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TOSHIBA TMP87C408/808/408L/808L

Document Change Notification

The purpose of this notification is to inform customers about the launch of the Pb-free version of the
device. The introduction of a Pb-free replacement affects the datasheet. Please~understand that this
notification is intended as a temporary substitute for a revision of the datasheet:

Changes to the datasheet may include the following, though net-all\of{thém may apply to this
particular device.

1. Part number
Example: TMPxxxxxxF - TMPxxxxxxFG

All references to the previous part number weré Jeft unchanged i body text. The new
part number is indicated on the prelims pages4cover page and’this notification).

2. Package code and package dimensiong
Example: LQFP100-P-1414-0.50C > _LQFP100-P-1414-0.50F

All references to the previous packagecodé and package dimensions were left unchanged
in body text. The new ones are-indicated on the prelims pages:

3. Addition of notes on lead'solderability
Now that the deviceis’Pb-free, notes on lead solderability have been added.

4. RESTRICTIONS ON PRODUCT USE

The previous (ebsolete) provision might beleft unchanged on page 1 of body text. A new
replacement is included on the next page.

5. Publication date of the/datasheet

The publication date at thelower right corner of the prelims pages applies to the new
device.
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TMP87C408/808/408L/808L

1. Part number

2. Package code

and dimensions

Prewpus Part Number Prewqus Package Code New Part Number | New Package Code oTP
(in Body Text) (in Body Text)
TMP87C408M SOP28_P_450_1.27 TMP87C408MG SOP28-P-450<1.278 TMP87P808MG
TMP87C408N SDIP28_P_400_1.78 TMP87C408NG SDIP28-P-400-1.78 TMP87P808NG
TMP87C408DM SSOP30_P_56_0.65 TMP87C408DMG SSOP30-P-56-0:65 —
TMP87C808M SOP28_P_450_1.27 TMP87C808MG SOP28-P#450:1\278 TMP87P808MG
TMP87C808N SDIP28_P_400_1.78 TMP87C808NG SDIP28-P-400-1.78 TMP87P808NG
TMP87C408LM SOP28_P_450_1.27 TMP87C408LMG SOP28-P-450-1.27B | TMP87P808LMG
TMP87C408LN SDIP28_P_400_1.78 TMP87C408LNG SDIP28-P/400-1.78 TMP87P808LNG
TMP87C808LM SOP28_P_450_1.27 TMP87C808LMG S0P28-P-450-1.27B | TMP87P808LMG
TMP87C808LN SDIP28_P_400_1.78 TMP87C808LNG SDIP28-P-400-1.78 TMP87P808LNG

*: For the dimensions of the new package, see the attachedPackage Dimensions. diagram.

3. Addition of notes on lead solderability

The following solderability test is conducted on the~new device.

Lead solderability of Pb-free devices (with the G suffix)

Test

Test Conditions

Rémark

Solderability

(1) Use of Lead (Pb)
-solder bath temperature =230°C
-dipping time = 5 seconds
-the number of times = once
-use of R-type flux
(2) Use of Lead (Pb)-Free
-solder bath temperature = 245°C
-dipping time = 5 seconds
-the number of times =once
-use of R-type flux

Leads with over 95% solder coverage
till lead forming are acceptable.

II
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TOSHIBA TMP87C408/808/408L/808L

4, RESTRICTIONS ON PRODUCT USE
The following replaces the “RESTRICTIONS ON PRODUCT USE” on page 1 of body text.

RESTRICTIONS ON PRODUCT USE 20070701-EN

¢ The information contained herein is subject to change without notice.

e TOSHIBA is continually working to improve the quality and reliability of its products. Nevértheless; 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 comply-with-the standards of safety
in making a safe design for the entire system, and to avoid situations in which a malfunction or failure of such
TOSHIBA products could cause loss of human life, bodily injury or damage'to propetty,
In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as
set forth in the most recent TOSHIBA products specifications. Also, please keep_in-mind the precautions and
conditions set forth in the “Handling Guide for Semiconductor Devices,” of TTOSHIBA Semiconductor Reliability
Handbook” etc.

e The TOSHIBA products listed in this document are intended for usage in general-glectronics applications (computer,
personal equipment, office equipment, measuring equipment, industrial robeties, domestic appliangés, etc.).These
TOSHIBA products are neither intended nor warranted for usage in/equipment that requires extraordinarily high
quality and/or reliability or a malfunction or failure of which may cause loss of human life. ok bodily-injury
(“Unintended Usage”). Unintended Usage include atomic energy-controh instruments, airplane~or-spaceship
instruments, transportation instruments, traffic signal instruments,/combustion control /instruments,/ medical
instruments, all types of safety devices, etc.. Unintended Usage 'of TOSHIBA produgts, listed in_his decument shall
be made at the customer’s own risk.

e The products described in this document shall not be used,or. émbedded to any downstream products of which
manufacture, use and/or sale are prohibited under any applicablelaws and regulations:

e The information contained herein is presented only as a/guide for the applications of Our products. No responsibility
is assumed by TOSHIBA for any infringements of patents or other rights of the third parties which may result from its
use. No license is granted by implication or otherwise under any patents or other rights-of TOSHIBA or the third
parties.

e Please contact your sales representative for product-by-product details in( this document regarding RoHS
compatibility. Please use these products in this document in'compliance-with all'applicable laws and regulations that
regulate the inclusion or use of controlled substances:Joshiba assumesna_liability-for-damage or losses occurring
as a result of noncompliance with applicable laws-and regulations:

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

5. Publication date of the datasheet

The publication date of this.datasheet is printed-at the lower right corner of this notification.
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TOSHIBA TMP87C408/808/408L/808L

(Annex)
Package Dimensions

SOP28-P-450-1.27B
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TOSHIBA TMP87C408/808/408L/808L

SDIP28-P-400-1.78

Unit: mm
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TOSHIBA TMP87C408/808/408L/808L

SSOP30-P-56-0.65
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TMP87C408M, TMP87C408N, TMP87C808M,

CMOS 8-Bit Microcontroller

TMP87C808N

TMP87C408LM, TMP87C408LN, TMP87C808LM, TMP87C808LN
TMP87C408D

TMP87C408/808/408L/808L is high speed and high performance 8-bit single chip-mictocomputers to operate
on low voltage and low power consumption. This MCU contains ROM, RAM, input/odtput ports, multi-
function timer/counter, a serial interface, and 8-bit A/D converter.

