters single-clock mode (normal 1 mode). The system
clock control command register (OP16) is not required in single-clock mode. Hold mode provides
low-power dissipation.

2.7.5 HOLD Operation
The HOLD function halts the operation of the system and preserves the internal status immediately prior
to the halt. Processor power dissipation is low during a HOLD. The HOLD function is controlled through
the command register (OP10) and the HOLD pin input. The input status of the HOLD pin can be
monitored by the status register. In single-clock mode, bit 0 of IPOE can be used. In dual-clock mode, this
bit is used for monitoring operating status (SLS) and is therefore not available. Instead, use bit 3 of IP10.
This bit can be used in single-clock mode.

(1) Starting HOLD mode
Setting a command in the command register in single-clock mode starts HOLD mode. The states
during a hold are as follows:
1. Oscillation is disabled and all internal operation halted.
2. Thetiming generator binary counter is cleared to 0.
3. Data memory, registers, and port latches maintain their states immediately prior to the
hold.
4. The program counter stores the address of the instruction following the instruction used to
trigger the hold ([OUT A, % OP10] or [OUT @HL, % OP10]).
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HOLD Mode Command Register HOLD mode status register
(Port address : OP10  initial value : *0*x*) (Port address : IPOE initial value : 00**g)
3 2 1 0 3 2 1 0
. . s e, prenes s,
| HLDMS HWUT | . (sl0n : (A i (mP) | Howp
: H H (KEO)
HLDMS | Sets mode/starts hold. | (Portaddress: IP10  initial value : ****p)
01 : Starts HOLD in edge release mode 3 i L S
11 : Starts HOLD in level release mode HOLD
*0 : (donotuse) (K103)

HOLD HOLD pin input status
0 : HOLD pin at high level
1 : HOLD pin at low level

HWUT | Warming-up time at HOLD release

Example: fc=4MHz
00 : 2'8/1c¢ [s] eweeeeerees 65.5 [ms] L
AT 4.1 Note1: * ; don’tcare
Note2: * ; When notusing HOLD mode, do
not access command register OP10.

10 : (donotuse)
11 ;0 28/fc e 0.016

Figure 2-22. HOLD Mode Command Register and Status Register

HOLD mode includes level release mode and edge release mode.
a.Level release mode

Setting the HOLD pin to high releases HOLD mode. This mode is used for capacitor backup or
long-duration battery backup when an outage occurs in the main power supply.
The processor does not enter HOLD mode if the HOLD pin input is high when the instruction for
starting HOLD mode is executed. Instead, the CPU immediately switches to the release sequence
(warming up). Accordingly, when starting a HOLD in level release mode, the program should
first check that the HOLD pin input is low (HOLD requested). There are the following two
methods to check the HOLD pin input state:

1. Test HOLD (bit 0 of IPOE or bit 3 of IP10).

2.Input HOLD pin input to INT1 pin as well and generate an external interrupt 1 request.

Example : Test HOLD, then start a HOLD in level release mode (warming-up time is 214/ fc [s]).

SHOLDH : TEST %IPOE, 0
B SHOLDH
LD A, #1101B
ouT A, %OP10
: 1
HOLD pin S Py 7,t
! “ :
4 -
XOUT pin !
1 1 |
Operating Normal—>-+ HOLD operation < Warming-up —»l<—— Normal operation
mode operation E
Detects by program and

Releases HOLD mode by hardware
The HOLD is always released when
the HOLD pin input becomes high.

enters HOLD mode.

Figure 2-23 (a). Level Release Mode
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b.Edge release mode
This mode releases the HOLD at a rising edge of input to the HOLD pin. Edge release mode is
used for repeating a relatively short programs at a fixed interval. Input a signal at a fixed
interval (for example, a clock from a low power dissipation oscillator) to the HOLD pin.
In edge release mode, the processor enters HOLD mode even if the HOLD pin input is high.

Example: Start HOLD in edge release mode (warming-up time set to 214/fc [s]).

LD A, #0101B ; OP10«0101p
ouT A, %OP10
(¢

HOLD pin 0 |
£ : /L
XOUT pin ! M
. . A . i Warming- _|_Normal | .

operan;cgdge Normal operatiom—>b<— HOLD operation —>< up >l (peration > < HOLD operation

Enters hold mode /

by program The hold is released by hardware at a rising edge of

input to the HOLD pin.
Figure 2-23 (b). Edge Release Mode
Note: HOLD mode reduces power dissipation in the oscillator circuit and internal hardware.

However, pin interface-related power dissipation (dependent on external circuits and the
program) is not directly related to the hardware operation of the HOLD function.
Therefore, consider power dissipation at the system and interface circuit design stage.
Current is minimal when the input level of the CMOS circuit is stable at the power supply
voltage level (Vpp/Vss). However, current flows if the input level fluctuates beyond the
power supply voltage level (about 0.3 to 0.5V). Therefore, when a pin signal is at high
impedance because the output transistor at an input/output port (pins with open-drain
outputs and input transistors) is disconnected, current may flow through the input
transistor. Fix the input level using pull-up resistors.

(2) HOLD mode release

HOLD
1.
2.

mode is released in the following sequence:

Oscillation begins.

Warms up for a sufficient time to stabilize the oscillation. During the warming-up time,
internal operations remain halted. The program can select one of three warming-up times
to suit the characteristics of the oscillator.

. When the required warming-up time has elapsed, operation resumes from the instruction

following the instruction that started HOLD mode.

The warming-up time is obtained by dividing the frequency of the high-frequency clock
using the timing generator. Therefore, if fluctuations occur in the oscillation at the release
of HOLD mode, the warming-up time will vary from that shown in Figure 2-23 Treat the
warming-up time as an approximate value only.

HOLD mode can also be released by setting the RESET pin to low. In this case a normal reset occurs
immediately.

Note:

Note the following when releasing a HOLD at low voltage.

Before releasing the hold, raise the power supply voltage to the operation. At this time, the
RESET pin input becomes high together with the power supply voltage. If a time constant
circuit, for example, is connected to the RESET pin, the rise in voltage at the RESET pin is
slower than the rise in power supply voltage. If at this time, the RESET pin input voltage
exceeds the non-inverted high level, an unintended reset may be automatically generated.
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2.8.

(M

Interrupt Functions

Interrupt control circuit

Six interrupt sources, two external and four internal, are supported. Prioritized multiple interrupts
are also possible.
Interrupt latches (ILs to ILg) are provided to store the requests that accompany the interrupts. The
generation of an interrupt request sets the interrupt latch to 1. The interrupt latch requests the CPU
to receive the interrupt. The program can selectively enable or disable interrupts using the interrupt
enable master flip-flop (EIF) and the interrupt enable register (EIR). If multiple interrupt requests are
generated simultaneously, the CPU receives the requests according to the priority defined in the
hardware (the highest priority interrupt is received first).

Interrupt
| Hardware Interrupt | enable/disable Entry
nterrupt source priority latch conglr‘gg?as:t by Address
External | External interrupt 1 (INT1) (high) 1 ILs EIF =1 0002y
Serial interface interrupt (ISIF) 2 ILg EIF=1,EIR3=1 0004y
| | Timer/counter overflow interrupt (IOVF) 3 IL3 EIF=1,EIRy; =1 0006y
nterna
Timer/counter interrupt (ITC) 4 1L 0008y
EIF=1,EIR =1
Interval timer interrupt (ITMR) 5 IL4 000A
External | External interrupt 2 (INT2) (low) 6 ILg EIF=1,EIRg=1 000CH
Table 2-2. Interrupt Sources
Interrupt latch
INTT D 55 Q
—ﬂD:rD ILs
R
ISIF D S ||_4Q —i > Priority
:r)D R decision
circuit
S
IOVF Y IL3Q — >
i E R & Address data
ITC S Q — > 7
<D:r[> R IL
Entry Receive signal
ITMR bS Q — > address 9
4D:|_D ILy eneration
P R g
— circuit Interrupt request
bS
INT2 D l—D ™~ ||_0Q >
s rg r3 r) ri rg —
¢—>EIR3 | EIR; | EIR¢ | EIRy |
EICLR IL,r [XCH A, EIR] Interrupt N s Q
DICLR IL,r |> enable R
CLR IL,r Acc register Interrupt enable master flip-flop
L P (EIF)
[EICLR IL, ]
[DICLR IL, ]
System reset

Figure 2-24. Interrupt Control Circuit Block Diagram

4-85-22



TOSHIBA TMP47E885AF

a.Interrupt enable master flip-flop (EIF)
This flip-flop enables or disables all interrupts. Clearing the flip-flop to 0 disables reception of all
interrupts. Setting the flip-flop to 1 enables reception of all interrupts.
When an interrupt is received, the flip-flop is cleared to 0, temporarily disabling reception of
subsequent interrupts. After the interrupt service program is executed, the flip-flop is reset to 1
by the execution of the interrupt return instruction, again enabling interrupts.
Use the [EICLR IL, r] or [DICLR IL, r] instruction to set or clear the EIT. At reset, the flip-flop is
initialized to 0.

b.Interrupt enable register (EIR)
The EIR is a 4-bit register that enables or disables reception of the ISIF, IOVF, ITC, ITMR, and INT2
interrupts. If the applicable bit of this register is 1, the interrupt is enabled. If the applicable bit
is 0, the interrupt is disabled. The ITC and ITMR interrupt sources share bit 1 of the EIR (EIR1).
Use the [XCH A EIR] instruction to read or write the EIR. Atreset, the EIR is initialized to 0.

c. Interrupt latch (IL)

An interrupt latch is provided for each interrupt. The IL is set to 1 by the generation of an
interrupt request, whereupon the IL requests that the CPU receive the interrupt. Immediately
the interrupt is accepted, the latch is cleared to 0. At reset, all interrupt latches are initialized to
0.

The interrupt latches can be individually cleared by the interrupt latch instructions [EICLR IL,r],
[DICLR IL, r], and [CLR IL, r]. Interrupt requests can be cancelled or initialized within the
program. When the value of the instruction field, r, is 0, the interrupt latch is cleared. When the
value is 1, the interrupt latch value is maintained. The interrupt latch cannot be set by an

instruction.
Example 1:  IOVF, INT1, INT2 interrupts. Example 2:  Clearinterrupt latches other than ISIF and set EIF to 1.
LD A, #0101B EICLR IL, 010000B
XCH A, EIR
EICLR IL, 111111B

(2) Interrupt processing
Interrupt requests are saved until the interrupt is received, or until the interrupt latch is cleared by a
reset or an interrupt latch manipulation instruction. Interrupt receive processing is executed in two
instruction cycles after the instruction currently under execution is completed. The interrupt
processing program terminates on execution of the interrupt return instruction [RETI].
The processor performs the following operations to receive an interrupt:
1. Savesthe contents of the program counter and flags to the stack.
2. Setsthe interrupt entry address for the interrupt in the program counter.
3. Setsthe status flagto 1.
4. Clears the interrupt enable master flip-flop (EIF) to 0 to temporarily disable further
interrupts.
Clears the interrupt latch for the received interrupt to 0.
Branches to the instruction stored at the interrupt entry address. (The program memory at
the interrupt entry address usually contains a branch instruction to the service program for
the interrupt. As the interrupt entry addresses are allocated every 2 bytes, the addresses
typically cannot contain a long branch instruction. Accordingly, the interrupt service
program is allocated to program memory addresses 0000 - OFFFy.)

o wu

4-85-23



TOSHIBA TMP47E885AF

To handle multiple interrupts, set the EIF  Example : Disable the interrupt processing for INT1 by

to 1in the interrupt service program. The software (use bit 0 of RAM [05H], the interrupt
EIR determines which interrupts can be processing disable switch).
received at this time. However, as the If RAM [05H]g=1, processing returns without
INT1 interrupt cannot be disabled by the processing the interrupt.
EIR, disable processing of INT1 by PINT1 : TEST O5H, 0
software. B SINT1

RETI

SINT1 : :

The interrupt return instruction performs the following operations:
1. Restores the contents of the program counter and flags from the stack.
2. Sets the interrupt enable master flip-flop (EIF) to 1 to re-enable interrupts. This means that
the next interrupt can be received immediately after execution of the interrupt return
instruction.

Note : Ifthe interrupt processing time is longer than the interval between interrupt requests,
only the interrupt service program is executed (the main program is not executed).

In interrupt processing, the program counter and flags are automatically saved or restored.
However, the accumulator and other registers (for example, the HL register pair, DMB, and DC) are
not automatically saved or restored. If the accumulator and other registers are used in the interrupt
handler, their contents should be saved on entry and restored on exit. When multiple interrupts are
generated, be careful that the save areas in RAM do not overlap.

Example 1:  Save and restore the accumulator and HL register pair.
XCH HL, GSAV1 ; RAM [GSAV1] & HL
XCH A, GSAV1 +2 ; RAM [GSAV1 + 2] & Acc
Note : The lower two bits of GSAV1 must be set to 0.

Example 2:  Save the DMB to bit 0 at address GSAV3 in data memory (page zero).

CLR GSAV3, 0 ; RAM [GSAV3] g0
TEST DMB ; If DMB = 0, skips.
B SKIPS

SET GSAV3, 0 ; RAM [GSAV3] g« 1

SKIPS :

Example 3:  Restore the DMB from bit 0 at address GSAV3 in data memory (page zero).

CLR DMB ; DMB«0

TEST GSAV3, 0 ; FRAM [GSAV3]y = 0, skips.
B SKIPR

SET DMB ; DMB « 1

SKIPR :
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One instruction cycle

I | I | | I I I I | | I | I | I [
INT2 \\

ITMR
ILy A\

e __ Y ) E‘\—
EIF & P
e

ik e Habalieblbbeh e e— TP il T Tt 1"
Interrupt Executing the 1 1 1 ; Interrupt Executing the 1
receive nsiruction ac | 1 i Executing receive etruction at |
processing  faddress OOOAEJ' J'_ _LELCLR IL,r processing address OOOCﬂJ'

Note 1:  Assumes no other interrupt requests and that EIR = 0011g.
Note2: The "r" ofinstruction [EICLRIL,r] is assumed tobe 111111p.
Note3: 1 " T indicates instruction execution.

Figure 2-25. Interrupt Timing Chart (Example)

(3) External interrupt
The interrupt latches for external interrupts INT1 and INT2 are set at falling edges of the
corresponding pin inputs (INT1 and INT2).
As the INT1 interrupt cannot be disabled by the EIR, this interrupt is always received as long as
interrupts are enabled (EIF=1). Consequently, use this interrupt for high priority interrupts, for
example, emergency interrupts. Interrupt INT1 is generated at the falling edge of R82 (INT1) pin
input. Thus, when using the pin as an I/O port, write an interrupt return instruction [RETI] at the
interrupt entry address to perform dummy interrupt processing.
Interrupt INT2 can be enabled or disabled by the EIR. When using the R80 (INT2) pin as an I/O port,
interrupt INT2 is generated at the falling edge of the pin input. However, simply clearing EIR bit 0 to
0 disables interrupt INT2.
The external interrupt inputs are hysteresis inputs. Both high and low levels must be maintained for
at least two instruction cycles for the interrupt to be detected correctly.
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2.9 Reset Function

If the RESET pin is maintained at a low level for a minimum of
three instruction cycles with stable oscillation and the power
supply voltage within the operating voltage range, a reset
occurs and the internal state is initialized.

The reset is released when the RESET pin returns to high level.
This restarts execution from address 0000H.

The RESET pin is a hysteresis input with a pull-up resistor (typ.
220kQ). Connecting a capacitor and a diode externally Figure 2-26. Simple Power-On Reset

provides a simple power-on reset. Circuit
Internal hardware Initial value Internal hardware Initial value
Program counter VPO 0000y | . TGbinarycounter ol o
Losratustlag e SO L Output latch Seethe /O
....... Data memory bank selector (OMB) | ....0....].. (nputoutputoroutputport) |circuitsection.
....... Interrupt enable master flip-flop (1P 1 .0 .. Seethe
Interrupt enable register (ER) | 0 H o Command registers description of
....... Interruptlatch(IL) “0" each command

Table 2-3. Internal Hardware Initialization by Reset

2.9.1 Warm Start

Warm start - reset while saving contents of data memory after HOLD is released - is not supported by

hardware. However, warm start can be performed in the following way.
Backs up the voltage supplied to the VDD pin.
Also applies to the HOLD pin a waveform in sync with the change in power supply voltage.
Detects a power drop and sets to HOLD mode during power cut.
After release from HOLD, resets by program using sink open-drain (initial: Hi-Z) output
port.

5. Appliesthe POWER ON detect signal to the input port and skips the RAM initialize routine.

Figure 2-27 is an example of a warm start circuit.

PWON =

POWER

RESET

/ ;; Note: POWER ON : POWER ON detect signal
POWER ON  >———— PORT XIN _j__l

)J; VSS XouT _LI

Figure 2-27. Warm Start Circuit Example
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Peripheral Hardware Functions

Ports

The 13 input/output instructions transfer data with external circuits. The instructions also transfer
commands, read states, and data with internal circuits.
The four types of portsare: 1. Input/output ports ; Transfer data with external circuits.

2. Command registers ; Control internal circuits.

3. Statusregisters ;  Read status signals from internal circuits.

4. Dataregisters ;  Transfer data with internal circuits.
Ports are assigned a port address (00 - 1Fy). Individual ports are selected by specifying the port address in
the input/output instruction. Table 3-1 shows the port address allocation and the input/output
instructions that access the ports.

3.1.1 Input/Output Timing

(1) Inputtiming
The processor reads external data from input ports or input/output ports at the S3 state of the
second cycle of the input instruction (a 2-cycle instruction). As this timing cannot be identified
externally, the program must deal with transient input data such as chatter.

| First cycle | Second cycle |
I >1 1
e S1 S22 S3 sS4 S1 S2 S3 sS4 -—
Instruction execution I ! "IN /T['EST/TI;STP ir]'struction ! I e

Input strobe | I
ot e G TR

Figure 3-1. InputTiming

(2) Outputtiming
The processor outputs data to output ports or input/output ports at the S4 state of the second cycle
of the output instruction (a 2-cycle instruction).

| First cycle | Second cycle |
| I 1

e S1 52 53 54 S1 S2 S3 54
Instruction execution I ! {DUT /'§ET/ CIJ_R inst:ructioqlw ! I

Output latch pulse | |

Port X

Figure 3-2. Output Timing
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3.1.2 Input/Output Ports
TMP47E885AF has ten input/output ports and 36 pins.

1. PortKO . 4-bitinput

2. PortR4, R5 ;  4-bitinput/output (also used for A/D converter analog input)

3. PortR6 ; 4-bit output/input

4. PortR7 ;  4-bit input/output (used as a low-frequency oscillator connecting
pin and for watchdog timer output)

5. PortR8 ; 4-bit input/output (used for external interrupt input and as
asynchronous serial port)

6. PortR9 ;  3-bitinput/output (also used as a synchronous serial port)

7. PortRA ; 4-bitinput/output (used as a capture input pin, a counter input pin,
and a compare output pin)

8. PortRB ;  4-bitinput/output (also used as the PWM output pin)

9. PortKE ; 1-bit sense input (also used as the HOLD mode request/release
signal input)

All output ports incorporate latches, which store the output data. The input ports do not have latches.
Therefore, data input from an external source should be either stored externally or processed after
several reads.

(1) Port KO (K03 to K00)
KO is a 4-bit input-only port.

Port KO (port address : IPO0 initial value : ***xp) IN/TEST/ TESTP
3 2 1 0 P
| ko3 | ko2 kot | koo | Input data <] ] pin

Figure 3-3. PortKO

(2) R4 (R43to R40), R5 (R53 to R50), R6 (R63 to R60), R7 (R73 to R70) Port
These are 4-bit latched input/output ports. When using as input ports, set the latch to 1. At reset,
the latch is initialized to 1. The 16 pins of these four ports use the L register indirect addressing bit
manipulation instructions [SET @L], [CLR @L], and [TEST @L] to set, clear, or test the bit specified by
the L register. Table 3-2 shows the correspondence between the contents of the L register and pins
(input/output ports).

Example : Clear pin R43 using a bit manipulation instruction in L register indirect addressing mode.
LD L, #0011B ; Setsthe R43 address in the L register.
CLR @L ; R43¢«0
L reg.ister. Pin L reg.ister_ Pin L reg_ister. Pin L reg.ister. Pin

3:2:1:0 3:2:1:0 3:2:1:0 3:2:1:0
0 0 0 O R40 0 1 0 O R50 1 0 0 O R60 1 1 0 O R70
0 0 0 1 R41 0 1 0 1 R51 1 0 0 1 R61 1 1 0 1 R71
0o 0 1 O R42 0o 1 1 0 R52 1 0 1 0 R62 1 1 1 0 R72
0o 0 1 1 R43 0 1T 1 1 R53 1 0 1 1 R63 1 1 1 1 R73

Table 3-2. Correspondence Between L Register Contents and I/O Port Bits
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(a) PortsR4 andR5

Ports R4 and R5 are also used for A/D converter analog input. When using as input ports or for
analog inputs, set the latch to 1. To maintain accuracy during A/D conversion, do not execute

output instructions.
Atreset, the latch is set to 1. Pin R40 (AINO) is selected for analog input.

Port R5 Port R4
(Port address : OP05/IP05 initial : 1111g) (Port address : OP04/1P04 initial : 11113)
3 2 1 0 3 2 1 0
R53 R52 R51 R50 R43 R42 R41 R40
(AIN7) (AING) (AIN5) (AIN4) (AIN3) (AIN2) (AINT) (AINO)

Selects analog input

Analog input
IN/TEST/TESTP
Input data
SET/CLR
Outputdata —>| Latch . |'> D Pin

Figure 3-4 (a). Ports R4 and R5

(b) PortR6

Port R6 is a standard input/output port.

Port R6 (port address : OP06/IP06 initial value : 1111p)
IN/TEST/TESTP
3 2 1 0 | d
[ res | re2 R61 R60 | nput data
SET/CLR

Output data > [ | pin

Figure 3-4 (b). PortR6

4-85-30



TOSHIBA

TMP47E885AF

Port R7 (port address : OP07/1P07

(o)

R7KR — k
Port R7 is used as both a watchdog
timer output pin (WTO) and low-
frequency oscillator connecting pins
(XTIN and XTOUT).
In dual-clock mode, connect the low-
frequency oscillator (typ. 32.768kHz)
to pins R72 (XTIN) and R73 (XTOUT).
In single-clock mode, pins R72 and
R73 can be used as standard 1/0
ports.
When using the watchdog timer,
R71 (WTO) is used as the watchdog
timer output pin. At that time, set
the R71 output latch to 1. When
using R71 as a standard 1/0 port,
disable the watchdog timer. R70is a
standard input/output pin.
initial value : 1111p)

3 2 1 0
R73 R72 R71 R70
(XTOUT) (XTIN) (WTO)

IN/TEST/TESTP

SET/CLR J/I

Input data <—l—<

:]_

N

{>_

Output data || Latch I

—D R70

Input data <—l—<

AN

—|:| R71 (WTO)

Output data || Latch | )-l>—
Watchdog timer
output ’]
<—l—< \J
Input data :]-‘
Output data [ Latch ‘

D R72 (XTIN)
1

Input data 4—‘—<]-‘
| h I ¢

3/ —9/

Output data C

D R73 (XTOUT)

Clock mode

(Setto 1in dual-clock mode.)

Figure 3-4 (c). PortR7
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(3) PortR8(R83 to R80)

. . ) IN/TEST/TESTP
R8 is a 4-bit latched 1/0 port. When using SET/CLR
as an input port, set the latch to 1. At A
Y Control input
reset, the latch isinitialized to 1. ~ P
Port R8 is used as both an external N
. . . Input data
interrupt input pin and asynchronous :]_‘
serial port. When using as an external Output data _>|E ‘ D ] rso
interrupt input pin and asynchronous ] % (INT2)
. . Control input
serial port RX and TX pins, set the latch to ~ L
1. When using as a standard I/O port, N
. . . Input data
disable either external interrupts or the ]"
asynchronous serial ports. Output data _,I Latch . N D R81
— - (RX)
Note: When using pin R82 (INT1) as an I/O Control input ~ »
port, external interrupt 1 is N
generated when a falling edge is Input data :I"
detected at the pin input. If the Output data _,@ , 'l> [] re2
interrupt enable mask flip-flop is (INTT)
enabled, an interrupt request is 1
always received. Therefore, Input data ~
execute dummy interrupt
processing (execute only the Output data > —— ] re3

(1X)

interrupt return instruction [RETI]). ~ Control output
With pin R80 (INT2), external
interrupt 2 is generated in the
same circumstances. However,

. . . Port R8 (port address : OP08/IP08 initial value : 1111p)
simply clear in advance bit 0 (EIRg) P B

” . ; 3 2 1 0
in th_e mterrup.t enable registerto 0 RE3 RE2 vy RE0
to disable the interrupt request. (TX) (INTT) (RX) (INT2)

Figure 3-5. PortR8

(4) PortR9 (R92 to R90)

R9 is a 3-bit latched I/O port. When using as an input port, set the latch to 1. At reset, the latch is
initialized to 1. Port R9 is also used as a synchronous serial port. When using as a synchronous serial
port, set the latch to 1. When using as a standard I/O port, disable the synchronous serial port.

While pin R93 is not provided, executing instructions to set or clear pin R93 ([SET % OP09,3] or [CLR
%O0P09,3]) affects the internal CPU. Therefore, do not use R93 set/clear instructions. However,
input/output instructions other than set/clear instructions can be used. If an input instruction is
executed, undefined values are read at input execution.

Port R9 (port address : OP09/IP09 initial value: 1111p) Control input <II
IN/TEST/ TESTP
N 2 ! 0
R92 R91 R90 Input data ‘ 1
(SCK) (SO) (sh SET/CLR

Output data

Control output

Figure 3-6. PortR9
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(5) Pt?rt RA (R.A3 to RAD) IN/TEST/ TESTP

RA is a 4-bit latched 1/0 port. When

. . SET/CLR
using as an input port, set the latch to 1. c . A
At reset, the latch is initialized to 1. ontrolinput ~
The RA port is also used for the :}
timer/counter. When using as a Input data <—l_<]_|
timer/counter input pin, set the latch to

put p Output data —> Latch . —D RAO

1. When using as a standard /O port,

disable the timer/counter.

Port RA (port address : OPOA/IPOA

initial value : 1111p)

3 2 1 0
RA3 RA2 RA1 RAO
(T2/1C1) (0C1) (T1/1C0) (0C0)

Control output —>

Select signal
(Set to 1 at output compare output)
; !
Control input <
1
<—l—< A
Input data ]—‘
Output data Latch l ¢

— ] rat

(T1/1C0)

Control input

ny

Input data

JARN

Output data —>= Latch

(o1
Control output —>|
Select signal
(Set to 1 at output compare output)
: !
Control input <J
“1
~N
Input data
Output data Latch l RA3
P |_| (T2/1C1)

Figure 3-7. PortRA
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(6) PortRB (RB3to RBO) IN/TEST/TESTP
RB is a 4-bit latched 1/0 port. When SET/CLR
using as an input port, set the latch to 1. control input A
Atreset, the latch is initialized to 1. ~ L
The RB port is also used for the PWM. J
When using as a PWM trigger input pin, [nputdata <—l—<
set the latch to 1. When using as a
Output data Latch —l | RBO (TRGO)
standard I/0O port, disable the PWM. ] {>_
Port RB (port address : OPOB/IPOB initial value : 1111p) :}
3 2 1 0 Input data <—l—<:]—‘
RB3 RB2 RB1 RBO Output data Latch [1— —| | RB1 (PWMO
(PWM1) | (TRG1) | (PWMO) | (TRGO) P [Emaals ( )
Control output
Select signal
(Setto1 a.t PWM output) M
Control input ~
1
(—l—< \l
Input data :]—‘
Output data Latch H—+—— >+—["] RB2(TRG1)
/I
N
Input data A—‘—<]-‘
Output data Latch [— — ] r83 (PwM1)
Control output

Select signal
(Setto 1 at PWM output)

Figure 3-8. PortRB
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(7) PortKE (KEO)
Port KE is a 1-bit sense input port. The port is also used as a HOLD request/release signal input pin

(HOLD pin). Port KE is allocated to the LSB of port address IPOE, and the MSB of port address IP10.
Port KE data are processed as inverted data. For example, if an input instruction is executed when

the pinis at high level, 0 is read.
In dual-clock mode, KEO input is used to monitor the SLOW operation and is therefore not available.

When monitoring the HOLD pin status, use the K103 input instead.
Example: Wait until the KEO pin is at low level.
SWAIT : TEST %IPOE, O ; Wait if KEO pin = High
B SWAIT

Port KE (port address : IPOE initial value : 00**g)

B 2 0
(SIOF) i (SEF) : (SMF) KEO
: : (HOLD)

Port K10 (port address : IP10 initial value : **x*p)

3 2 M, LU
K103
(HOLD)
HOLD control input <II
IN/TEST/TESTP
KEO/HOLD input [ pin
IN

K103/ HOLD input

Figure 3-9. PortKE
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3.2 Interval Timer

An interval timer interrupt function to generate fixed frequency interrupts is built into the system. A
command register (OP19) controls the interval timer interrupts (ITMR).

Interval timer interrupts are generated after the first rising edge of output from the timing generator
after a command is set in the command register. Asthe interval timer is not cleared by the command, the
firstinterrupt may be generated earlier than the specified interrupt cycle.

Interval timer interrupt command register (port address : OP19 initial value : 0000g)

3 2 1 0
TMRE | TMRF |
TMRE I Interrupt enable/disable |

00 : Disable
01 : Enable
1* : Donotuse
TMRF | Interrupt frequency |
00 : fc/2" or /2% [Hz]
01 : fc/2'3 or fs/26
10 : fc/2"5 or fs/28
L 11 : fc/2'7 or 5720
Note1:  +; don’tcare
Note2:  fc; Low-frequency clock [Hz]

fs ; Low-frequency clock [Hz]
Figure 3-10. Interval Timer Interrupt Command Register

Example : Set interval timer interrupt frequency to f¢/215 [Hz].

LD A, #0110B

ouT A, %0P19
TMRF Norma!I 1 Normal 2 operation (TG Step 8 input) SLOW Atfc=4.194304 MHz,

operation SLCK =0 (fc/27) SLCK = 1 (fs) operation fs = 32.768 kHz
o0 Sl fsr2fMhal Donotuse | 2048 [Hz]
SO LU SOOI, A5 N f5125 ] Donotuse | 512
___________ 10 oo B2 o S128 | Domotuse [ 128
11 fc/2'7 fs /210 fs /210 32

Table 3-3. Interrupt Frequency Example
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3.3 Timer/Counter
A channel of a 16-bit timer/counter is built into the system. The data registers used by the timer/counter
(TC, IC1, 1CO, OC1, OCO) are allocated to a RAM address in units of 4 bits. Use RAM manipulation
instructions to set the initial value or read the timer/counter contents. The data memory at the addresses
corresponding to these registers cannot be accessed as RAM and is therefore not available for saving user

data.

3.3.1 Timer/Counter Configuration
Figure 3-11 shows the timer/counter configuration.
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3.3.2 Timer/Counter Functions
The functions of the timer/counters are as follows.
1. Free-running timer
2. Event counter
3. Input capture
4. Output compare

3.3.3 Timer/Counter Control
The timer/counters are controlled by a timer/counter command register (OP1C), input capture command
register (OP1D), output compare 1 command register (OPOE), output compare 0 command register
(OPOD), and input capture/output compare interrupt status register (IP1D).