Part No. ROM RAM Package OTP/MCU Operation Voltage Range
_TMP87C408M P-SOP28-450-1.27 TVP87R808M 2.7V105.5V at4.2 MHz
_TMP87C408N 4K x 8-bit 45V to5.5Vat8MHz
TMP87C408DM P-S5QP30-56-0.65
TMP87C808M . P-SOP28-450-1.27 TMIP87P808M

“TMPS7C808N BKXBBIt | sgxsbit | PsDIP28-400-1.78 | TMPB7PBOSN

(JMP87CA08LM | 1k x 8-bit ..P-50P28-450-1.27 /" 1~ TIMP87RE0BLM [ 1.8V 1040V at4:2 MHz
TMP87C408LN P-SDIP28-400-1.78 TMIP87P808LN

JMP87CBOBLM | i« 8-bit ..P-50P28-450-1.27 \ [ TMP87PB0SLM
TVIP87C808LN P-SDIP28-400<1.78 TNP87P808LN

Features

@ 8-bit single chip microcomputer TLCS-870 series P-SOP28/450-1.27

@ Minimum instruction execution time: 0.5 xs (at 8 MHz)

(TMP87C408/C808/P808) { TMP87C408M
0.95 us (at 4:2 MH2) S TMP87C408LM

(TMP87C408L/C808L/P808L) ) TMP87C808M
@ 129 types & 412 basic instructions ;mgg;ggggkﬂ“"
® Multiplication (8 bits x 8 bits, 16 bits + 8 bits) TMP87P808LM

: Execution time 3.5 us(at8 MHz)
(TMP87C408/C808/P808)
7.0'us(at4MHz)

| TMP87C408N
(TMPR87C408L/C808L/P80OSL)

TMP87C408LN
TMP87C808N
TMP87C808LN
TMVIP87P808N
TMP87P808LN

® Bit manipulations

(Set/Clear/Complement/Load /Store / Test / Exclusive-ar)
® 16-bit data operations
® 1-byte jump / call{Short'relative jump / Vector call)

P-SSQP30-56-0.65
/////_\

~

<

— )
N
W@@z
TMP87C408DM

000707EBP1

@ 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 improyve the quality and 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 complfy with the standards of safety in
making a safe desigh for the entire system, and to avoid situations in which a malfunction or failure of such TOSHIBA
products could._cause loss of human/life, bodily injury or damage to property.

In developing-youf designs; please (ensure ‘that TOSHIBA products are used within specified operating ranges as set
forth in the~most recent TOSHIBA \products specifications. Also, please keep in mind the precautions and conditions set
forth_in the “Handling Guide-fgr/Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability Handbook” etc..

@ The TOSHIBA products listed; inl this document are intended for usage in general electronics applications (computer,
personal equipment, office equipment, measuring equipment, industrial robotics, domestic appliances, etc). These
TOSHIBAproducts are neither intended nor warranted for usage in equipment that requires extraordinarily high
quality ‘and/or reliability or a malfunction or failure of which may cause loss of human life or bodily injury
("Unintended Usage”). Unintended Usage include atomic energy control instruments, airplane or spaceship instruments,
transportation instruments, traffic signal instruments, combustion control instruments, medical instruments, all types of
safety.dkevices, etc.. Unintended Usage of TOSHIBA products listed in this document shall be made at the customer's
own risk.

@ The products described in this document are subject to the 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 TMP87C408/808/408L/808L

@ 10 interrupt sources (External: 4, Internal: 6)
® All sources have independent latches each,
and nested interrupt control is available.
® Edge-selectable external interrupts with noise reject
® High-speed task switching by register bank changeover
@ Input/Output ports (22 pins)
® Middle current output: 6 pins (Typ.7 mA)
(TMP87C408/C808/P808)
(Typ. 6 mA)
(TMP87C408L/C808L/P808L)
@ Two 16-bit Timer/Counters
® Timer, Eventcounter, Programmable pulse generator output,
Pulse width measurement, External trigger timer,
Window modes
@ Time Base Timer
@ Interrupt frequency types: 8 types (1 to 16384 Hz)
@ Divider output function (frequency: 4 types)
@ Watchdog Timer
@ One 8-bit Serial Interface
® With 8 bytes transmit/receive data buffer
® Internal / external serial clock, and 4/8-bit mode
@ 8-bit Successive approximate type A/D converter with sample and hold
® 6 analog inputs
® Conversion time: 23 us/92 us at 8 MHz programmabléselectable (TMP87C408/C808/P808)
46 ps/ 184 us at 4 MHz programmable selectable (TMP87C408L/C808L/P808L)
@ Two Power saving operating modes
® STOP mode:Oscillation stops. Battery/Capacitorback-up
Port output hold/high-impedance
® |IDLE mode : CPU stops, and Peripherals-operate using high-frequency clock. Release by interrupts.
@ Operating voltage: 2.7t0 5.5V at 4.2\ MHz/4.5 to 5.5 V at 8 MHz(TMP87C408/C808/P808)
1.81t0 4.0V at4,2MHz (TMP87C408L/C808L/P808L)
@ Emulation pod : BM87C408MOA

3-08-2 2001-01-22
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Pin Assignments (Top View)