Timer/counter command register (port address : OP1C initial value : 0000g)

3 2 1 0
1 1
TCEN | CPSEL |
TCEN | Selectstimer/counter operation. | CPSEL Selects count pulse/mode.
1 : Enablestimer/counter. Free-running timer mode
L 0 : Disablestimer/counter. 000 : 2/fc or 2/fs [s]

001 : 4/fc or 4/fs

010 : 8/fc or 8/fs

011 : CountsatT1inputrising edge.
Event counter mode

(100 : CountsatT1 input falling edge.
101 : Countsat T1inputrising edge.

Note : fc,; High-frequency clock [Hz] 110 : When T2 inputislow, counts at T1 input rising edge.
fs ; Low-frequency clock [Hz] 11

: When T2 inputis high, counts at T1 input rising edge.

Figure 3-12. Timer/Counter Command Register

Input capture command register (port address : OP1D initial value : 0000g)

3 2 1 0
1 1
| ICCNT1 | ICCNTO
ICCNT1 Input capture 1 command | ICCNTO Input capture 0 command
00 : Disables capture. 00 : Disables capture.
01 : Rising-edge capture 01 : Rising-edge capture
10 : Falling-edge capture 10 : Falling-edge capture
L 11 : Both-edge capture L 11 : Both-edge capture

Figure 3-13. Input Capture Command Registers
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Output compare 1 command register Output compare 0 command register
(port address : OPOE initial value : 0000g) (port address : OPOD initial value : 0000g)
3 2 1 0 3 2 1 0
T T
| CMP1E | CMP1I OMD1 | | CMPOE | CMPOI OMDO |
CMP1E | Output compare 1 | CMPOE | Output compare 0 |
Enables compare. 1 : Enablescompare.
| 0 : Disables compare. L 0 : Disablescompare.
CMP1I | Output compare 1 interrupt | CMPOI | Output compare 0 interrupt |
1 : Enablesinterrupt. 1 : Enablesinterrupt.
| 0 : Disablesinterrupt. L 0 : Disablesinterrupt.
OMD1 | Selects output mode OMDO | Selects output mode
00 : Nochangeinoutput 00 : Nochangeinoutput
01 : Outputs 1. 01 : Outputs 1.
10 : OutputsO. 10 : OutputsO.
L_ 11 : Invertsoutput. L. 11 : Invertsoutput.

Figure 3-14. Output Compare Command Registers

Input capture/output compare interrupt status register
(port address : IP1D initial value : 0000g)

3 2 1 0
[ 1capi icapo | iempt | icweo
ICAP1 | Input capture 1 interrupt | ICAPO | Input capture 0 interrupt
1 : Interrupt 1 : Interrupt
| 0 : Nointerrupt L 0 : Nointerrupt
ICMP1 Output compare 1 interrupt ICMPO Output compare 0 interrupt
1 : Interrupt 1 : Interrupt
| 0 : Nointerrupt L 0 : Nointerrupt

Figure 3-15. Input Capture/Output Compare Interrupt Status Register

3.3.4 Timer/Counter Write/Read Register (TC)
The timer/counter write/read registers are allocated to RAM addresses in bank 0. Read from and write to
the timer/counter registers are performed using RAM manipulation instructions. The data memory at the
addresses corresponding to these registers cannot be accessed as RAM and is therefore not available for
saving user data.
(1) Write
Writing data to the most significant nibble in the TC (address AFy) transfers 16-bit data to the
timer/counter. Therefore, when writing a value to the TC, always write the most significant nibble
last. Also, before writing, set the TCEN bit of the timer/counter control register to 0 to halt
timer/counter operation.
(2) Read
Reading the least significant nibble of the TC (address ACH) latches the current 16-bit timer/counter
value in the internal data register. Therefore, when reading a value from TC, always read the least
significant nibble first.
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Timer/counter write/read register

4 TCO (bank 0, address ACy initial value : 0000g)
3 2 1 0
[ os ¢ o2 | o1 | o |
TC1 (bank 0, address ADy initial value : 0000g)
3 2 1 0
[ oo ¢ o6 | b5 | pa |
TC < —
TC2 (bank 0, address AE initial value : 0000g)
3 2 1 0
[ oir | b0 | po | s |
TC3 (bank 0, address AFy initial value : 0000g)
3 2 1 0
[ os | bia | b1z | b1z |
~

Figure 3-16. Timer/Counter Write/Read Registers

3.3.5 Input Capture Data Read Registers (IC1, IC0O)
The input capture data read registers are allocated to RAM addresses in bank 0. Use data memory (RAM)
manipulation instructions to operate the registers. Data can only be read from the registers, not written
to them. The data memory at addresses corresponding to the registers cannot be accessed as RAM and is
therefore not available to store user data.

Reading the most significant nibble of IC1 or ICO (IC1: B74 or ICO: B3y) clears the interrupt request of the
relevant channel. Disable the next capture until the most significant nibble of the captured data is read.

Input capture 1 data read registers Input capture 0 data read register
4 1C10 (bank 0, address B4y initial value : 0000g) 4 IC00 (bank 0, address BOy initial value : 0000g)
3 2 1 0 3 2 1 0
[ b3 ¢ o2 ¢ o1 i o | [ b3 ¢ o2 ¢ o1 i o |
1C11 (bank 0, address B5 initial value : 0000g) IC01 (bank 0, address B1y initial value : 0000g)
3 2 1 0 3 2 1 0
[ o7 ¢ o6 i b5 i pbsa | [ o7 ¢ o6 i s i pa |
it < — Ico < "
1C12 (bank 0, address B6 initial value : 0000g) IC02 (bank 0, address B2y, initial value : 0000g)
3 2 1 0 3 2 1 0
[ o1 | b0 | po | b8 | | oir i b0 i po i s |
1C13 (bank 0, address B7y, initial value : 0000g) IC03 (bank 0, address B3y initial value : 0000g)
3 2 1 0 3 2 1 0
[ ois ¢ o4 i o3 i bz | \| pis { b4 | b3 : D12 |

Figure 3-17. Input Capture Data Read Registers
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3.3.6 Output Compare Data Write Registers (OC1, OCO0)
The output compare data write registers are allocated to RAM addresses in bank 0. Use data memory
(RAM) manipulation instructions to operate the registers. Data can be read from or written to the
registers. The data memory at the addresses corresponding to the registers cannot be accessed as RAM
and is therefore not available to store user data. Writing data to the least significant nibble of OC1 or
OCO0 (OC1: BCy, OCO: B8yY) clears the interrupt request of the relevant channel. Writing data to the most
significant nibble of the registers (OC1: BFy, OCO: BB) transfers 16-bit data to the internal data register.

Output compare 1 data write register Output compare 0 data write register
4 0C10 (bank 0, address BCy initial value : 0000g) 4 0OC00 (bank 0, address B8y initial value : 0000g)
3 2 1 0 3 2 1 0
[ b3 ¢ o2 i b1 i oo | [ b3 ¢ o2 i o1 i o |
0OC11 (bank 0, address BDy initial value : 0000g) 0OC01 (bank 0, address B9y initial value : 0000g)
3 2 1 0 3 2 1 0
I D7 { D6 | D5 i D4 I | p7 i D6 i D5 | D4 |
oc1 < oco <
0C12 (bank 0, address BEy initial value : 0000g) 0C02 (bank 0, address BAy initial value : 0000g)
3 2 1 0 3 2 1 0
[ o @ b0 | b0 i b8 | [ on ¢ oo i b9 i s |
0C13 (bank 0, address BFy initial value : 0000g) 0OC03 (bank 0, address BBy initial value : 0000g)
3 2 1 0 3 2 1 0
[ ois © o4 i o1z i bz | [ ois ¢ o4 i o1z i bz |
: : : g : : :

Figure 3-18. Output Compare Data Write Registers

3.3.7 Timer/Counter Operation
The timer/counter counts up at the rising edge of the count pulse. The count operation starts from the
first rising edge of a count pulse after the command is set in the command register. Timer/counter
operations have two modes: free-running timer mode when the internal pulse generated by the timing
generator is used as the count pulse, and event counter mode when the external pin (T1 or T2) input is
used as the count pulse.

3.3.7.1 Free-Running Timer Function
The free-running timer function uses the internal pulse, generated by the timing generator, as a count
pulse. Four clock cycle rates can be selected for the count pulse using the lower two bits of
timer/counter command register CPSEL. To enter free-running timer mode, set CPSEL to 0XXB. When
CPSEL is set to 011B, the timer/counter is counted up at the rising edge of the external input pin T1. In
this case, the maximum frequency that may be applied to T1 is fc/16Hz. Since T1 is sampled at 4/fc[s],
the pulse width of the input signal must be longer than 4/fc[s].
If an overflow is generated in free-running timer mode while the timer is operating (the timer/counter
value shifts from FFFFy to 0000y), an overflow interrupt is generated.
Before writing a value in the timer, set the TCEN bit to 0 to halt the timer/counter. Always write from
the least significant nibble.

3.3.7.2 Event Counter Function
The event counter function uses the input from external pin T1 or T2 as a count pulse. Four count-up
conditions can be selected using the lower two bits of timer/counter command register CPSEL. Figure
3.3.7.2 show the timing charts for these conditions.
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(1) CPSEL=100g: Countsup at T1 falling edge.
External pin T1 input | v | . I v

Timer/counter n X n+1 x n+2 X n+3

(2) CPSEL=101g: Countsup at T1rising edge.

External pin T1 input J | A_I A |
Timer/counter :X n X n+1 X n+2

(3) CPSEL=110g: Countsup atT1risingedgewhenT2=L.

External pin T1 input J | A_I A—I_
External pin T2 input | | I I I_l_

Timer/counter n X n+1 X n+2

(4) CPSEL=111g: Countsup at T1rising edge when T2 =H.

External pin T1input J | A_I A |
External pin T2 input | | | I | |
Timer/counter EX n+1 . X n+2

Figure 3-19. Event Counter Timing Charts

Pins T1 and T2 are also used as pins RA3 and RA1. When using pins T1 and T2 for timer/counter input,
set the RA3 and RA1 output latches to 1. Atreset, the output latch is initialized to 1.

To enter event counter mode, set CPSEL to 1XXB. In this mode, the maximum frequency that may be
applied to the external input pin is fc/16Hz. While the counter is operating, the external input signal
(T1, T2) is sampled at 4/fc[s]. Accordingly, the pulse width of the input signal must be longer than
4/fc[s].

If an overflow is generated in event counter mode (the timer/counter value shifts from FFFF, to 0000y),
an overflow interrupt is generated.

3.3.7.3 Input Capture Function
When the external pin (IC1, IC0) input changes, the input capture function automatically saves the
timer/counter value to the input capture register corresponding to the external pin and generates an
interrupt request. The input capture function also sets to 1, bit ICAP1 or ICAPO of the input
capture/output compare interrupt status register corresponding to the pin that caused generation of
the interrupt request.
IC1 and ICO of the input capture command registers ICCNT1 and ICCNTO independently enable or
disable data capture, or specify the capture on either edge of the external pin input signal.
Pins IC1 and ICO are also used as pins RA3 and RA1. When used for input capture input, set RA3 and
RA1 output latches to 1. At reset, the RA3 and RA1 output latches are initialized to 1.
Since the IC1, 1CO input signal is sampled at 4/fc[s] and the edge of the signal is detected, input a pulse
width longer than 4/fc[s].
Figure 3-20 shows an input capture timing chart.
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Timer/counter

X n+1 X n+2 X n+3 X n+4 X n+5 X n+6 X n+7

IC1 pininput

1CO pininput

IC1 data register

X n+2 X n+7

Figure 3-20. Input Capture Timing Chart
(When ICCNT1 =01B, ICCNTO = 10B)

ICO data register

e

[Input capture function usage example]

(a) Measurement of external input waveform cycle

First, write 10XXB to the timer/counter command register, set the timer/counter to free-running
timer mode, and enable the timer/counter. Next, write 015 or 10g to the ICCNT register for the
channel whose input capture command register cycle is measured, set the input capture timing to
the rising or falling edge, and perform an input capture. At the first generation of an input capture
interrupt, read the contents of the input capture data register using the interrupt service program
and save the contents to RAM. At the second generation of an input capture interrupt (for the same
channel as the first interrupt), read the contents of the input capture data register using the
interrupt service program. The difference between the previously saved input capture data and the
input capture data read at the generation of the second interrupt is multiplied by the clock rate to
become the external waveform cycle input to the applicable channel. Figure 3.3.7.3.a shows the
timing chart.

N
n Xn+1Xn+2Xn+3Xn+4Xn+5Xn+6Xn+7Xn+8X S

Timer/counter

T
IC1 pininput I A
IC1 data register § X n X n+8 S
T={(n+8)-(N)}xCR [T : Cyclels]
CR : Clock rate (selected by CPSEL)

Figure 3-20 (a). External Input Waveform Cycle Measurement Example
(waveform input channel: 1C1,ICCNT1=01B)

(b) External input waveform pulse width measurement

First, write 10XXB to the timer/counter command register, set the timer/counter to free-running
timer mode, and enable the timer/counter. Next, write 115 to the ICCNT register for the channel
whose input capture command register cycle is measured, set the input capture timing to both
edges, and perform an input capture. At the first generation of an input capture interrupt, read the
contents of the input capture data register using the interrupt service program and save the contents
to RAM. At the second generation of an input capture interrupt (for the same channel as the first
interrupt), read the contents of the input capture data register using the interrupt service program.
The difference between the previously saved input capture data and the input capture data read at
the generation of the second interrupt is multiplied by the clock rate to become the pulse width of
the external waveform input to the applicable channel. Figure 3-20 (b) shows the timing chart.
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{
Xn+1Xn+2Xn+3Xn+4Xn+5Xn+6Xn+7Xn+8X S

Timer/counter n

T
IC1 pininput
IC1 data register  { X n X n+4
)
T={(n+4)-(nN)}x CR[ T 1 Pulse width [s]
CR : Clockrate (selected by CPSEL)

Figure 3-20 (b). External Input Waveform Pulse Width Measurement Example
(waveform input channel: 1C1)

3.3.7.4 Output Compare Function
The output compare function changes the output of pin OC1 or OCO for the data register when the
value of the output compare data register matches that of the timer/counter. If bit CMP1l of the
output compare command 1 register or bit CMP0I of the output compare command 0 register is set to
1, an interrupt request is generated and the bit corresponding to the input capture/output compare
interrupt status register interrupt source (ICMP1 and ICMPO) is set to 1. Two output compare registers
are provided. Both can be set independently. Output mode of pins OC1 and OCO are selected by
command registers OMD1 and OMDO0. Command registers CMP1E and CMPOE independently enable or
disable the output compare.
Pins OC1 and OCO are also used as RA2 and RAQ.
Figure 3-21 shows the timing chart for the output compare.

Timer/counter ?X n X n+1 X n+2 X n+3 X n+4 X n+5 X n+6 X n+7
{
)
{

OC1 data register n+1

X X

n+3

OCO data register

OC1 pin

Figure 3-21. Output Compare Timing Chart
(When OMD1 = 11g, OMDO =01g)

0OCO pin

[Output compare function usage example]

(a) Timed output
First, write 10XXg to the timer/counter command register, set the timer/counter to free-running
timer mode, and enable the timer/counter. Next, write 0X01g or 0X10g or 0X11g to the output
compare command register for the channel used for timed output and set to output mode. If the
value of X at this time is 1, an internal interrupt is generated at output compare output. Also, set the
desired output time in the output compare data register of the applicable channel. When setting,
write the data from the least significant nibble. When the data are written, set the CMPE bit of the
output compare command register of the applicable channel to 1 and begin the output compare. If
the output time written in the output compare data register matches the timer/counter value, the
waveform is output in the set output mode from the output compare output pin for the applicable
channel to the output compare command register. If bit CMP1 of the output compare command
register for the applicable channel is 1, an internal interrupt is generated.
Figure 3-21 (a) shows the timing chart.
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Timer/counter 21004 X 21014 X 21024 X 21035 X 21044 X 21054 X 21064 X 21074
OC1 data register N 2105y )
S
OC1 pin
)

(If CMP11 =1, an internal interrupt is generated.)

Figure 3-21 (a). Timed Output Usage Example (output compare channel: OC1, output mode: Outputs 1.)

(b) Time-specified interrupt

First, write 10XXg to the timer/counter command register, set the timer/counter to free-running
timer mode, and enable the timer/counter. Next, write 01005 to the output compare command
register for the channel (**performing the timed-specified interrupt, enable an output compare
interrupt, and set the output mode to no output change. Also, set the desired interrupt time in the
output compare data register of the applicable channel. When setting, write the data from the least
significant nibble. When the data are written, set the CMPE bit of the output compare command
register of the applicable channel to 1 and begin the output compare. If the interrupt time written
in the output compare data register matches the timer/counter value, an internal interrupt is
generated for the applicable channel. (The value output from the output compare output pin does
not change.)

Figure 3-21 (b) shows the timing chart.

OC1 data register 2105y

Timer/counter §:><2100H X 21014 X 21024 X 21034 X 21044 X 21054 X 21064 X 21074
? :

A

OC1 pin

) T )

(The value output from the output compare output pin does not change.)

Figure 3-21 (b). Time-Specified Interrupt Usage Example (output compare channel: OC1)

(c) Eventcountinterrupt

First, write 11XXg to the timer/counter command register, set the timer/counter to event counter
mode, and enable the timer/counter. Next, write 0100 to the output compare command register
for the channel performing the event count interrupt, enable an output compare interrupt, and set
the output mode to no output change. Also, set the desired interrupt event count in the output
compare data register of the applicable channel. When setting, write the data from the least
significant nibble. When the data are written, set the CMPE bit of the output compare command
register of the applicable channel to 1 and begin the output compare. If the interrupt event count
written in the output compare data register matches the event count, an internal interrupt is
generated for the applicable channel. (The value output from the output compare output pin does
not change.)

Figure 3-21 (c) shows the timing chart.
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Pin T1 A1 A1 A A |
Timer/counter 0000y X 0001y X 0002y X 0003y - 0004y
OC1 data register 00044

|
%
)
<
%

eSS W N N e

OC1 pin

(The value output from the output compare output pin does not change.)

Figure 3-21(c). Event CountInterrupt Usage Example (output compare channel: OC1)
(Eventinput pin: T1 (counts at the rising edge of input waveform
(CPSEL =101g))

3.3.7.5 Timer/Counter Interrupts

Timer/counter interrupts have a total of five interrupt sources: a timer counter overflow interrupt
source, two input capture interrupt sources (IC1 and IC0), and two output compare interrupt sources
(OC1 and OCO0). However, there are only two types of interrupt requests: timer/counter overflow
(IOVF) requests and timer/counter interrupt (ITC) requests. The ITC request is ORed by any of four
interrupt sources excluding the timer/counter overflow interrupt source. Therefore, when an ITC
request is generated, the input capture/output compare interrupt status register must be read during
the interrupt processing routine to determine the type of ITC interrupt source. Also, be sure to clear
the corresponding interrupt request during the interrupt processing routine. The interrupt request is
repeated until the interrupt request is cleared.

(1) Timer/counter overflow interrupt (IOVF)
When the timer/counter overflows (the count changes from FFFFy to 0000y), an IOVF interrupt is
generated. In interrupt enabled state, if the overflow interrupt is accepted immediately after
generation, the IOVF is processed in the sequence shown in Figure 3-22 If count is requested, the
count continues after generation of the overflow.

Instruction [ [ [ [ [ [ [ [
cycle
Count pulse I|IIII||||||||||||||||||||||||
Overflow detection ”\
IOVF interrupt | I T

) >|<—————-><—————->| |<————— | [<€--=----- -
generation )

Instruction executed Instruction Interrupt Instruction executed

executed request received

Figure 3-22. Timer/Counter Overflow Interrupt Timing Chart

(2) Inputcapture interrupt (ICAP1, ICAPQ)
If the timer/counter value is saved to the input capture data register during the input capture, an
input capture interrupt request (ICAP1, ICAPQ) is generated and the corresponding bit of the
interrupt status register is set to 1.
Reading the most significant nibble of the input capture data register (IC1: B7y, 1C0: B3p) clears
input capture interrupt requests. Figure 3-23 shows the timing chart for clearing input capture
interrupt requests.
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IC1 interrupt request (ICAP1) I
ICO interrupt request (ICAPO) I

IC1 data register read signal
(most significant nibble)

|

-

I

I

I

I

1
ICO data register read signal n
(most significant nibble)

Figure 3-23. Input Capture Interrupt Request Clear Timing Chart

(3) Output compare interrupt (ICMP1, ICMPQ)
If CMP1l =1 or CMPOI =1, and the timer/counter value and output compare data register value match
during an output compare, an output compare interrupt request (ICMP1 or ICMPO) is generated and
the corresponding bit in the interrupt status register is set to 1.
Writing to the least significant nibble of the output compare data register clears output compare
interrupt requests. Figure 3-24 shows a timing chart for clearing output compare interrupt requests.

OC1 interrupt request (ICMP1) I I—

OCO interrupt request (ICMPO0) I

OC1 data register write signal n
(least significant nibble)

OCO data register write signal I—L
(least significant nibble)

Figure 3-24. Output Compare Interrupt Request Clear Timing Chart

[Notes when processing timer/counter interrupts]

The timer/counter has multiple interrupt sources. However, only one interrupt request signal (ITC) is
provided. Accordingly, when multiple interrupts are generated simultaneously or, before interrupt
processing begins, a dummy interrupt may be generated after the termination of interrupt processing.
Make sure that if a dummy interrupt is generated, the program is not affected. The following
describes the case of no dummy interrupt generation and the case of dummy interrupt generation.

(@) Nodummy interrupt

The interrupt processing routine checks the interrupt sources and begins processing one of the
multiple interrupts. The routine completes the processing using the RETI instruction without
processing the other interrupts. Where each interrupt is sequentially processed, dummy interrupts
do not occur.

The interrupt request is maintained until all the interrupts are processed. In the case of multiple
interrupts, after processing is completed for one interrupt, reception is again enabled and the next
interrupt is processed. The number of interrupts generated equals the number of interrupt sources.
Processing is repeated until all the interrupts are processed.

(b) Dummy interrupt
The interrupt processing routine checks for interrupt sources and processes all interrupts. When the
routine completes interrupt processing and the RETI instruction is executed, a dummy interrupt is
generated.
The dummy interrupt is acknowledged by the interrupt processing routine when it checks to see if
there are any interrupt sources and detects none. Then the interrupt processing routine processes
the dummy interrupt. Interrupt processing completes after executing the RETI instruction again.
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3.4 Watchdog Timer
The internal watchdog timer function aims to swiftly detect CPU malfunction (runaway) due, for
example, to noise, and aims to return operation to normal. The runaway detect signal is output to pin
R71 (WTO) as watchdog timer output. When using the watchdog timer, set the R71 output latch to 1.
Resetting sets the R71 output latch to 1 and disables the watchdog timer.
Connecting the WTO pin to the RESET pin triggers a reset on detection of a runaway CPU.

3.4.1 Watchdog Timer Configuration
The internal watchdog timer function aims to swiftly detect CPU malfunction (runaway) due, for
example, to noise, and aims to return operation to normal. The runaway detect signal is output to pin
R71 (WTO) as watchdog timer output. When using the watchdog timer, set the R71 output latch to 1.
Resetting sets the R71 output latch to 1 and disables the watchdog timer.
Figure 3-25 shows the configuration of the watchdog timer

Binary counter CPU Reset (EXternaelxcail;Tc]L;)ilte)
112(3|4|5(|6|7]|8]9]10 ‘ i
F/F R71 (WTO) Runaway
detect signal

J R
Control circuit

Clear request

fc/72"° [Hz]

or :
OP15 OP0O7 : .
fs/28 [Hz] : Simple
V\{TO com manld : WTO : (R7 output latch) : power-on

N Lo ——do :
3 2 1 0 3.2 1 0 reset

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

Figure 3-25. Watchdog Timer configuration

3.4.2 Watchdog Timer Control
The watchdog timer is controlled by command register OP15. At reset, the command register is
initialized to 1000g.
Use the watchdog timer for detecting CPU runaway as follows:

1. Setthe watchdog timer detect time and clear the binary counter.

2. Enable the watchdog timer.

3. Then, clear the binary counter within the set watchdog timer detect time. If the CPU runs
away for some reason but the binary counter is not cleared, the flip-flop is cleared to 0 at
the rising edge of the binary counter. This activates the runaway detect signal. At thistime,
if the R71 output latch is 1, the WTO output is low level.
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Example

Within WDT detect time <

Within WDT detect time <

Watchdog timer command register (portaddress : OP15

initial value : 1000)

3 2 1 0
T
RWT EWT TWT
_RWT 1 Clears binary counter.
0 : Clears binary counter.
| (After clearing, automatically setto 1.)
_EWT : Enables or disables watchdog timer.
0 : Disableswatchdog timer.
1 : Enableswatchdog timer.
TWT : Sets watchdog timer detect time.
00 : 3x2"/fc or 3x28/fs [s]
01 : 15x2"5/fc or 15x28/fs
10 : 63x2"/fc or 63x2%/fs
|11 : 511x2"5/fc or 511x28/fs

Figure 3-26. Watchdog Timer Command Register

Enable the watchdog timer detect time for 63 x 215/ fc[s] .
LD A, #0010B
ouT A, %OP15
LD A, #0110B
_out A, %OP15
Llj A, #0110B
LOUT A, %OP15
LD A, #0110B
L OUT A, %OP15

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

Note: Before enabling the watchdog timer, always clear the binary counter. Before switching the
system clock, first disable the watchdog timer during the warming-up time, from slow mode to

normal 2 mode.

TWT Normafl 1 Normal 2 operation (TG step 8 input) SLOW Atfc = 4.194304 MHz,
operation SLCK =0 (fc/27) SLCK =1 (fs) operation fs = 32.768 kHz
00 320 IS 362 I BAms
AL 15%2%%7f¢ 15%2% 0% i N7 .
....... o fo8x2%fe 83X e
11 511x2"5/fc 511x28 /s 3992

Table 3-4. Watchdog Timer Detect Time
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3.5 A/D Converter
TMPA47E885AF incorporates an 8-bit successive approximation type A/D converter with an 8-channel
analog input multiplexer and a sample and hold circuit.

3.5.1 Configuration of A/D Converter
Figure 3-27 shows the configuration of the A/D converter.

VAREF D Ladder resistor
VASS D tap decoder

Compare voltage

1

1

1

d Analog input Sample Compa >

! ) —> and hold rator . . . L.
1 multiplexer circuit Successive approximation circuit
i

}

| When LR =1, reads
AIN7

upper four bits.
PN Control circuit When LRy =0, reads

lower four bits.

| op12 Y P13 IP12
(A/D command)] ADS | Select?analog ilnput. | (A/D status) | EOCF | | IA/ chonvlersiorlw valule reglisterI
3 5 - 5 gy 5 5 1 5

Figure 3-27. Configuration of A/D Converter

3.5.2 A/D Converter Control
The A/D converter is controlled by a command register (OP12), conversion value register (IP12), and status
register (IP13).

(1) A/D conversion start register (ADS) and analog input selection register (SAIN)
The lower three bits are used to select the analog input channel (AINO - AIN7) for A/D conversion.
Setting the most significant bit of ADS to 1 starts A/D conversion. When A/D conversion starts, ADS is
automatically cleared to 0. Setting ADS to 1 during A/D conversion immediately starts a new A/D
conversion. During A/D conversion, the sample and hold circuit is used to hold the analog input
voltage.

A/D conversion start register and analog input selection register
(port address : OP12 initial value : 0000g)

3 2 1 0
[ aps | SAIN |
ADS | Starts A/D conversion. SAIN | Selects analog input channel.
1 : Starts A/D conversion. 000 : R40(AINO)
(After start, automatically cleared t0 0.) 001 : R41(AINT1)

010 : R42(AIN2)
011 : R43(AIN3)
100 : R50(AIN4)
101 : R51(AIN5)
110 : R52(AING)
111 : R53(AIN7)

Figure 3-28. A/D Conversion Start Register and Analog Input Selection Register
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(2) End of A/D conversion flag
The end of conversion flag (EOCF) is a 1-bit flag to indicate the completion of A/D conversion. At the
end of conversion, the flag is set to 1. The EOCF flag is cleared to 0 when the upper four bits and
lower four bits of conversion data is read, or when A/D conversion is started.

A/D converter status register (port address : IP13 initial value:0011p)

3 2 1 0

EOCF | End of A/D conversion flag

0 : A/Dconversion in progress or before A/D conversion
1 : A/D conversion completed

Figure 3-29. A/D Status Register

(3) A/D conversion value register
This register contains A/D-converted 8-bit values. The 8-bit A/D converted values are split into the
upper four bits and the lower four bits, and read using LRO (bit 0 of L register).

A/D conversion value register (port address: IP12 initial value : 0000g)

3 2 1 0
I D3 | D2 | D1 | DO I
[ o7 [ o5 [ o [ o¢ |
D7~D0 | Reads A/D conversion value.|

When LRy =0 : reads lower four bits.
When LRy =1 : reads upper four bits.

Figure 3-30. A/D Conversion Value Register

3.5.3 A/D Converter Operation
The high analog reference voltage is applied to the VAREF pin; the low analog reference voltage, to the
VASS pin. The A/D converter uses resistors to configure a resistor ladder network which distributes the
VAREF-VASS reference voltage to the corresponding bits, then compares the result with the analog input
voltage.

(1) Starting A/D conversion

Before A/D conversion is started, select one of AINO to AIN7 using the A/D conversion start register
and the lower three bits of the analog input selection register. Set the output latch of the analog
input pin used for A/D conversion to 1 so that it becomes high impedance. Although the pins not
used as analog input pins are normally available as I/O pins; however, during conversion, do not issue
output instructions to any of these pins. Setting the A/D conversion start register and the analog
input selection register (ADS) to 1 starts A/D conversion. When the conversion is complete in 26
instruction cycles, the EOCF indicating A/D conversion completion is set to 1.

The analog input voltage is sampled in two instruction cycles after A/D conversion starts.

Note: As the sample and hold circuit incorporates a 12pF capacitor via a 5kQ resistor (typ.), the

capacitor must be charged within two instruction cycles.
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(2) Reading A/D converted value

The (8-bit) converted values stored in the
A/D conversion value register are split by LRg
(L register bit 0) into their upper four bits
and lower four bits to be read. When
LRy =0, the lower four bits can be read.
When LRg=1, the upper four bits can be
read. On conversion, the converted values
are stored sequentially. The values are read
after confirmation of conversion completion
(EOCF=1). The converted values can be
saved to RAM by the [IN %p,@HL]
instruction. If reading is attempted during
A/D conversion, values are undefined.

(3) HOLD during A/D conversion

Upon entering a HOLD during A/D
conversion, conversion is stopped and the
converted value is undefined. After
returning from a HOLD, the EOCF remains
cleared to 0. However, upon entering a
HOLD after A/D conversion (after the EOCF is
set), the A/D converted value and the EOCF
state are maintained.

Example :

input pin, perform A/D conversion, check
the EOCF, and save the upper and lower
four bits of converted data to RAM
addresses 10y and 114 respectively.

SLOOP :

After selecting pin AIN4 as an analog

;AIN  SELECT
;A/D START

LD A, #0CH
OUT A, %O0P12

; EOCF=1?

IN %IP13, A
TEST A3

B SLOOP

; DATAREAD

LD HL, #10H

IN %I1P12, @HL
INC L

IN %IP12, @HL
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3.6 12-Bit Pulse Width Modulation (PWM) Output
The TMP47E885AF incorporates two channels with 12-bit pulse width modulation (PWM) output. A
prescaler and duty write register are allocated to RAM addresses in units of 4 bits. Values are set using
RAM manipulation instructions. However, memory at addresses corresponding to the prescaler and duty
write register (PS1, PSO, PD1, PDO) cannot be accessed as RAM and is therefore not available to user
variable data. The PWM is also used as the RB port. When used as the PWM trigger input pin, set the RB
port output latch to 1.