P-SOP28-450-1.27/ P-SDIP28-400-1.78

\J/
XouT -—[]1 28 [1=<—vDD xouT <—[]1 O 301 =<—voD
xin —[] 2 27 [ <> RESET xin —[]2 29 [] <> TRESET
TesT —[] 3 26 | ] <> P10 (INT0) TesT — [ 3 28 [ <> P10 (INT0)
P67 <[4 25 [[] <> P11(INT1) P67 <[4 27 [ <> P11 (NT1)
P66 <> []5 24 [ <> P12 (INT2/TC1) P66 <> []5 26 [ <> P12 (NT2/7C1)
(AIN5/STOPS) P65 <> [] 6 23 [ <> r13 @©V0) (AIN5/STOPS) P65 <> [ 6 25 |1 <> P13 (BV0)
(AIN4/STOP4) P64 <> [] 7 22 [ <> P14 (FPG) (AIN4/STOP4) P64 == [ 17 24 [ <> P14 (FPG)
(AIN3/STOP3) P63 =[] 8 21 [ <> P15(TC2) N.C. Nk 23/ NC.
(AIN2/sTOP2) P62 <> [] 9 20 ] ->r1s (AIN3/STOP3) P63 <> [] 9 221 - P15/(1C2)
(AIN1) P61 <[] 10 19 [ <> P17 (AIN2/STOPZ) P62~ <[] 10 21 [J<>r16
(AINO) P60 =[] 11 18 | <> p72 (aINm el e 11 201 <>rp17
(VAREF) P77 <[] 12 17 | <> P73 (5¢K) (AINO) P60 ] 12 19 F /<> p72
(STOP/INT5) P76 -<->[] 13 16 | <> P74 (s)) (VARER).P77 -->=[]13 181]5] <> P73 (3¢K)
(vassyvss —»[] 14 15 [ <> P75 (50) (STOR/INTS) P76 <[] 14 17 [ <>P74(s)
vass)vss —[] 15 16 [ <> P75 (s0)
Block Diagram
Power { VDD +—>
Supply L VSS 44—
P S W | Stack Pointer | Data Memory | Program Counter |
| I
ALU Flags | RES (RAM)
_______________
| I * ' Register Banks
Reset I/ RESET S
esetl/o s System Controller
Test Pin TEST Program Memory
; Standby Controller <| Interrupt Controller | (ROM)
Clock Gear T T T T T I
Timing Generator >|/~Time Base 16-bit 8-bit Serial
Resonatgr XIN Timer Timer/Counters Interface d I
Connectingy xo ()7 High Clock TC1 | TC2 SIO Instruction
Pins thequenc N T 17 Reqister
quency| Generator Wat_c dog Instruction
Tirmer Decoder
~ < = N\ < L
I
\ 8-bit P1 P7
Key Wake Up m A/D converter . -
=
T ]| (T ——
NG 2 NG 2 NG 2
P67 VAREF P17 P77
P66 (P77) to to
P65 (AIN5 / STOPS) P72

P-SOP30-56-0.65

to to

P62 (AIN2 /STOP2)

P61 (AIN1)
P60 (AINO)

voltage

(Analog inputs /stop mode release)

Analog P10
referenc

3-08-3
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Pin Function

Pin Name

Input / Output

Function

8-bit programmable input/output

ports (tri-states)

Each bit of these ports can be individually
configured as an input or an output under
software control. When used as an
external interrupt input or a timer
counter input, the input mode is
configured. When used as a divider

/O (Input) output or a PPG output, the latch must be— ['External interrupt input1

setto "1 " and the OUtpUt mOde iS ..................................................................

configured. External interruptinput 0

8-bit programmable input/output’port

(tri-states). Each bit of the port€ak e ) ) [y lidgh) i

individually configured as an inputor-an A/D convérter Stop mode

output under software control. When analog.inputs release inputs

used as an analog input or stop.mode

/0 (Input) release input , the input mode is
configured.
A/D-converter analog inputs

P60 (AINO)
P77 (VAREF) 6-bit programmable input/output-port | Adalog reference power supply
............................... /0 (Output) (tri-states).
P76 (STOP/INT5) Each bit of these ports can be individually |STOP mode release input/External interrupt 5 input
.............................................................. Canfigufed as an iNpUt or an OULpUE Under |77
PT3EO) i /O (Outpud .| softwars control. SO serial data OUtDUL e
P74 (S)) /0 (Input) When-used as an external interrupt.input | g5 serial data input
.............................................................. ora serial interface input_pinathe input |
P73 (SCK) 110.(1r0) mode is configured. When, used as a serial | SIO serial clock input/output
.............................................................. interface Output pin, the Iatch muSt be Set N iEsaeaasaisessasasEsessastissasasNANs s assasaR e R R RSy
P72 e to “1” and the output mode/is/configured.

Resonater-connectingpins for clock.
XIN, XOUT Input, Output . S . .

For inputting externalclock, XIN is used and XOUT is opened.
RESET 110 Reset signal input orwatchdog timer output/address-trap-reset output/system-clock-reset output.
TEST Input Test/pin for outgoing test. Be tied to low.
VDD 2.7 to-5:5.V (TMP87C408/C808/P808), 1.8 to 4.0 V (TMP87C408L/C808L/P808L)

Power Supply

VSS (VASS) 0V (GND) Analog reference GND

3-08-4
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Operational Description

1.  CPU Core Functions
The CPU core consists of a CPU, a system clock controller, an interrupt controller,.and a watchdog timer.
This section provides a description of the CPU core, the program memory, the data memory, and the reset

circuit.

1.1  Memory Address Map
The TLCS-870 Series is capable of addressing 64 Kbytes of memory. Figure 1-1'shows the memory address
maps of the 87C408/808/408L/808L. In the TLCS-870 Series, the memory.is-organized 4 address spaces
(ROM, RAM, SFR, and DBR). It uses a memory mapped I/O system, andall I/Qregisters are mapped in the
SFR/DBR address spaces. There are 16 banks of general-purpose registers:” The register-banks are also
assigned to the RAM address space.

00004
SFR [ :

003F
0040

00BF
00€0

013F

DBR

64 bytes

128 bytes

128 bytes

T bytes’ 7
FRO0 |
ROM : 192
bytes
FFBF [t
FFCO {~g7 bytes
FEDF | . .50
FFEO 32 bytes
FFFF
87C408/408L

0000y

003F
0040

00BF
00€0

OFFO

OFF7

FFOO

FFBF
FFCO

FFDF
FFEO

FFFF

013F !

E000 |

64 bytes

128 bytes ]

128 bytes

~~
—~—

8 bytes

32 bytes j

32 bytes

87C808/808L

Register banks

( 8 registers x 16(banks)

Note:” ROM; Read OnlyMemory includes:

Vectortable for
vectorcalhinstruction
(16 vectors)

Interrupt vector table
(16 vectors)

Program memory
RAM ; Random/Access Memory includes:
Data-memory
Stack
General- purpose register banks
SFR, - Special Function Register includes:
1/0 ports
Peripheral hardware control registers
Peripheral hardware status registers
System control registers
Interrupt control registers
Program Status Word
DBR,; Data buffer registers includes:
SIO transmiti/receive data buffer

Entry area for page
call instruction

Figure 1-1. Memory Address Map

3-08-5
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TOSHIBA TMP87C408/808/408L/808L

1.2 Program Memory (ROM)
The 87C408/408L each have a 4 Kbytes (addresses FO00 to FFFFy), the 87C808/808L each have an 8 Kbytes
(addresses EQ0O to FFFFL) of program memory (mask programmed ROM).
Addresses FFOO0 to FFFF of program memory is also used for a special purpose.