3.6.1 Configuration of PWM Output
Figure 3-31 shows the configuration of PWM output.

PWMO duty write register (PDO)
A

'd N\
OP17 OP18 AGH (RAM) A5, (RAM) Ady (RAM)
PWM command 1 PWM command 2 | PDOH | PDOM I PDOL

iL lL | {} 12- bltdie%er o {}
| 4L

FIF
12-bit comparator(ch0) |—> —>D

PWMO

| 12-bit counter (ch0) |

Control circuit

| 12-bit counter (ch1) |

< FIF
12-bit comparator (ch1) |—> —>D

ﬁ F. PWM1
| 12-bit duty register (ch1) |
(RAM) ABH (RAM) | (RAM) | (RAM) | (RAM)

? I1 . PD1H . . PD1M . . PD1L .
TRGO TRG1 3 2 1 0 3 2 1 0 3 2 1 0 3 2 1 0 3 2 1 0
N J
'

PWM1 duty write register (PD1)

Figure 3-31. Configuration of PWM Output

3.6.2 PWM Control
The PWM output is controlled by PWM command register 1 (OP17), PWM command register 2 (OP18),
the PWM1 prescaler register (at ABy in RAM bank 0), the PWMO prescaler register (at A7y in RAM bank
0), the PWM1 duty write register (at A8y, A9y, and AAy in RAM bank 0), and the PWMO0 duty write
register (at Ady, A54, and A6y in RAM bank 0).

PWM command register 1 (port address : OP17 initial value : 00115)

3 CE LIS R
[ pwmie | pwmoe |

PWM1E | Channel 1enable |
1 : Channel 1 output enable
0 : Channel 1 output disable

PWMOE | Channel 0 enable |
1 : Channel 0 output enable
0 : Channel 0 output disable

Figure 3-32. PWM Command Register 1
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PWM command register 2 (port address : OP18 initial value : 0000g)

3 2 1 0
sci | port | sco | poro |
S/C1 | Channel 1 output mode|(Note 1) S/CO | Channel 0 output mode kNote 1)
1 : Single-shot output by trigger 1 input 1 : Single-shot output by trigger 0 input
0 : Continuous output L 0 : Continuous output
POL1 | Selects channel 1 output polarity. | POLO | Selects channel 0 output polarity. |
1 : Outputs negative pulse. 1 : Outputs negative pulse.
L 0 : Outputs positive pulse. L 0 : Outputs positive pulse.

Note 1: Before setting channel output mode, disable channel output.
Note2: When the most significant nibble in the PWM duty register of each channel is set, the bits used to
select the channel output polarity are internally latched.

Figure 3-33. PWM Command Register 2

PWM1 prescaler register (PS1) PWMO prescaler register (PS0)
(address ABy of bank 0, initial value: 0000g) (address A7, of bank 0, initial value: 0000g)
3 2 1 0 3 2 1 0
1 1 1 1 1 1
| PS1 | PSO |
PS1 | Selects channel 1 output cycle. | PSO | Selects channel 0 output cycle. |
0000 : 2/fcx 4096 =8192/fc [s] 0000 : 2/fcx 4096 =8192/fc [s]
0001 : 4/fcx4096=16384/fc 0001 : 4/fcx4096=16384/fc
0Q1 0 : 6/fcx4096= 245_76/fc 0Q1 0 : 6/fcx4096= 245_76/fc
L1111 - 32/fc x 4096 = 131072/fc : 1111 : 32/fcx 4096 = 131072/fc

Note : fc: High-frequency clock [Hz]

Figure 3-34. PWM Prescaler Register

The PWM prescaler register is a write-only register allocated to an address in bank 0 in data memory
(RAM) and accessible using data memory (RAM) manipulation instructions. Data memory at addresses
corresponding to the register cannot be accessed as RAM and is therefore not available to user variable
data.

Because the PWM supports independent counters for channel 1 and channel 0, PWM output cycle can be
set independently for each channel. The prescaler selects the output frequency. The prescaler can be set
to 0000g - 1111g. Sixteen cycles are supported. The fundamental clock cycle of the internal 12-bit
counter for PWM output is obtained by dividing 2/fc[s] by the prescaler register value. Multiplying the
fundamental clock cycle 4096 times (8192/fc [sec] min.) produces the PWM output cycle. The following
equation shows the derivation of the PWM output cycle based on the prescaler set value.

PWM output cycle (Tc) = (prescaler set value + 1) x (2/fc) x 4096 [s]
Note : fc,; High-frequency clock [Hz]

4-85-55



TOSHIBA TMP47E885AF

PWM1 duty value write register PWMO duty value write register
/PD1 L (address A8y of bank 0, initial value: 0000g) (PDOL (address A4y of bank 0, initial value: 0000g)
3 2 1 0 3 2 1 0
[ b3 ¢ o2 | o1 i o | [ b3 ¢ o2 ¢ o1 i o |
PD1M (address A9y of bank 0, initial value: 0000g) PDOM (address A5y of bank 0, initial value: 0000g)
PD1 < 3 2 1 0 PDO < 3 2 ! 0
| D7 D6 D5 D4 I D7 D6 D5 D4 I
PD1H (address AA of bank 0, initial value: 0000g) PDOH (address A6y of bank 0, initial value: 0000g)
3 2 1 0 3 2 1 0
[ on ¢ oo i b9 i s | [ on @ b0 i b0 i b8 |
- g

Figure 3-35. Duty Write Registers

The PWM duty write register is a write-only register allocated to an address in bank 0 in data memory
(RAM) and accessible with data memory (RAM) manipulation instructions. Data memory at addresses
corresponding to the register cannot be accessed as RAM and is therefore not available to user variable
data. When data are written to the most significant nibble of the PWM duty write register (PD1H:
AAH, PDOH: A6p), duty write register values are transferred to the internal 12-bit duty register.

3.6.3 PWM Output Waveform
In the following description, an asterisk () indicates the channel (ch0O or ch1).
The following three parameters determine the PWM output waveform.
(a) Cycle(To)
Set by the PWM=* prescaler register (PS*).

(b) Polarity
Set by the POL* bit of PWM command register 2.

() Duty (Td)
Set by the PWM=* duty write register (PD+).

Figure 3-36 shows the correspondence between parameters and PWM output waveform.

<Polarity : positive>

Td

<Polarity : negative>

Td

Tc T

Figure 3-36. PWM Output Waveform
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3.6.4 Output Mode
In the following description, an asterisk () indicates the channel (ch0 or ch1).
There are the following two output modes for 12-bit PWM output.

(1) Continuous output mode
(2) Triggerinputsingle-shot output mode

Set the mode with the S/C+ bit of PWM command register 2. Before setting the mode, first disable the
PWM output.

3.6.4.1 Continuous Output Mode
Continuous output mode is used to output the waveform continuously while the PWM output is
enabled. Setting the S/C+ bit of PWM command register 2 to 0 enters this mode. In continuous output
mode, the output waveform is determined by the three parameters in 3.6.3, PWM Output Waveform.
In this mode, the TRG=* pin can be used as a standard I/O port.
Figure 3.6.4.1 shows an example of an output waveform in continuous output mode.

PWM=* pin
_Note __| (© © (©)
(@) (@) () () (@)
PWM= channel enabled PWM= channel disabled
(Set PWM command register 1 bit PWM=*E to 1.) (Set PWM command register 1 bit PWM+E t0 0.)

(a) Cycle
Setting parameters (b) Polarity: positive pulse
(c) Duty : 50%
Note : For one output cycle directly after continuous output mode is enabled, the set duty and polarity are not valid. The
duty and polarity become effective from the next output cycle.

Figure 3-37. Output Waveform in Continuous Output Mode

3.6.4.2 Trigger Input Single-Shot Output Mode

While PWM output is enabled, trigger input single-shot output mode is used to output from the PWM
trigger input pin (TRG*) a single-shot waveform in sync with the input signal. Setting the PWM
command register 2 S/C+ bit to 1 enters this mode. In trigger input single-shot output mode, the
output waveform is determined by the three parameters in 3.6.3, PWM Output Waveform. A single-
shot waveform is output for one cycle (prescaler register set value + 1) x 2/fc [s]) of the PWM 12-bit
counter clock determined by the PWM+ prescaler from the rising-edge timing of the PWM trigger
input signal. The trigger input signal cannot be received for one PWM output cycle after the single-
shot waveform output starts. Therefore, the cycle of the trigger input signal must be longer than the
cycle of the PWM output. As the PWM trigger input signal is internally sampled at a rate of 4/fc, the
trigger input signal pulse width must be greater than 4/fc.

The following shows the correspondence between the PWM trigger input pin (TRG*) and the PWM
output pin (PWM=).

*PWM trigger input pins PWM output pin
TRGO (RBO) PWMO (RB1) The pin name when PWM output is
isabled i | i h .
TRG1 (RB2) PWM1 (RB3) disabled is enclosed in parentheses ()

*  PWM trigger input pins (TRGO, TRG1) are used for trigger inputs. Therefore, before trigger input,
set the outputlatch to 1.

Figure 3-38 shows an example of the output waveform in trigger input single-shot output mode.
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<(b) Polarity : positive>

PWMO pi
0pin © © ©
A (D> (@ (i< (@ | (> e @ A
P e P P
TRGO pin (input) (2)—=>] = @) (2)— @) e (2)— <—(3) @) -l
PWMO channel enabled PWMO channel disabled
(Set PWM command register 1 bit PWIMOE to 1.) (Set PWM command register 1 bit PWMOE to 0.)
<(b) Polarity : negative >
M= @ M= @ | ()i @
L e——; P e——— roE
TRG1 pin (input) (2)—=> = (3) (2)— 3) < (@ BEE J HE) -l
PWM1 channel enabled PWM1 channel disabled
(Set PWM command register 1 bit PWM1E to 1.) (Set PWM command register 1 bit PWM1E to 0.)

(a) Cycle
Setting parameters (b) Polarity: positive pulse
(c) Duty : 50%

(1) From the rising timing of the trigger input signal until the start of the single-shot waveform output
. 0- (prescaler register setvalue + 1) x (2/fc) [s]

(2) Triggerinputsignal pulse width : >> fc/4 [s]
(3) Trigger inputsignal cycle 1 >> setting parameter (a) cycle

Figure 3-38. Output Waveform in Trigger Input Single-Shot Output Mode

3.6.5 Changes in PWM Output Cycle
In the following description, an asterisk (*) indicates the channel (ch0 or ch1).
The PWM output cycle is determined by the PWM= prescaler register and is valid immediately after
writing to the register. Accordingly, changing the PWM=* prescaler register setting during the PWM
output cycle alters the 12-bit counter count clock. The current cycle and duty become undefined. From
the next cycle, the waveform is output in different cycle according to the altered PWM* prescaler
register setting.
Figure 3-39 shows the waveform when the PWM?=* prescaler register is altered during the output cycle.
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(Duty undefined)

PWM=* pin

A

8192/fc [s] i (Undefined) 16384/fc [s]
I

PWM= prescaler register
PS* « “1h”

Setting parameters ..... Cycle : 8192/fc [s] - 16384/fc [s]
(PWM= prescaler register value : “0h” — “1h")
Polarity: positive pulse
Duty : 50%

Figure 3-39. Changes in PWM Output Cycle

3.6.6 PWM Duty Change
In the following description, an asterisk (*) indicates the channel (ch0 or ch1).
The duty of the PWM output waveform is set using the PWM* duty write register.
The value set in the PWM* duty write register is transferred to the internal 12-bit counter when the
most significant nibble (PD*H) of the PWM* duty write register is written. Accordingly, when
changing the duty, write to the PWM* duty write register in the following order:

1. Leastsignificant nibble (PD*L)
2. Middle nibble (PD*M)
3. Mostsignificant nibble (PD*H)

Writing data to the PWM* duty write register in the above order transfers the set value to the internal
12-bit counter at the execution of step 3 above. The waveform in which the changed duty becomes
valid is output in the output cycle following the cycle where the set value is transferred. Figure 3-40
shows the waveform when the PWM duty is changed.

PWM=* pin ‘

A A A

Duty changed Duty changed Duty unchanged

i Executes: : Executes: :  Executes:
1. PD*L write 1. PD*L write 1. PD*L write
2. PD*M write 2. PD*M write 2. PD*M write
3. PD*H write 3. PD*H write

Figure 3-40. PWM Duty Change

4-85-59



TOSHIBA TMP47E885AF

3.6.7 PWM Output Polarity Change

In the following description, an asterisk () indicates the channel (ch0 or ch1).

The POL* bit setting is not internally latched at the time of writing to PWM command register 2. The
POL* bit setting is internally latched when the most significant nibble (PD+H register) of the PWM =
duty register is written. The internally latched POL* bit data are valid from the cycle following the
PD+H register write cycle. That is, the POL* setting change becomes valid in the waveform output
from the cycle following the PD*H register write cycle. Accordingly, change the PWM output polarity
in the following order.

1. Change POL* bit.
2. Write to PD*H register.

The polarity change becomes valid from the cycle following that when the POL+* bit was changed and
the PD*H register was written. Figure 3-41 shows the waveform when the PWM output polarity is
changed.

PWM pin ‘

+4\ $

o : 1 |
| | : |
POL* «“1" PD*H write : POL* « “0"

Output polarity change becomes valid.
Figure 3-41. Output Polarity Change

3.6.8 Timing of PWM Output Waveform Duty and Polarity Changes

The PWM=* duty register is used to set the duty of the PWM output waveform. The POL* bit of PWM
command register 2 sets the polarity. After the register settings are written to PD+H, the settings are
saved internally. The timing for the PWM output waveform becomes valid from the next PWM output
cycle after data are written to the PD+H register.

If data are written to the PD«H register several times during a single PWM output cycle, the last duty
settings in one duty cycle become valid at the next PWM output cycle. The polarity set before the last
write to the PD+*H register in one cycle become effective at the next PWM output cycle. Therefore, if
data are not written to the PD*H register after setting POL*, the polarity is not switched at the next
output cycle.

% Changing polarity but not duty
To change only the polarity without changing the duty during PWM output, set the polarity in the

POL+ bit of PWM command register 2, then write the previous setting to the most significant nibble
(PD#H) of the PWM* duty register.
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3.6.9 PWM Pin
In the following description, an asterisk (*) indicates the channel (ch0 or ch1).
In PWM output mode, the RB pin has the following functions.

PWM enable/disable RB3 RB2 RB1 RBO
output pin CH1 CH2 (PWM1) (TRG1) (PWMO) (TRGO)
x X RB3 RB2 RB1 RBO
Continuous X O RB3 RB2 PWMO RBO
O x PWM1 RB2 RB1 RBO
@) O PWM1 RB2 PWMO RBO
X x RB3 RB2 RB1 RBO
Single-shot X O RB3 RB2 PWMO RBO
@) x PWM1 TRG1 RB1 TRGO
©) O PWM 1 TRG1 PWMO TRGO
QO - enable
x -+ disable
RB* 1 Can be used as a standard 1/0 pin.

PWM= : PWM output pin
TRG* : PWM triggerinput pin
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3.7 Serial Interface
TMPA47E885AF incorporates two types of serial interfaces.
1. Synchronous serial interface (SIO)
2. Asynchronous serial interface (UART)

3.7.1 Synchronous Serial Interface (SIO)
This 8-bit buffered synchronous serial interface is built into the processor and is connected to external
circuits through the R92 (SCK), R91 (SO), and R90 (SI) pins. The interface shares port R9. When used as a
serial port, set the port R9 output latch to 1. In transmit mode, pin R90 can be used as a standard 1/0 port.
In 4-bit receive mode, R91 can be used as a standard 1/0 port.

3.7.1.1 Configuration of Serial Interface
Figure 3-42 shows the configuration of the synchronous serial interface.

2nd agcess 1st access
OP1E OP1F When transmitting : OPOF

| Command (eu|stqr1 | I Corqmandlremstqrz When receiving : IPOF

IPOE ! ,  Databuffey | . |
|_|_| ................ 7 6 5 4 2 1 0
SIOF S ...............