(1) Interrupt vector table (addresses FFEQ to FFFFy)
This table consists of a reset vector and 16 interrupt vectors (2 bytes/vector):~Thése vectors store a
reset start address and interrupt service routine entry addresses.

(2) Vectortable for vector call instructions (addresses FFCO to FFDFR)
This table stores call vectors (subroutine entry address, 2 bytes/vector) forthe vector call instructions
[CALLV a]. There are 16 vectors. The CALLV instruction increases memory efficiency when utilized
for frequently used subroutine calls (called from 3 or more locations).

(3) Entry area(addresses FFOO to FFFFy) for page call instructions
This is the subroutine entry address area for the page/callinstructions [CALLP /a}.. Addresses FFOO to
FFBFy are normally used because addresses FFCO to FFRF{yare/used for the vectortables,

Programs and fixed data are stored in the Address ROM
program memory. The instruction to be FOOEOH confents
executed next is read from the address D L
indicated by the current contents of the LY T Exampler” The relationship
program counter (PC). There are relative jump gg?:::tr;zgycml
and absolute jump instructions. The congcepts- [ FF00 group
of page or bank boundaries are not used in.the instructions/Interrupt/
program memory concerning any jump ~ ~ Reset
instruction. CALLP 7BH ; PC <« FF7By
Example: The relationship between the | rraF
jump instructions and the PC\ FFCO | “Callvector(L) |56 CALLV OH ; PCe F856y
@® 5-bit PC-relative jump [JRS ‘¢c,~$ +2 +d] FFC1 €all'\vector (H) | F8
F8C4H: JRS T, $+2+08H FpC2
When JF =1, thejump\is/made to F8CEy, 5
which is 08/added to the contents of the /
PC. (The £ containsthe address of the | FFOF
instruction. being executed +2; FFEQ_[interruptyector (t) | 68 INTS i PCeF368y
. ) FFE1 |Interrupt vector (H)| F3
therefore, in this.case, the PC_contents FFE2
are F8C4y + 2 =F8C6(.)
; e FFFD
2 S ety avejunp IR e 324l ) e [Resetvecor® |36 Reser ; poerosky
i X FFFF Reset vector (H) | FO
Whén ZF=1, the jump is made'\to F846y,

which_is’ FF80y (-128) added-to the

Figure 1-2. Program Memory Map
current contents ofthe PC.

@ 16-bit absolute jump [JP a]
F8C4H: JP OF235H
An unconditional jump is made to
address F2354. The absolute jump
instruction can jump anywhere within
the entire 64K-bytes space.

3-08-6 2001-01-22



TOSHIBA TMP87C408/808/408L/808L

In the TLCS-870 Series, the same instruction used to access the data memory is also used to read out fixed
data stored in the program memory. The register offset PC-relative addressing (PC + A) instructions can
also be used, and the code conversion, table look-up and n-way multiple juip processing can easily be
programmed.

Example 1: Loads the ROM contents at the address specified by the HL register pair contents into
the accumulator (87C€408: HL = F000H)
LD A, (HL) ; A<ROM (HL)

Example 2: Converts BCD to 7-segment code (common anode LED). When A =05y, 924 is output
to port P1 after executing the following program.

ADD A, TABLE-$-4 :P1«<ROM (TABLE+ A)
LD (P1), (PC+A)
JRS T, SNEXT ;Jump to SNEXT
TABLE: DB 0COH, OF9H, 0A4H, 0BOH, 99H, 92H,~82H, 0D8H, 80H, 98H
SNEXT: S
Note: “$” is a header address of ADD instruction. DB s a byte data SHLC A
definition instruction.
(P / (PC+A) —
Example 3: N-way multiple jump in accordance with the contentsof /~ | _____: 34 _____]
F2
accumulator (0 = A =3). 78
SHLC A ~JfA=00q then PCF2345/ [T77777 3]
JP (PC+A) if A=01y then PC&F378y [ - 37 ]
if A=024then PCLFA37Y ™
if A=03 then PC<FIBOy [ 77 Fi ]
DW  OF234H, OF378H, OFA37H, OF1BOH T S~

Note: DW is a word data definitioninstruction. Word =2 bytes!

1.3 Program Counter (PC)

The program counter (PC) is a 16-bit-register which indicates'the program memory address where the
instruction to be executed next is stored. After feset; the feset vector stored in the vector table
(addresses FFFFy and-FFFEY)/is loaded into the PC;-therefore, program execution is possible from any
desired address. For example, when FO4 and 3Ey af¢ stored at addresses FFFFy and FFFER, respectively,
the execution stafts from-address FO3EH after.reset.

The TLCS-870 Series’utilizes pipelined processing (instruction pre-fetch); therefore, the PC always
indicates 2 addresses in-advance. Forexample, while a 1-byte instruction stored at address F123y is being
executed, the PC contains F1254.

MSB LSB

151213 12 0S8 e’s 4 3 2 1 0 ProgramCounter:X a X a+1 X a+2 X a+3 X:

Program'Counter (PC)

PCH PC, Instruction X a-2 X a-1 X a X a+1
Execution

(a)_/Configuration (b) Timing chart of PC counters and Instruction Execution

Figure 1-3. Program Counter
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1.4 Data Memory (RAM)
The 87C408/808/408L/808L each have a 256 bytes (addresses 0040 to 013Fy) of data memory (static RAM).
Figure 1.4 shows the data memory map.
Addresses 0000 to 00FFy are used as a direct addressing area to enhance instructions which utilize this
addressing mode; therefore, addresses 0040 to 00FFy in the data memory canfalso be used for user flags
or user counters.

Example 1: If bit 2 at data memory address 00C0H is “1”, 00.is writtén/té data memory at address
00E3y; otherwise, FFy is written to the data memory-at address 00E34.

TEST (00COH).2 ; if (00CORH)2=02thenjump
JRS T,SZERO
CLR (00E3H) ; (00E3R)«-00y4
JRS T,SNEXT

SZERO: LD (00E3H), OFFH ; (0OE3R)«FFH

SNEXT:

Example 2: Increments the contents of data memory at’address 00F5g, and clears to 00y when 104
is exceeded.

INC (O0F5H)
AND (00F5H), OFH

General-purpose register banks (8 registers x/16 barnks),are also assigned to the128 bytes of addresses
0040 to 00BFH. Access as data memory is still-possible even when being used)for registers. For example,
when the contents of the data memory ataddress.0040y is read out; the contents of the accumulator in
the bank 0 are also read out.

The stack can be located anywhere within-the.data memory except the register bank area. For more
details on the stack, see section “1.7 Stack and Stack Pointer"”.

With the TLCS-870 Series, programs in_data memory cannot be exéecuted. If the program counter
indicates a specific data memory addreéss (addresses 0040 to 013Fy), an address-trap-reset is generated
due to bus error. (Output from the RESET pin goes low?)

The data memory contents become-unstable when the\power supply is turned on; therefore, the data
memory should be initialized by an\initialization routine.

Example ¥ Clears RAMto 0 exceptthe bank0

LD HL,~0048H ; Setsstart address to HL register pair

LD A, H ; Setsinitial data (A)

LD BC, 00F7H ; Sets number of byte to BC register pair
SRAMCLR: LD (HEb+), A

DEC BC

JRS F, SRAMCLR

Note: “$1 is a header address of ADD instruction. The general-purpose registers are mapped in
the RAM, therefore,.do not clear RAM at the current bank addresses. Clears RAM to 0
except thé bank 0.
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Address 0 1 2 3 4 5 6 7 8 9 A B C D E F
0040y Register bank 0 Register bank 1

0050 Begi§ter t:)ank: 2 f{egi§ter t:)ank: 3

woeo | Reg|sterbank4 ............................. Reg|sterbank5 .................
oo | Reg|sterbank6 ............................. Reg|sterbank7 .................
0090 Begi;»ter t:aank: 10 I:iegi§ter k:)ank: 11

00A0 Begi§ter k:)ank: 12 Begi?ter t:)ank: 13

00BO Begiger I?ank:14 : I}egiger I:oank:15 \

00C0

00DO0

00EO

00F0

0100

0110

0120

0130

Figure 1¢4--Data Memory Map

1.5 General-purpose Register Banks

General-purpose registers are mapped into-addresses 0040 to 00BFy in the data memory. There are 16
register banks, and each bank contains eight 8-bit registers W, A, B;.C,D, E, H, and L. Figure 1-5 shows
the general-purpose register bank-configuration. The unused register banks can be used as a data

memory.
—Bank 15 (00B8 to 00BFy) .
1" Bank 14 (00BO to 00B7,,) Exa\:‘lp'ej Ba:k 0
— Bank.13-(00A8 to 00AF) :

W A Bank 12 (00AO to 00A7;;) .(.9‘?.;‘.1. 1) ; (0040,
e o (0043, {0042,
............. I Bank 4\(0060 to 0067)

D i) JE - Bank 3 (0058.to 005Fy) (0045y) : (0044y,)
------------- L4en| I Bartk2 (0050 t0°0057,) HoofoL

H L I—"Bank 1 (0048 10|004F) (0047y) : (0046)

- Bank'0’ (0040-t00047)
(a) Configuration (b) Address assignments of registers

Figufe 1-5. General-purpose Register Banks
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In addition to access in 8-bit units, the registers can also be accessed in 16-bit units as the register pairs
WA, BC, DE, and HL. Besides its function as a general-purpose register, the register also has the following
functions.

(1) A, WA
The A register functions as an 8-bit accumulator and WA the register pair functions as a 16-bit
accumulator (W is high byte and A is low byte). Registers other than A _can also be used as
accumulators for 8-bit operations.

Examples: © ADD A, B : Adds B contents to A contents and storesthe resultinto A.
@ SUB WA, 1234H ;Subtracts 12344 from WA contentsand stores the result into WA.
@ SUB E, A : Subtracts A contents from B contents, and stores the result into E.
(2) HL, DE

The HL register functions as a data pointer/index register/base register, and the DE register pair
function as a data pointer to specify the memory address:

HL also has an auto-post-increment and auto-pre-decrement functions. This function simplifies
multiple digit data processing, software LIFO (last-in-first-out)/processing, ete.

Example 1: © LD A, (HL) ; Loads the meémary contents at the address specified by HL into A.

@ LD A, (HL+52H) ; Loads theememory contents at the addréssspecified by the value
obtained by-adding 524 to HL contents into’/A.

@ LD A, (HL+C) ;Loadsthememoty contents attheaddress specified by the value
obtained by adding the register Ccontents to HL contents into A.

@ LD A, (HL+) ; Loads the-memory contents-attheaddress specified by HL into A.
Thenincrements HL.

® LD A, (-HL) 7Decrement HL. Then leads the memory contents at the address
specified by new HL into A.

TLCS-870 Series can transfer data directly memory to memory, and operate directly between
memory data and memory data. This facilitates the programming of block processing.

Example 2: Block transfer

LD B, n Setsnumber of bytes to transfer — 1
LD HL, DSTA 7/ Sets destination address
LD DE, SRCA ;_Sets source address
SLOQOP: LD (HL), (DE) (HL) < (DE)
INC HL v HLe<—HL+1
INC DE ; DE«<~DE+1
DEC B ; BB -1
JRS F,, SLOOP ; if B0 thenloop

(3) B/, BC
Registers B and C can be used-as 8-bit buffers or counter, and the BC register pair can be used as a 16-
bit-bufferor counter. The Ciregister functions as an offset register for register offset index
addressing (refer to-example 1 @)/above) and as a divisor register for the division instruction.

Example 1: Repeat'processing

LD /.. B, n ; Sets n as the number of repetitions
SREPEAT: | processing ;
DEC B

JRS F, SREPEAT

Example 2: Division (16-bit + 8-bit)
DIV WA, C ; Dividesthe WA contents by the C contents, places
the quotient in A and the remainderin W.
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The general-purpose banks are selected by the 4-bit register bank selector (RBS). During reset, the RBS is
initialized to “0". The bank selected by the RBS is called the current bank.

Together with the flag, the RBS is assigned to address 003Fy in the SFR as the program status word (PSW).
There are 3 instructions [LD RBS, nl, [PUSH PSW], [POP PSW] to access the PSW. ~The PSW can be also
operated by the memory access instruction.

Example 1: Incrementing the RBS
INC (003FH) ;RBS < RBS + 1
Example 2: Reading the RBS
LD A, (003FH) ;A <« RBS(The flags are simultaneously read in this instruction.)