3

Shift reglster | >| Shiftregister
3

3 2 1 2 1 0

(In 8-bit mode) (In 4-bit mode)
IP1B OP1B

Juggat

SCK
interruptrequest " or] froe] Serial dodk L
3 2 1 0 3 2 1 0
buffer empty)
(Serial interface  (UART command register 2)
interrupt status)

Figure 3-42. Configuration of Synchronous Serial Interface

3.7.1.2 Serial Interface Control
The serial interfaces are controlled by SIO command register 1 (OP1E), SIO command register 2 (OP1F),
the status register (IPOE), the interrupt status register (IP1B), and UART command register 2 (OP1B).

SIO Status Register SIO data register
(port address : IPOE, initial value: 0000g) (port address : IPOF/OPOF, initial value: 0000g)
3 z LA 0 s 3 2 ! 0
[ sor | ser (SMF) | (KEO) [ b3 | o2 [ o1 | oo |
SIOF | Serial transfer status monitor | I D7 | D6 | D5 | D4 I

0 : Transfer completed

1 : Transferin progress D7~DO0: Serial transfer data

SEF | Shift status monitor | At the first write/read, the lower four bits (D3 to D0) are accessed.
At the second write/read, the upper four bits (D7 to D4) are

0 : Shiftcompleted
1 : Shiftin progress accessed.

Figure 3-43. SIO Status Register and SIO Data Register
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SIO command register 1
(port address : OP1E, initial value: 0001p)

3 2 1 0

| INH | SBIT CI&R

INH | Serial transfer mandatory stop |

0 : Continuestransfer.
1 : Mandatory stop

SBIT | Numberoftransferbitsl

0 : 4-bittransfer
1 : 8-bittransfer

CKR | Serial clock frequency |

00 : fc/6d [Hz]

01 : fc/128

10 : fc/5120rfs/a
| 11 : /4096 or fs/32
Notes
1. fc ; High-frequency clock [Hz]

fs ; Low-frequency clock [Hz]

2. To enter transfer mode, set ESIO=0.

SIO command register 2
(port address : OP1F, initial value: 0000g)

3 2 1 0

| ESIO | RM LM | ECKM

ESIO | Starts/ends serial transfer. |

0 : Endsserial transfer.
1 : Startsserial transfer.

Selects transfer mode. | (Note 2)
|—4—bit transfer—| |—8—bit transfer—|
0 : Transmit mode Transmit mode
1 : Receive mode Receive mode

RM

Selects shift edge. | (Note 3)

0 : Shiftsatserial clock trailing edge.
1 : Shifts at serial clock leading edge.

,_
<

ECKMI Selects serial clock. |

0 : Internal clock (output to SCK pin)
1 : External clock (input from SCK pin)

3. In transmit/receive mode, set "don't care”. Intransmit mode, set LM = 1.

Figure 3-44. SIO Command Registers

Serial interface interrupt status register
(port address : IP1B, initial value: 0010B)

SI0I | SIOinterrupt|
1 : Interrupt

UART command register 2
(port address : OP1B, initial value: 0000g)

3 2 1 0

SIOIE| Controls SIO interrupt |
1 : EnablesSIO interrupt.

3.7.

0 : Nointerrupt | 0 : DisablesSIOinterrupt.

Figure 3-45. Serial Interface Interrupt Status Register and UART Command Register 2

1.3 Serial Clock
The serial clock can be selected as follows.
(1) Clock source selection
The ECKM (bit 0 of SIO command register 2) is used to select the following:
(a) Internal clock (ECKM ="0")

The internal serial clock frequency is selected according to CKR (lower two bits of SIO
command register 1). The internal serial clock is output externally from the SCK pin. At
transmission start, the SCK pin output is high level. When data write (transmitting) or read
(receiving) cannot keep pace with the serial clock rate, a wait function automatically stops the
internal serial clock and holds up the next shift until processing is complete. The highest
transfer speed for internal clock operation is 93750 bits/s (at fc = 6MHz).
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(b) External clock (ECKM="1")
The clock input externally to pin SCK is used as a serial clock. To use this clock, set the R92
(SCK) output latch to 1. A reliable shift requires at least two instruction cycles whether the
external serial clock is high or low level. When the transfer is complete, hold high level for at
least two instruction cycles after the final shift clock.

(2) shift edge selection
Select the following using the LM (SIO command register 2, bit 1):
(a) Leading edge shift (LM ="1")
Shifts data at the leading edge of the serial clock (SCK pin falling edge).
(b) Trailing shift (LM ="0")
Shifts data at the trailing edge of the serial clock (SCK pin rising edge). In transmit mode, the
trailing edge shift is not supported.

3.7.1.4 Number of Transfer Bits
Select 4-bit serial transfer or 8-bit serial transfer using the SBIT (command register 1, bit 2).

(1) 4-bitserial transfer (SBIT ="0")
This mode transmits or receives in units of 4 bits. When the SIOIE bit of UART command register 2
issetto 1, an SIOl interrupt is generated after every four bits transferred.
The buffer register is accessed once to read receive data or write transmit data.

(2) 8-bitserial transfer (SBIT="1")
This mode transmits or receives in units of 8 bits. When the SIOIE bit of UART command register 2
is set to 1, an SIOI interrupt is generated after every eight bits transferred. The buffer register is
accessed twice to read receive data or write transmit data. After the transfer mode is set or an
interrupt request is generated, at the first write/read the least significant four bits are accessed,
and at the second write/read the most significant four bits are accessed.

3.7.1.5 Transfer Mode
Select transmit mode, receive mode (at 4-bit transmission), or transmit/receive mode (at 8-bit
transmission) using the RM (SIO command register 2, bit 2).

(1) Transmit mode (RM =0 (4-Bit: SBIT =0, 8-Bit: SBIT =1))
After setting the transfer mode in the command register, write the first transmit data (4-bit or 8-
bit) to the buffer register (OPOF) (if the transfer mode is not set to transmit mode, the data are
not written in the buffer register). At 8-bit serial transfer, accessing the buffer register (OPOF)
twice writes 8-bit data.
After transmit data are written, setting the ESIO to 1 starts transmission. Transmit data are
synchronized with the serial clock and are output sequentially from the LSB to the SO pin. When
the LSB data are output, the transmit data are shifted from the buffer register to the shift
register. At thattime, if the SIOIE bit of UART command register 2 is set to 1, an SIOI (SIO buffer
empty) interrupt is generated to request the next transmit data. Writing the next transmit data
to the buffer register by interrupt service program clears the interrupt request.
In internal clock mode, after transmitting all the 4-bit or 8-bit data, the serial clock stops and
processing waits until the next transmit data are written to the buffer register.
In external clock mode, the data must be set in the buffer register prior to starting the next data
shift. Therefore, the transfer rate is determined according to the maximum delay time from
interrupt request generation until the interrupt service program writes data to the buffer
register.
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To terminate the transmission, instead of writing the next transmit data, clear the ESIO to 0 using
the buffer empty interrupt service program. When ESIO is cleared, the transfer stops as soon as the
transfer of the data currently shifted out ends. Transfer termination can be detected from the
status of SIOF (status register, bit 3). (When transfer is complete, SIOF is cleared to 0).

Also, while the external clock is operating, clear ESIO to 0 before the next transmit data are shifted.
If ESIO is not cleared before the data are shifted out, the transfer stops after transmitting the next
4-bit or 8-bit data (dummy data).

= _LFLHJUW—I Taiat i

SO X D0 X D1 D5 X D6 X D7 \ XDO X1’ pe’X D7 [ N/

XX XX Al
siol & N
OPOF S K S

I it I
) '} )y

(a) Internal clock operation (with wait)

ESIO cleared

siol Nl_l

OPOF D N X D’

Y

(b) External clock operation

Figure 3-46. Transfer Mode

Note : An SIOl interrupt is not generated unless the SIOIE bit of UART command register 2 is set
to 1.

4-85-65



TOSHIBA TMP47E885AF

Example: Use the internal clock (fc/27) to transmit data (8-bit serial transfer) stored in
data memory (specified by DMB and HL register pair).

LD A, #0101B
ouT A, %OP1E
LD A, #0010B
ouT A, %OP1F
ouT @HL, %OPOF
INC L

ouT @HL, %OPOF
LD A, #1010B
ouT A, %OP1F

(2) 4-bitreceive mode (RM =1, SBIT =0)
After receive mode is set in the command register, setting ESIO to 1 enables reception. The data are
loaded in sync with the serial clock to the shift register via the Sl pin. When the current 4-bit data
are all loaded, they are transferred from the shift register to the buffer register (IPOF). If the SIOIE
bit of UART command register 2 is set to 1 at that time, an SIOI (buffer full) interrupt is generated to
request reading the receive data. The interrupt service program reads the data from the buffer
register.
When the data are read, the interrupt request is cleared. After an interrupt is generated, the next
data are read continuously. When the 4-bit data are loaded after the interrupt request is cleared,
the data are transferred from the shift register to the buffer register.
In internal clock mode, if the previous transmit data are not read from the buffer register, serial
clock stops and wait mode is entered until the data are read regardless of whether the loading of
the next data is complete or not.
In external clock mode, because the shift is synchronized with an external clock, the data are read
before the next receive data are transferred to the buffer register. If the previous data are not
read, the receive data are not transferred to the buffer register and any receive data input
subsequently are cancelled. The maximum transfer rate using an external clock is determined
according to the maximum delay time from interrupt request generation until reading of the
receive data. For receive data, a leading edge or a trailing edge shift can be selected. If a leading
edge shiftis selected, data are loaded at the leading edge of the serial clock. Therefore, before the
first serial clock is applied at transfer start, the first shift data must be already input to the Sl pin.

Note: If the SIOIE bit of UART command register 2 is not set to 1, no SIO! (buffer full) interrupt is
generated even though the buffer is full at reception.

< 1> Sufficiently slow transfer rate (external clock mode):
In external clock mode, clear ESIO to 0 before the next serial clock is applied after an SIOI
(buffer full) interrupt. Then, read the final data.

Note: If the SIOIE bit of UART command register 2 is not set to 1, no SIOI (buffer full) interrupt is
generated even though the buffer is full at reception.

Example: End reception at a sufficiently slow transfer rate. (Leading-edge shift)

LD A, #0111B ; ESIO « 0 (Ends reception)
ouT A, %OP1F
IN %IPOF, A ; Acc « IPOF (Reads receive data)
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<2>

Note:

<3>

Fast transfer rate (internal/external clock mode)

When an interrupt request is received at a fast transfer rate, the loading of the next data may
start before ESIO is zero-cleared. In such a case, before reading the next to last data, check
that SEF (SIO status register, bit 2) is set to 1, clear ESIO to 0, then read the data. The
interrupt service caused by the final data reception simply reads the receive data; reception
terminates without further operation. This method is normally used when the internal clock
operates. For external clock operations, the ESIO must be cleared and the receive data must
be read before the final data are transferred to the buffer register.

If the SIOIE bit of UART command register 2 is not set to 1, no SIOI (buffer full) interrupt is
generated even though the buffer is full at reception.

Example: End reception at a fast transfer rate. (internal clock, leading-edge shift)

SSEFO : TEST %IPOE, 2 ; Waitsuntil SEF="1"
B SSEFO
LD A, #0110B ; ESIO«0
ouT A, %OPI1F
IN %IPOF, A ; Acc « |IPOF (Reads receive data.)

At one-word reception

At one-word reception, set the SIOIE bit of UART command register 2 to 1, and set ESIO to 1
(indicates reception started). Check that SEF is set to 1 and returns ESIO to 0. As an SIO
(buffer full) interrupt is generated once only, read the receive data using the interrupt
service program.

Example: Start/end reception for one-word reception (internal clock, trailing edge)

LD A, #0100B ; OP1F < 0100B (Sets to receive mode.)
ouT A, %OP1F
El ; EIF « 1 (Enablesinterrupt.)
LD A, #1100B ; ESIO « 1 (Starts reception.)
ouT A, %OP1F
SSEFO : TEST % IPOE, 2 ; Checksthat SEF=1.
B SSEF0
LD A, #0100B ; ESIO « 0 (Ends reception.)
ouT A, %OP1F
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—1 Y e |
ESIO . //’
sioF —1 ) / (
SEF — | L1 Y LV

st 222K 20 X o1 X o2 X 03 X oo X o1 X o2 Dz\X+I D3"
SIOl 1}
( \
SB //X D « X D’ Ao
read (IPOF) o O —O
(a) Internal clock operation, trailing-edge shift (with wait)
ESIO cleared
<>
ESI0 —0dI 1
SIOF (r\
SeF — | LI Ll l )

si o0 Xo1X(o2)(osX(oo){or oz ox XowXorXoz)es]
SIOl l\ _I\

sB AN ) AN A\
read (IPOF) \—>o \—>o \—>o

(b) External clock operation, leading-edge shift (slow transfer rate)

i ESIO cleared ,
ESI0  —d l
SIOF / (r\f
D L LV 1 /
SCK S I

s 0 EEE@@@@@@@
SIOI |\

SB X 5 XD\ X\ ~
read (IPOF) \—>o \ \—>o

(c) Internal clock operation, leading-edge shift (fast transfer rate)

Note :  Ifthe SIOIE bit of UART command register 2 is not set to 1, no SIOl interrupt is generated.

Figure 3-47. 4-Bit Receive Mode
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(3) 8-bittransmit/receive mode
After setting the RM to transmit/receive mode, write the first transmit data to the buffer register.
Then, set ESIO to 1 to enable transmit/receive. Transmit data are output from the SO pin at the serial
clock leading edge. Receive data are loaded from the Sl pin at the trailing edge. When 8-bit data are
loaded, the data are transferred from the shift register to the buffer register. At that time, if the
SIOIE bit of UART command register 2 is set to 1, an SIOI (buffer full) interrupt is generated to
request reading the receive data. The interrupt service program reads the receive data from the
buffer register, then writes the transmit data.
In internal clock mode, processing waits until the receive data are read and the next transmit data
are written.
In external clock mode, the shift is disabled until the receive data are read and the next transmit data
are written. Therefore, the transmit data must be written before the next clock is supplied. The
maximum transfer rate using an external clock is determined by the maximum delay time from
interrupt request generation until the receive data are read and the transmit data are written.
The buffer register is used in both transmitting and receiving data. Therefore, when transmitting
data, always write the transmit data after reading eight bits of receive data.
To terminate transmit or receive, clear ESIO to 0. When ESIO is zero-cleared, all 8 bits of the currently
data are received and transferred to the buffer register, and transmit or receive terminates. To
confirm by program the termination of transmit or receive, check the status of SIOF (SIO status
register, bit 3), which is set to 0 at the termination of transmit or receive.

Example 1: Write transmit data saved in RAM (8- Example 2: Read receive data and write the next

bit transfer internal clock) and start transmit data
transmit/receive LD HL, #30H
LD A, #0100B IN %IPOF, @HL
ouT A, %OP1E INC L
LD A, #0110B IN %IPOF, @HL
ouT A, %OP1F LD HL, #22H
LD HL, #20H ouT @HL, % OPOF
ouT @HL, % OPOF INC L
INC L ouT @HL, % OPOF
ouT @HL, % OPOF
LD A, #1110B

ouT A, %OP1F
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ESIO

—
SIOF —
seF ——1
s« — LML L aliglgll

SO

SIOI

SB :XDO

(a) Internal clock operation

(( . ((
) ) |

ESIO

1
| 5 5 (
SIOF
(( (( ?\\
SEF 1 )] | ) |
amminigipaigigigigigipaigigignsnns

s0 @@@
; [:/ ,

SIOl

SB :XDO Qﬂ é DO’ SS X DI

DI

(b) External clock operation

Note : When the SIOIE bit of UART command register 2 is not set to 1, no SIOl interrupt is
generated.