Highly efficient programming and high speed task switching are-paossible by using bank changeover to
save registers during interrupt and to transfer parameters during subroutine processing. During
interrupt, the RBS is automatically saved onto the stack. The bank used before the intetrupt is
automatically restored by executing an interrupt return instruction[RETI]/[RETN] ; therefore, there is no
need for the RBS save/restore software processing.

The TLCS-870 Series supports a maximum of 15 interrupt sources. One bank-is assigned to the main
program, and one bank can be assigned to each souricg. “Also, to increase the efficiencylof’data memory
usage, assign the same bank to interrupt sources whichare not nested.

Example: Saving/restoring registers duringinterrupt task using bank changeover.
PINT1: LD RBS, n ; RBY «~n(Bank'changeover)

1.6 Program Status Word (PSW)
The program status word (PSW) consists of /a register bank selector/(RBS) and flags, and the PSW is
assigned to address 003Fy in the SFR/
The RBS can be read and written _using)the memory access instruction, however the flags can only be
read. When writing to the PSW, the change specified bytheinstruction is made without writing data to
the flags. For example, when the/instruction [LD (003FH),"05H] is executed, “5" is written to the RBS and
the JFissetto "1, butthe ether flags are not affected,
During interrupt, PSW is savedtothe stack with the/program counter. The PSW is restored from the stack
by executing return instructions [RETI]/[RETN].
[PUSH PSW] and [POP“PSW] are the PSW access.instructions.

1.6.1 Register Bank Selector (RBS)

i . . s 7 4 21
The registerbank selector (RBS) is a 4-bit register used to select 6§ 5 3 - 0

general-purpose-register banks. For example, when RBS =2, JF ZF CF HF RBS
bank 2 iscurrentlyselected. During reset, the RBS is initialized to — —
“0". Figure 1-6. PSW (Flags, RBS)

Configuration
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1.6.2 Flags (FLAG)
The flags are configured with the upper 4 bits: a zero flag, a carry flag, a half carry flag and a jump status
flag. The flags are set or cleared under conditions specified by the instruction. These flags except the
half carry flag are used as jump condition “cc” for conditional jump instructions[JR cc, $ + 2 +d], [JRS cc,
$ +2 +d]. Afterreset, the jump status flag is initialized to “1”, other flags are not affected.

(1) Zero flag (ZF)
The ZF is set to “1" if the operation result or the transfer data.is 004 (for/8<bit operations and data
transfers)/00004 (for 16-bit operations); otherwise the ZF is cleared-to “0%.
During the bit manipulation instructions, the ZF is cleared to “0”/if the contents of the specified bit is
“1". This flag is set to “1” when the upper 8 bits of the product.are 004 during the multiplication
instruction, and when 00 for the remainder during the divisien instruction; otherwise it is cleared
to “0".

(2) Carry flag (CF)
The CFissetto “1” when a carry occurred during addition/of a borrow occurréd during subtraction;
otherwise the CF is cleared to “0". During division, this_flag is set to~71" when the divisor is 00y
(divided by zero error), or when the quotient is 100y or higher (quotiont-overflow érror). The CF is
also affected during the shift/rotate instructions. The data shifted out fronmya registeris set to the CF.
This flag is also a 1-bit register (a boolean accumulator).for the bit manipulation)instructions.
Set/clear/invert are possible with the CF manipulation instructions.

Example: Bit manipulation (The result of exclusive-OR betweenbit 5 content of address 07 and
bit 0 content of address9A iswritten to bit 2-ofaddress 01¢.)
LD CF, (0007H).. 5 ; (00021)2 < (0007H)5 3w (009AR)0
XOR CF, (009AH)/0
LD (0001H) )2, CF

(3) Half carry flag (HF)
The HF isset to “1" when a carry occurred to bit 4 of the.operation result during an 8-bit addition, or
when a borrow occurred frombit 4'of the result during-an 8-bit subtraction. This flag is useful in the
decimal adjustment for BCD operations (adjustmentsusing the [DAA r], or [DAS r] instructions).

Example: / BCD operation
(The' Abecomes 47 after executing-the following program when A =19y, B =284.)
ADD A, B ;Ae—41y, HF < 1,CF=0
DAA A ;A 41y + 06y = 474 (decimal-adjust)

(4) Jumpstatus flag (JF)
The JF is’usually/set to “1”. Zero or carry information is set to the JF after operation. The JF provides
the jump condition for condijtional jump instructions [JRT/F, $+2=d], [JRST/F,$+2+d](TorFisa
condition code).

Example: Jumpstatus flag and conditional jump instruction

INC—A
JRS T, SLABLE1 ; Jump when a carry is caused by the immediately
: preceding operation instruction.
LD A, (HL)
JRS T, SLABLE2 ; JFissetto “1” by the immediately preceding
: instruction, making it an unconditional jump
instruction.
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Example: The accumulator and flags becomes as shown below after executing the following instructions
when the WA register pair, the HL register pair, the data memory at address 00C5y, the carry flag
and the half carry flag contents being “219A4", “00C54", “D71", 1", and “0", respectively.

execution | JF i ZF i CF i HF execution [JF//ZF i CF i HF
ADDC A, (HL) 72 1io0i1 i INC A 98 oioi1io
SUBB A, (HL) c2 1010 ROLC A 35 1010
CMP A, (HL) 9A oo1o RORC A €D oooo
AND A, (HD 92 0 0 1 0 ADD WA, OF508H 16A2 1 0 1 0
LD A, (HL) D7 1010 MUL W, A 13DA 0010
ADD A, 66H 00 1111 SET A5 BA 1110

1.7 Stack, Stack Pointer

1.7.1 Stack
The stack provides the area in which the return' addressyor status, etc. \are saved before a jump is
performed to the processing routine during-the execution of a subroutiné call instruction or the
acceptance of an interrupt.
On a subroutine call instruction [CALL a] //[CALLP a] / [CALLVn], the return-address is saved (the upper
byte is pushed first, followed by the lowér byte).“During software interrupt instruction [SWI] execution
or interrupt, the program status word issaved;then the return.address'is'saved.
When returning from the processing routine,'executing a subroutine return instruction [RET] restores the
contents to the PC from the stack; executing/an interrupt return instruction [RETI] / [RETN] restores the
contents to the PC and the PSW.
The stack can be located anywhere within the data memory.,

1.7.2 Stack Pointer (SP)

The stack pointer (SP)-is a\16-bit register to point-eut the first
start address on the stack. The SP is post-decremént/when a
subroutine callot. a push_instruction is ‘executed, ©r when an
interrupt is accepted; @nd the SPC is pre-incremented when a
return or a pop instruction is executed-—The stack deepens to
the direction of the lower address. Figure 1-8 shows the change
of the stack access and the SP.

The SP is notinitialized hardware-wise but requires initialization by an initialize routine (sets the highest
stack address).. [LD™ SP, mn], [LD-\SP, gg] and [LD gg, SP] are the SP access instructions (mn; 16-bit
immediate data, gg; register pair).

MSB LSB
51413121110 9 8 7 6 543 210

Stack Pointer (SP)

Figure 1-7. Stack Pointer

Example 1: To initialize the SP

LD SP, 013FH ; SP<-013FH
Example 2: TO read the SP
LD HL, SP ; HL<SP
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At acceptance
of interrupt
At execution of or At execution’of
a CALL/CALLV/CALLP at execution of At execution of a RETI/RETN
instruction a SWIlinstruction a RETinstruction instruction
013Cy
013D
013E
013F
Stack
depth
SP before ﬁ
execution
SP after
execution

(a) Stacking order (b) ~Stack depth

Figure 1-8. (Stack

1.8 System Clock Controller
The system clock controller consists of a clock generator, a timing generator, a clock gear, and a stand-by

controller.

Clock gearscontrol register Timing-generatorcontrol register

Clock | CGCR | TBTCR |

b generator 0030H4 e 5{ ;0036H
[ :
_| | XIN D el fegek
: : Clock gear Timing

O v clock oscillator : Stand-by controller
’_| | T D : i generator
o T 5 REA

- T

System clocks

0038y 0039y

| svyscrt || syscrz |

777 Clock-generator control System control registers

Figure 1-9. System Clock Controller
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1.8.1 Clock Generator

The clock generator generates the basic clock which provides the system clocks supplied to the CPU core
and peripheral hardware.

The clocks (fc) can be easily obtained by connecting a resonator between the XINAXOUT pins. Clock input
from an external oscillator is also possible.

XIN XOouT XIN XOUT
} (open)
(a) Crystal/Ceramic (b) External oscillator
resonator

Figure 1-10. Example of Reésonator Connection

Note: Accurate Adjustment of the Oscillation Freqiency:
Although no hardware to externally and directly monitor the basic clock’pulse is provided, the
oscillation frequency can be adjusted By making-the program t6 output fixed frequency pulses to
the port while disabling all interrupts-and monitoring this ptlse. )With a system requiring
adjustment of the oscillation frequency, the-adjusting’ program must beé created beforehand.

1.8.2 Clock Gear

The clock gear selects the gear clock (fegck)which provides the main-system clocks supplied to the timing
generator from fc, fc/2, fc/4 and £¢/8. Power consumption can be reduced by switching of the gear-clock
from fc to fc/2, fc/4 and f¢/8. The clock gear consists of adivided-by-8 prescaler with a multiplexer.

Prescaler
clock (f¢) 11213
fc/8 feack
cgc .
—— = Timing generator
fc/4 MPX 99
fc/2
fc
a 00030y
Clock gear control register Note: MPX; Multiplexer

Figure 1-11. Configuration of Clock Gear
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CGCR z 2 2 1 0
0 0 0 FCGCK iti . 1
(000304) | I | . 3 , | (Initial value:000* 1000)
FCGCK Gear clock selection (write) O**=:reserved
/ gear clock monitor (read) 1000: fc
1001:fc/2
1010:fc/4
1011:fc/8 R/W

1100: reserved
1101: reserved
111*:reserved

Notel: fc, High-frequency clock * ; Don’t care
Note2: Bit4in CGCR is always read in as “1” when a read instruction|is executed.
Note3: Always set bit 7 to 5 to “0”

Figure 1-12. Clock gear control' register

< AR
ﬂmwuwuvmmuwmrmmmmnnmu L 1T

FCGCK g g g : 1000 : X 1011
Instruction X' LD (CGCR), 0By, X ! X
execution : :
fegek/=/fc i Gear clock changing : fegck = fc/8

Figure 1-13. /Example of clock exchangeable timing by clock gear

1.8.3 Timing Generator
The timing gengrator generates from the_basic 'clock(fc) or the gear clock (fcgck) the various system
clocks supplied to the/CPUcore’ and peripheral hardware. The timing generator provides the following
functions:

M Generation of main system clock

@, Generation of divider output (DVO) pulses

@~ Generatjon of source clocks for time base timer
@-Generation of source clocks for watchdog timer

® Generation of internal'source clocks for timer/counters
® Generation.of internal serial clock of serial interface

@ Generation of warm-up ¢locks for releasing STOP mode

(D ~Configuration of Timing-Generator
Thetiming generator consists of a 21-stage divider with a divided-by-2 prescaler. During reset and at
releasing STOP mode, the divider is cleared to “0”, however; the prescaler is not cleared.

Note: Even if the main system clock is changed by the clock gear, the output from the divider is not
changed. The peripheral circuit using high-speed divider output (1st output) can not be used
when the main system clock slows down.
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CLOCK Gear | _fcgck Machine cycle counters
Prescaler Divider Divider
fc/28
Clock fe 112 fa4 112(3]4|5]6 7819 [10]11{12]13[14]15(18]17|18]|19]|20|21

Timer/ P
Counters

—_——
Serial
Interfaces I

Stand-by
controller

Watchdog
Timer

Timer Base
Timer

Divider
output circuit

Figure 1-14,Configuration of Timing Generator

(2) Machine Cycle

Instruction execution and built-in hardware operation‘are synchronized with the system clock.

The minimum instruction execution unit is called-an \"machine cycle”. There are a total of 10
different types of instructions—for’the TLCS-870 Series:-ranging from 1-cycle instructions which
require one machine dycle fof execution to 10-cycle’instructions which require 10 machine cycles for

execution.

A machine cyele consists of 4 states (S0-to S3), and each state consists of one main system clock.