Figure 3-48. 8Bit Transmit/Receive Mode

3.7.1.6 Serial Transfer Mandatory Stop
During a serial transfer, the transfer can be forcibly halted.
Setting INH (command register 1, bit 3) to 1 clears ESIO to 0, stops the serial transfer (shift register
operation), and initializes the shift counter. After the serial transfer is stopped, the SCK and SO pin
outputs are set to high level and INH is automatically cleared to 0.
In transmit mode (including transmit/receive), the SO pin output is set to high level, but the contents
of the shift register are not cleared. Therefore, the data immediately prior to the mandatory stop are
output until the first shift data are output after the instruction to re-start transfer.
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3.7.2 Asynchronous Serial Interface (UART)
TMPA47E885AF incorporates an 8-bit buffered asynchronous serial interface. The asynchronous serial
interface is connected to external circuits via pins R83 (TX) and R81 (RX). The serial port is also used as
port R8. When using port R83 as a TX pin, set the port R83 output latch to 1. When using port R81 as an
RX pin, set the port R81 output latch to 1.

3.7.2.1 UART Configuration
Figure 3-49 shows the UART configuration.

When LRy =1 When LRy =0
(upper four bits) (lower four bits)

IPOD OP1A OP1B (UART command 2) r \
UART status, | | UART command 1 | : ||x|E |Rx|E |5T0p| | , UART receive data buffer |OPOC

32{?10 32Uo 3 [2 1 o 7 6 5 4 B 2 1 0
1 4 L
| . “tl'ransrlnit shlift registerI . I—»D ™

7 6 5 4 3 2 1 0
| . Receive shift register, . |<—|:| RX

7 6 5 4 |3 2 1 0
IP1B

Interrupt request TDBEI | RDBFI | I , UARTreceive data buffer |IPOC

(TDBEI, RDBFI) 3 2 1 0 7 6 5 4 3 2 1 0
( Serial interface

A\ AL J
Y Y
interrupt status
(upper four bits, (lower four bits)

When LRy =1 When LRy =0

Control circuit (baud rate, shift counter)

Figure 3-49. UART Configuration

3.7.2.2 UART Control
The UART is controlled by UART command register 1 (OP1A), UART command register 2 (OP1B), the
UART status register (IPOD), and the serial interface interrupt status register (IP1B).

UART command register 1 UART command register 2
(port address : OP1A, initial value : 0000g) (port address : OP1B, initial value : 0000g)
3 2 ! 0 e B, 2 L 0
T M
| TXE | RXE | BAUD RATE (SIOIE) | TXIE RXIE | STOP |
TXE | Enables transmitter. | TXIE | Controls UART transmit interrupt. |
1 : Enablesdata transmit. 1 : Enablestransmit data buffer empty interrupt.
| 0 : Disablesdatatransmit. | 0 : Disablestransmit data buffer empty interrupt.
RXE | Enables receiver. | RXIE | Controls UART receive interrupt. |
1 : Enablesdata receive. 1 : Enablesreceive data buffer full interrupt.
| 0 : Disablesdata receive. | 0 : Disablesreceive data buffer full interrupt.
BAUD RATE | Selects transfer clock. | STOP | Specifies number of transmit data stop bits.
00 : 10.4kbps (at4MHz) 1 : Onestop bit
01 : 9600bps (at4MHz) | 0 : Twostop bits
10 : 4800bps (at4MHz)
11 : 2400bps (at4MHz)

Note : When the TXE and RXE bits are set to 0 to disable interrupts, the interrupts are disabled after data are sent or received.
When transmit data are saved in the transmit data buffer, the data are not transmitted until the next data are written,
even when transmit is subsequently enabled.

Figure 3-50. UART Command Register
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UART status register (port address : IPOD, initial value : 1000g)

3 2 1 0
| TDBE RDBF FE | ORE |

TDBE | Transmit data buffer empty |

1 : Transmit data buffer empty. Enables transmit data write.
0 : Transmitdata buffer full. Disables transmit data write.

RDBF | Receive data buffer full |

1 : Receive data. Enables receive data read.
0 : Noreceive data

FE | Framing error flag |

1 : Framingerror
|0 : Noframingerror

ORE | Overrun error flag |

1 : Overrunerror
0 : Nooverrunerror

Figure 3-51. UART Status Register

Serial interface interrupt status register (port address : IP1B, initial value : 0010g)

3 2 1 0

TDBEI RoBFI | (SIOI)
I |

TDBEI | UART transmit data buffer empty interrupt

1 : Interrupt
0 : Nointerrupt

RDBFI | UART receive data buffer full interrupt

1 : Interrupt
0 : Nointerrupt

Figure 3-52. Serial Interface Interrupt Status Register

UART transmit data buffer register (port address : OPOC, initial value : 0000g)

3 2 1 0
| D3 | D2 | D1 | DO | (Writes when LRg = 0: clears TDBEI.)
| D7 | D6 | D5 | D4 | (Writes when LRy = 1: clears TDBE and transmits data to transmit register.)

(D7 - DO : Serial transmit data)

Writing data when LRy = 0 accesses the lower four bits (D3 to D0). Writing data when LRy = 1 accesses the upper four
bits (D7 to D4).

Figure 3-53. UART Transmit Data Buffer Register
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UART receive data buffer register (port address : IPOC, initial value : 0000g)

3 2 1 0
| D3 | D2 | D1 | DO | (When LRy =0, reads.)
| D7 | D6 | D5 | D4 | When LRg=1,reads.: ® Clears RDBF and RDBFI.
® After reading UART status, clears
(D7 to DO : serial receive data) FE and ORE.

Reading data when LRg = 0 accesses the lower four bits (D3 to DO0).
Reading data when LRg = 1 accesses the upper four bits (D7 to D4).

Figure 3-54. UART Receive Data Buffer Register

3.7.2.3 Data Transfer Baud Rate Selection
In UART mode, any of the four data transfer baud rates can be selected using BAUD RATE (UART
command register 1, lower two bits).

3.7.2.4 Data Transfer Format
For data transferred in UART mode, one start bit (low level) and the number of stop bits (high level)
specified by STOP (UART command register 2, bit 0) are added. Figure 3-55 shows the UART data
transfer format.

_\start,(bitOX 1 X 2 X 3 X 4 X 5 X 6 X 7 )'stop

<«——— Transfer direction (LSB first)

start 1 (start: Start bit (low level, one bit)

bitOto 7 : Transfer data (eight bits)

stop 1 Stop bits (high level)
WhenSTOP=1 : onebit.
WhenSTOP=0 : two bits.

Figure 3-55. UART Data Transfer Format
3.7.2.5 UART Operation

(1) Data transfer
First, set port R83 to 1. Then, set bit TXE of UART command register 1 to 1 to enable the transmitter.
Next, write the transmit data first to the lower four bits, then to the upper four bits of the transmit
data buffer register. When the transmit data are written to the upper four bits of the transmit data
buffer register, the eight bits of the transmit buffer register are transferred to the transmit shift
register and sequentially transmitted from the TX pin. At that time, one start bit and the number of
stop bits specified by STOP (UART command register 2, bit 0) are added to the data transmitted. The
data transfer baud rate is selected by bits 1 and 0 of UART command register 1.
When the data written to the transmit data buffer are transferred to the transmit shift register, bit
TDBE of the UART status register is set to 1 to show that the next data can be written. Before writing
transmit data, read the UART status register. After confirming that the TDBE bit is set to 1, write the
next transmit data. As data cannot be written when the TDBE bit is set to 0, wait until this bit is set to
1 before writing. When the next data are written in the UART transmit data buffer register, the
TDBE bit is cleared to 0.
If TXIE (UART command register 2, bit 2) is set to 1, 8-bit data are transferred from the transmit data
buffer register to the transmit shift register. When the transmit data buffer register is empty, an
interrupt request (TDBEI) is issued. The interrupt request is cleared to 0 when data are written to the
lower four bits of the transmit buffer register. When TXE is set to 1 and data transfer is enabled,
TXIE can be setto 1.
When the TDBE bit is set to 0, do not write data to the transmit data buffer register.
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(2) Datareception

First, set port R81 to 1. Set RXE (UART command register 1, bit 2) to 1 and enable reception. Then,
when data are received from the RX pin, the receive data are transferred to the receive data buffer
register. (The data are sampled at reception as described in 3.7.2.6.) At that time, one start bit and
the number of stop bits specified by UART command register 2 are already included in the data
received. However, only the receive data are read and transferred to the receive data buffer
register. The data transfer baud rate is selected by BAUD RATE (the lower two bits of UART
command register 1).

When the data are transferred to the receive data buffer register, bit RDBF of the UART status
register is set to 1 indicating that data have been received. After the UART status register is read,
reading the data from the receive data buffer register clears the RDBF bit to 0.

If RXIE (UART command register 2, bit 1) is set to 1, an interrupt request (RDBFI) is issued when bit
RDBF is set to 1. Reading the upper four bits of the receive buffer register clears the interrupt
request to 0. When RXE is set to 1 and data reception is enabled, RXIE can be set to 1.

If a framing or overrun error is detected at data reception, the FE or ORE bit of the UART status
register is set to 1to inform the processor of an error. When an error occurs, the data become invalid
and are not transferred to the receive data buffer register. After the UART status register is read,
reading the upper four bits of the receive data buffer register clears the FE or ORE bit to 0.

3.7.2.6 Data Sampling
The UART receiver samples the RX pin input at 16 times the baud rate selected by BAUD RATE (the
lower two bits of UART command register 1) until the start bit is detected in the input. This rate, which
is 16 times the baud rate, is called the RT (receive timing) rate or receiver clock. The start bit, all data
bits, and the stop bit are sampled three times at intervals of 1RT (1RT is the position where the bits are
expected to start) at the 7RT, 8RT, and 9RT positions as shown in Figure 3-56 Bit values are determined
by a majority of the samplings (two or three of the three samplings).

seceverdoc  — L LIITLILPLPLTITLILPLTITITL T TITITLT

(RT rate) 16 1 2 3 5 6 7 8 9 10 11 12 13 14 15 16 1 2
R R R R R R R R R R R R R R R R R R R
T T T T T T T T T T T T T T T T T T T
Previous bit Current bit | | Sample Next bit
RX pin X v v v X

Figure 3-56. Sampling Used for All Bits

Note :  Start bit is detected at the rising edge of RX. If noise occurs on RX, TMP47E885AF may start

receive by misidentifying the noise as start bit.

Normal receive
start bit 1 0 0 1 0 1 1 1

I [ I I R

(receive data=10010111)

Misidentify the noise
noise 1 0 0 1 0 1 1 1

' [ L

<> misidentify as start bit

(receive data=01001011)
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3.7.3 Serial Interface Interrupt
There are three serial interface interrupt sources: a synchronous serial interface (SIO) interrupt source
and two asynchronous serial interface (UART) interrupt sources. However, there is only one serial
interface interrupt request (ISIF). An interruptisrequested by OR-ing three interrupt sources.
To determine the source of the interrupt, the interrupt handler routine reads the serial interface
interrupt status register.

(1) SIO interrupt (SIOI)
Writing data to the buffer register at transmission or reading the buffer register at reception clears
the status bit of SIO interrupt source to 0. Following that, if there is no transmit data, the interrupt
request can be released by clearing the SIO interrupt control bit to 0 and terminating interrupt
processing.

(2) UART interrupt (TDBEI, RDBFI)
Writing data to the lower four bits of the transmit buffer at transmission, or reading the upper four
bits of the receive buffer register at reception clears the status bit of the UART interrupt source to 0.
Following that, if there is no data for transmission, release the interrupt request by writing dummy
data to the lower four bits of the transmit buffer register.

[Notes when processing timer/counter interrupts]

The timer/counter has multiple interrupt sources. However, only one interrupt request signal (ISIF) is
provided. Accordingly, when multiple interrupts are generated simultaneously or, before interrupt
processing begins, a dummy interrupt may be generated after the termination of interrupt processing.
Make sure that if a dummy interrupt is generated, the program is not affected. The following
describes the case of no dummy interrupt generation and the case of dummy interrupt generation.

(@) Nodummy interrupt

The interrupt processing routine checks the interrupt sources and begins processing one of the
multiple interrupts. The routine completes the processing using the RETI instruction without
processing the other interrupts. Where each interrupt is sequentially processed, dummy interrupts
do not occur.

The interrupt request is maintained until all the interrupts are processed. In the case of multiple
interrupts, after processing is completed for one interrupt, reception is again enabled and the next
interrupt is processed. The number of interrupts generated equals the number of interrupt
sources. Processing is repeated until all the interrupts are processed.

(b) Dummy interrupt
The interrupt processing routine checks for interrupt sources and processes all interrupts. When
the routine completes interrupt processing and the RETI instruction is executed, a dummy
interrupt is generated.
The dummy interrupt is acknowledged by the interrupt processing routine when it checks to see if
there are any interrupt sources and detects none. Then the interrupt processing routine processes
the dummy interrupt. Interrupt processing completes after executing the RETI instruction again.
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3.8 EZPROM
TMPA47E885AF has 64 x 8 bits of internal E2PROM.

3.8.1 E2PROM Configuration
Figure 3-57 shows the E2PROM configuration.

E2PROM address register E2PROM write data register
A AN\

4 N 7 A\
OP14 OoP13 OP02 OPO1 OPOO

1 ! ] | | ] 1 1 | 1 ] 1 | | 1 1 ] EZPBOM?O"‘"‘?”'J |
3 2 10 3 2 10 3 1£ 0 3 1£ 0 3 1L
::> E2PROM

memory cell array \l_ Control circuit
(64x8)
IP02 iL IPO1 ﬂ e Y IPIS
| 1 1 1 | | 1 1 | ....... BUSY | ik
3 2 1 0 3 2 1 0 3 2 1 0
N J
Y (E2PROM status register)

E2PROM read data register

Figure 3-57. E2PROM Configuration

3.8.2 E2PROM Control
The E2PROM is controlled by the E2PROM command register (OP00), E2PROM address registers (OP14,
OP13), E2PROM write data registers (OP02 and OP01), E2PROM read data registers (IP02 and IP01), and
E2PROM status register.

(1) E2PROM command register
The E2PROM command register is used to set the E2PROM operating mode. Setting the operating
mode in the command register executes the operation. When the operation terminates, the
command register is automatically cleared to X000g.

E2PROM command register (port address: OPQO, initial value : 0000g)

3 2 1 0
| EEEN | I MODE

(Automatically cleared to X000 when the operation terminates.)

EEEN | Enables E2PROM. | MODE | Selects and executes operating mode.
0 : Disables E2PROM 000 : Nooperation
1 : Enables E2PROM 001 : Read
010 : Write

011 : Byteerase
100 : Rewrite
Others : Don'tuse.

Figure 3-58. E2PROM Command Register
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(2) E2PROM address register
An 8-bit register that indicates the EZPROM address. For the lower four bits, access port address
OP13. Forthe upper four bits, access port address OP14. At reset, the address register is initialized to
0.
The E2PROM addresses are 004 - 3F4. Do not access the address range 40y - FF.

E2PROM address register (port address : OP14, OP13, initial value : 00000000g)
(OP14) (OP13)
3 2 1 0 3 2 1 0
| A7 Ab A5 A4 | | A3 A2 Al A0

Figure 3-59. E2PROM Address Register

(3) E2PROM write data register
An 8-bit register that holds data to be written to E2PROM. For the lower four bits, access port
address OP01. For the upper four bits, access port address OP02. At reset, the write data register is
initialized to 0.

E2PROM write data register (port address : OP02, OPQ1, initial value : 000000005)
(0OP02) (OPO1)
3 2 1 0 3 2 1 0
I DI7 Dl6 DI5 DI4 I | DI3 DI2 DI DIO

Figure 3-60. E2PROM Write Data Register

(4) E2PROM read data register
An 8-bit register that holds data read from E2PROM. For the lower four bits, access port address [PO1.
For the upper four bits, access port address IP02. At reset, the read data register is undefined.

E2PROM read data register (port address : IP02, IPQ1, initial value : **%xxxx%p)
(1P02) (IPO1)
3 2 1 0 3 2 1 0
[ ooz DO6 DOS5 pos || pos DO2 DO DOO

Figure 3-61. E2PROM Read Data Register

(5) E2PROM status register
The status register is used to monitor the operating status of the E2PROM.

E2PROM status register (port address : IP13, initial value : 0011g)
3 2 1 0

BUSY : Monitors E2PROM operating status.
0 : Operation terminated or off
1 : Operating

Figure 3-62. E2PROM Status Register
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3.8.3 E2PROM Operating Mode
When using E2PROM, set the EEEN bit of the E2PROM command register to 1. E2PROM is read in real
time, but erase and write operations require an internal timer to be set. While the E2PROM is operating,
the contents of the E2PROM command register, the address registers, and the write data registers cannot
be altered. Before altering the contents of these registers, check that E2PROM operations have
terminated, using the E2PROM status register. E2PROM erase, write, and read are supported only in
normal operating mode.

3.8.4

(1) Read

Setting read mode in the E2PROM command Example: Read data at E2PROM address 2Cy and load the

register loads the data at the memory address
specified by the address register to the read data
register.

Before performing the read, first set the address in
the E2PROM address register.

(2) Byte erase

Setting byte erase mode in the E2PROM command
register clears the data at the address specified in
the address register to 00H.

Before performing a byte erase, first set the
address in the E2PROM address register.

(3) Write

Setting write mode in the E2PROM command
register writes the contents of the write data
register to the address specified in the address
register. (Data are written to the bits at the
specified address whose data are erased.)

Before performing a write, first set the address in
the E2PROM address register and set the write data
in the write data register.

(4) Overwrite

When overwrite mode is set in the E2PROM
command register, the data at the address
specified in the address register are erased and the
contents of the write data register are written.
Before performing the overwrite, first set the
address in the E2PROM address register, and set
the data to write in the write data register.

E2PROM Data Protection

data at data memory (RAM) addresses 30 and

31,
LD
ouT
LD
out
out
LD
IN
INC
IN

A, #0CH ; Sets address.

A, %OP13

A, #2H

A, %O0P14

#1001B, % OP00 ; Reads data.
HL, #30H ; Loadsdatato RAM.
%IP01, @HL

L

%1P02, @HL

Example : Erase the byte at E2PROM address 1Ey.

LD
ouT
LD
ouTt
ouTt

A, #0Ey ; Sets address.

A, %O0P13

A, #1H

A, %O0P14

#1011B, % OP00 ; Starts byte erase.

Example : Write 5A, at E2PROM address 32,,.

LD
ouT
LD
ouT
ouT
ouT
ouT
: TESTP
B
ouT

LOOP

A, #2H ; Sets address.

A, %O0P13

A, #3H

A, %0P14

#0AH, % OPO01 ; Sets the write data.
#5H, % 0P02

#1011B, % OP00 ; Starts byte erase.
%IP13, 2 ; Monitors status.

LOOP

#1010B, % OP00 ; Starts write.

Example : Overwrite data at E2PROM address 32, with

value 5A,.

LD

ouT
LD

ouT
ouT
ouT
ouT

A, #2H ; Sets address.

A, %O0P13

A, #3H

A, % 0OP14

#0AH, % 0OP01 ; Sets the write data.
#5H, % 0P02
#1100B, %0OP00 ; Starts

rewriting

E2PROM has no data protection. To access the E2PROM,, set the registers of E2PROM by the instruction. If
TMPA47E885AF is operated out of the guaranteed range, data in the E2PROM may be changed by the
runaways of the CPU. Under the condition out of the guaranteed range, such as power on or power off,
please use the power-on-reset circuit and reset IC to reset the MCU certainly.

1.  After power on, keep active Reset until Vcc stabilized.

2. Do notpower off during EZPROM access.
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TOSHIBA TMP47E885AF

ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS | (Vss=0V)

PARAMETER SYMBOL PIN SPECIFICATION UNIT

Power supply voltage Vpp -0.3t06.5 \Y

Input Voltage Vin -0.3toVpp+0.3 \Y
VouTi Ports R4, R5, R6, R7, R8, RA -0.3toVpp+0.3

Output Voltage v
VouT2 Ports R9, RB -0.3toVpp+0.3
louT Ports R4, R5, R6, R7, R8, RA 3.2

Output Current (per 1 pin) louT2 Ports R9, RB (sink current) 3.2 mA
louTs Ports R9, RB (source current) 1
SlouT1 Ports R4, R5, R6, R7, R8, RA 40

Output current (total for all pins) mA
Slout2 Ports R9, RB 20

Power dissipation [Topr = +85°C/+ 110°C] PD 300 mwW

Soldering Temperature (time) Tsld 260 (105s) °C

Storage Temperature Tstg -5510 150 °C

) Product version T TH
Operating - .
I version Topr -40 + 85 C
temperature
W version -40 + 110

RECOMMENDED OPERATING CONDITIONS (Vss=0V, Topr=T to Ty)

PARAMETER SYMBOL PINS CONDITIONS Min. Max. UNIT
At normal operation 4.5
Power supply voltage Vpp At slow operation 2.7 5.5 \Y
At hold operation 2.0
Viy1 | Excluding hysteresis input Vppx 0.7
VppZ 4.5V
High-level input voltage Vih2 | Hysteresis input Vpp X 0.75 Vpp \
Viuz | Atslow or hold operation Vpp<4.5V Vppx0.9
Vi1 | Excluding hysteresis input Vppx0.3
Vpp= 4.5V
Low-level input voltage V|2 | Hysteresisinput 0 Vpp x0.25 \Y
Vi3 | Atslow or hold operation Vpp<4.5V Vpp x 0.1
fc XIN, XOUT 0.4 6.0 MHz
Clock frequency
fs XTIN, XTOUT 30 34 kHz
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TOSHIBA TMPA47E885AF
D.C. CHARACTERISTICS | (Vss=0V, Topr=T toTy)
PARAMETER SYMBOL PINS CONDITIONS Min. | Typ. | Max. [UNIT
Hysteresis voltage VHs Hysteresis Input - 0.7 - \Y
Ports RESET, HOLD,
I Vpp=5.5V,
Input current TEST, KO - - 10 | LA
Viy=5.5V/0V
Iin2 Ports R4 to RB
) Ring RESET 80 220 | 450
resistance kQ
Rp Ports R9, RB 3 10 35
Output leak current |l o Ports R4 to R8, RA Vpp =5.5V, Voyr=5.5V - - +10 | LA
High-level output
voltage A Vou |PortsR9, RB Vpp =45V, oy = - 60 4A 24 | - - | v
Low-level output
voltage VoL Ports R4 to RB Vpp=4.5V, g .= 1.6 mA - - 0.4 \'
Low-level output loL1 Ports R4 to R8, RA v 45V V iy 2.4 - - A
DD=4.0V,VoL= 1. m
current lo.z | PortsR9, RB 24 | - -
Power supply current | Except for E2PROM Erase / write |Vpp=5.5V, fc=4 MHz - 6 A
. Db m
atnormal operation During E2PROM Erase / write Vpp = 5.5V, fc =4 MHz - 6 10
Power supply current | Vpp = 3.0V, version | 30 60 N
at slow operation DDS fs=32.768 kHz |version W - 120 H
Power supply current I v 5 5y version | 05 20 N
at hold operation DDH DD = 2- version W - 40 “

Note 1:
Note2: Inputcurrent: Iing Iin
Note 3: Inputcurrent: Ipp, Ippy

Ipps

Typ. values are based on Topr =25 °C, Vpp =5V

Vin=5.3V/0.2V

Port R voltage level is assumed to be valid.

A.C. CHARACTERISTICS

(Vss=0V, Vpp=4.5Vto 5.5V, Topr=T toTy)

Excludes current due to built-in input (pull-up or pull-down) resistors.

Vin =2.8V/ 0.2V, low-frequency clock (XTIN, XTOUT connected) only oscillates.

PARAMETER SYMBOL CONDITIONS Min. Max. UNIT
) ) At normal operation 1.3 20
Instruction cycle time tey us
At slow operation 235 267
High-level clock pulse width twen
External clock operates. 80 - ns
Low-level clock pulse width twel
Reset pulse width PWgsTL | With stable oscillation 3 - tey
External interrupt pulse width PWeinT 2 - tey
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A /D CONVERSION CHARACTERISTICS | (Vss=0V, Vpp=4.5Vt0 5.5V, Topr=T to Ty)
PARAMETER SYMBOL CONDITIONS Min. Typ. Max. UNIT

Analog reference power supply V AREF Vpp-1.5 B Vop v
voltage Vass Vss - 5
Analog reference power supply
voltage range AVarRer | Varer = Vass 25 - - v
Analoginput voltage range VAN Vass - V AREF Y
Analog reference voltage power
supply current IRer - 0.5 1.0 mA
Non-linear error - - 1.5

Vpp =5.0V, Vss=0.0V
Zero error - - 15

VAREF = 5000V LSB
Full-scale error - - 15

Vass =0.000V
Total error _ _ +2
A/D conversion time taDC - 26 - tey
A/D conversion sampling time taIN At fc = 4MHz - 4 - s

SIO CHARACTERISTICS (Vss =0V, Vpp=4.5t0 5.5V, Topr=T_ to Ty)
PARAMETER SYMBOL CONDITION Min. Max. UNIT
Data transfer rate When fc = 6MHz, internal clock operates. - 93750 bps
Shift data hold time tspH 0.5t¢, - 300 - ns
] PWsckn
External clock pulse width External clock operates. 2 - tey
PWsckL

Note : Shift data hold time :
SCK, SO pin External circuit Serial port (end of transmission)

VDD
SCK 1.5V
10kQ
tspH

; 2oeF 50 X X X ;[ 1.5V
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TMP47E885AF
TIMER/COUNTER CHARACTERISTICS | (vss=0V, Vpp=4.5105.5V, Topr=T_to Ty)
PARAMETER SYMBOL CONDITION Min. Max. UNIT
At normal operation - fc/16
External count clock frequency fent Hz
At slow operation - fs/16
At normal operation 4/fc -
External input signal pulse width PWrein s
At slow operation 4/fs -
PWM OUTPUT CHARACTERISTICS | (Vss=0V, Vpp=4.5105.5V, Topr=T to Ty)
PARAMETER SYMBOL CONDITION Min. Typ. Max. UNIT
PWM signal output frequency fewm - - fc/8192 Hz
Trigger signal input pulse width | PWqgrg 4/fc - - S
E2PROM CHARACTERISTICS | (Vss=0V, Vpp=4.5105.5V, Topr=T, to Ty)
PARAMETER SYMBOL CONDITION UNIT
Write time tpw 41 (Typ.) ms
Erase time tew 41 (Typ.) ms
Number of rewrites Topr=Ty 104 (Min.) Times
. h - After executing 104 rewrites )
Data retention characteristics Ta = 55°C (average temperature) 10 (Min.) Year

Note : Number of rewrites and data retention characteristics are intended as a guide to product capability.
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RECOMMENDED OSCILLATION CONDITIONS | (Vss=0V, Vpp=4.5105.5V, Topr=T, to Ty)

(1) 6MHz XIN XOUT
Ceramic oscillator 6 MHz
CSA6.00 MGU (MURATA) CxiN =CxouT =30 pF %{D#
KBR-6.00 MS  (KYOCERA) Cxin =CxouTt =30 pF Cxin ; ; Cxourt
(2) 4MHz
Ceramic oscillator XIN XOUT
CSA4.00 MG (MURATA) CxiN =CxouT =30 pF 4 MHz
KBR-4.00 MS  (KYOCERA) CxiN = CxouT =30 pF %{D#
Crystal Oscillator Cxin CxouT
204B-6F 4.0000 (TOYOCOM)  CXIN=CXOUT =20 pF ; /‘-Wr
(3) 400 kHz XIN XOUT
Ceramic oscillator
CSB400P (MURATA) CxiN =CxouT =220 pF, Rxout=6.8kQ 400 kHz RxouT
KBR-400B (KYOCERA) CxiN = CxouT =220 pF, Rxout=6.8 kO |:|
Cxin Cxout

H
H

Electrical characteristics diagram

R-Ta RESET pin loL-VoL R port
loL
(kQ) - mA)| Voo =4.5V
Vpp=5.5V (mA) TP s
400 8 4
- /
300 = 6
// /
L~ /
200 —= 4
L1 /
100 2 HA
0 Ta 0 VoL
-40 0 40 80 120 (°C) 0.4 0.8 1.2(V)
| Ipp - Vbp | Ipp - fc
DD DD
mA - 0 mA VDD =55V
(mA)]Ta=25°C (mA) et
4 4
3 3
fc=4 MHz
2 2 /
/
1 1 7
fc =400 kHz L
0 '_‘I"_-T—’ Vbb 0 fc
3 5 7 ) 0.1 0.4 1 4 10 (MHz)
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Port Condition by RESET Operation
The transition of Port condition by RESET operation is shown as below.

VDD £

3 H
Supply voltage /

: t (RESET)
—_ ! (¢

. f~VIH2 Y [~ VIH2
RESET (input) : ; g VIL2 2 :

(¢

Internal : ; )
oscillating starts X Stable oscillation
condition éosallatlon ; : (
: : : (51 : E
Internal Y S Determihes de endln onthe _ \ e e
hardware Unsettled antlallzatlon “*‘result o¥ progrgm execgut|on . A Initialization ***

))
Operation of

microcomputer : ; : ) ) /R : -
——————{R&%L on \ Program execution (I ——
H (¢ A

Y

Condition of ; g gr : {
Output port Initialization Determines depending on the Xnmallzau Determines depending on the

and I/0 port result of program @(ecutlon ONA result of program execution
1
) @
<— Condition of port by Power on reset «— Condition of port at resetting during ——
power supply is stable

Figure 3-63. Port condition by Reset operation

Note 1: t(RESET) > 24/fc

Note 2: VIL2 : Stands forlow level input voltage of RESET pin.
VIH2 : Stands for high level input voltage of RESET pin.

Note 3: The term from power on reset to the time program is executed (above @) and also the term
starting from reset operation during power supply is stable to the program is executed (above
@), the port is on the initial condition. The initial condition of Port differs from I/O circuit by
each port, refer to the section of “INPUT/QUTPUT CIRCUITRY”. Thus, when using Port as an
output pin, in the term of the above @ and @, the voltage level on the signal that connects
with the output pin of Port to the input pin of external application circuit should be
determined by the external circuitry such as pull-up resistor and / or pull-down resistor.
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TOSHIBA TMPA47E885AF
PIN I/O CIRCUITS
(1) Control pins
The following shows the control pin input/output circuits for TMP47E885AF.
Control Pin /0 CIRCUITRY REMARKS
OsC. enable»tDo_
Wy Oscillator connecting pins

XIN Input R¢ R =1kQ(typ.)
XOuT Output R Ro Rt =1.5MQ (typ.)

Ro =2 kQ (typ)

XIN XOUT
VDD Hysteresis input
RESET Input Rin R Internal pull-up resistors
/@I A‘/W_D Rin =220 kQ (typ.)
R=1kQ (typ.)
R Hysteresis input

HOLD Input N (Sense input)
(KEO) (Input) $+—w—

R=1kQ (typ.)

R .
1 AA D pull-down resistors
~ Rin =70 kQ (typ.)

TEST Input Riy

R=1kQ (typ.)

4-85-85




TOSHIBA TMPA47E885AF
(2) 1/0 ports
Port I/0 CIRCUIT REMARKS
R
Ko | Input —+w{] R =1k (typ.)
Sink open drain output
EI Initial “Hi-Z2"
E I L
R4 Input Analog switch R =1kQ (typ.)
R5 Output J_ ¢ R Analog input
Ca Ra Ra =5kQ (typ.)
; Ca =12pF(typ.)
Sink open drain output
R6 Input |> o I Initial “Hi-2"
R
R7 Output P R =1kQ (typ.)
~J
Sink open drain output
R8 Input 4[>o—| < Initial “Hi-2"
R
RA | Output @ Hysteresis input
R=1kQ (typ.)
VDD Sink open drain output
(Internal pull-up resistor)
R Initial “Hi-2"
R9 Input Rp =10kQ (typ.)
RB Output [> 5 I < (In hold mode, turn pull-up
R resistor off.)
@ Hysteresis input
R=1kQ (typ.)

4-85-86