1/ fcgekIs]

]
|,
1

Main System Clock _| I

L

i
1
state. |-—"s0 S1 52 s3 so | st | s2 | s3 |
1
E(—Machinecycle—ﬁ
Figure 1-15. Machine Cycle
Table 1-1. Machine Cycle Example
Frequency Machine cycle
fegck = fc fegck = fc/2 fcgck =fa/a fegck = fc/8
fc=8MHz 0.5 us 1 us 2 us 4 us
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1.8.4 Stand-by Controller
The stand-by controller starts and stops the oscillation circuits. These modes are controlled by the system
control registers (SYSCR1, SYSCR2). Figure 1.16 shows the operating mode transition diagram and Figure
1.17 shows the system control registers.

(1) Operation mode
The machine cycle time is 4/fcgck [s]

@® NORMAL mode
In this mode, both the CPU core and on-chip peripherals operate. The
TMP87C408/808/408L/808L is placed in this mode after reset:

@ IDLE mode
In this mode, the CPU and the watchdog timer are halted; however, on-chip peripherals
remain active. IDLE mode is started by the system—control register 2, and_IDLE mode is
released to NORMAL mode by an interrupt request from.on-chip peripherals orexternal
interrupt inputs. When IMF (interrupt master-enable-flag) is “1” (interrupt.enable), the
execution will resume upon acceptance of th¢ interrupt, and the operation will return to
normal after the interrupt service is completed! When IMF is 70" (interrupt-disable), the
execution will resume with the instruction whichfollows IDLE mode start'instruction.

@ STOP mode
In this mode, the internal oscillation circuitisturned off, causing all system operations to be
halted. The internal status immediately prior to the halt is held with the lowest power
consumption during this mode. The outputstatus of inputoutput ports can be set to either
output hold or high-impedance under software control.
STOP mode is started by the/system-control register-1, and STOP mode is released by STOP
input pin (either level-sensitive or edge-sensitive can be selected). After the warming-up
period is completed, the execution resumes with~the next instruction which follows the
STOP mode start instruction.

RESET

reset release

instruction instruction
IDLE,mode * NORMAL > STOP mode
mode
interrupt release input

Mede Transition Diagram

Operating Oscillation Peripheral Machine cycle
[XWN CPU core o )
mode circuit circuit time

RESET reset reset

turning on
NORMAL oscillation operate 4/fcgck [s]

operate
IDLE
halt

Turning off —

STOP oscillation halt

Figure 1-16. Operating Mode Transition Diagram
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SYSCR1
(0038y)

SYSCR2
(0039,

System Control Register 1

| STOP | RELM | 0 |OUTEN| wuT (Initial value: 0000 £00**)
0: CPU core and peripherals remain active
STOP STOP mode start 1: CPU core and peripherals are halted
RELM Release method for STOP | 0: STOP pininputrising edge release
mode 1: STOP pininput “H” level release
OUTEN Port output control during | 0: High-impedance R/W
STOP mode 1: Remain unchanged
00: 3x2'/fc
Warming-up time at 1: 2% /1
wuT . AN
releasing STOP mode 10: 3x2"/fc
11: 2"/ fc

Note 1: Always set bit5 to "0”.

Note 2: Bits 1, 0in SYSCR1 is read in as undefined value when a read instruction is éxecuted.

Note 3:fc ; Clock [Hz]
* ; don’t care

Note 4: When the STOP mode is started by specifying OUTEN = “0”, the internal input6f port is fixed to “0” and
the interrupt of the falling edge may be set.

System Control Register 2

6 5 L3200 0 Q..
| XEN | 0 | 0 | IDLE | (Initial value:\ 1000 ***x)
XEN High-frequency oscillator 0: Turn off oscillation
control 1: Turnon oscillation

IDLE IDLE mode start

0: CPU, WDT pperate
1: CPU, WDT halt (IDLE mode start)

Note 1: A reset is appliedif XEN-iscleared to "0”.

Note 2: Always set bit 6, 5t6 0.

Note 3: WDT ;Watchdog‘timer/ *, Don’t care

Note 4: Bits 3 to 0)in SYSCR2 are read inras “1” when,a read instruction is executed.

Figure 1-17—System Control Registers 1, 2
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1.8.5 Operating Mode Control
(1) STOP mode (STOP)
STOP mode is controlled by the system control register 1 and the STOP pirinput. The STOP pin is also
used both as a port P76 and an INT5 (external interrupt input 5) pin. The STOP mode is started by
setting STOP (bit 7 in SYSCR1) to “1”. During STOP mode, the following status ismaintained.

@ Oscillations are turned off, and all internal operations are halted:

@ The data memory, registers (except for DBR), PSW, and port(output latches are all held in
the status in effect before STOP mode was entered.: The ‘port_output can select either
output hold or high-impedance by setting OUTEN (bit 4in-SYSCRT).

@ The divider of the timing generator is cleared to “0".

@ The program counter holds the address of the instruction_after the following instruction
which started the STOP mode. [for example, SET (SYSCR1).7]

STOP mode includes a level sensitive release mode and-an edge-sensitive release mode, either of
which can be selected with RELM (bit 6 in SYSCR1).

a. Level-sensitive release mode (RELM = 1)
In this mode, STOP mode is released by setting the STOP pin high. This_- mode is used for
capacitor back-up when the main powersupplyiscut off and long term battery back-up.
When the STOP pin input is high, executing an instruction which starts-theé STOP mode will not
place in STOP mode but instead will immediately start the releasesequence (Warm-up). Thus, to
confirm that the STOP pin input is Jow. The following method\can be used for confirmation:
Using an external interrupt inputINT5 (INT5 is a falling edge-sensitive input).

Example: Starting STOP modé with.an INTS interrupt:

PINT5: TEST (P7).6 ; To rejectnoisg, the STOP mode does not start if
JRS F, SINT5 port P76 is at high.
LD (SY'SCR1),,01000000B ; Sets up the level-sensitive release mode.
SET (SYSCR1W)-/7 ~Starts STOP mode
LDW/ A1L)/1110011101010114B~; 1012, 11, 7, 5, 3 « 0 (clears interrupt latches)
SINT5.—RETI

STOP pin \ : 7;£V'H \

coorsn._ (TR I

1 [} 1
NORMAL ' STOP mode ' Warm-up  —>l<—— NORMAL operation
operation

o~
N~

N~
~~

Confirm by program that STOP mode is release by the hardware.

the' STOP pin input is low ;
and-start STOP mode. A.Iw.ays re!ea§ed ifthe STOP
pininputis high.

Figure 1-18. Level Mode

Note 1:  After warm-up start, even if STOP pin input is low again, STOP mode does not restart.
Note2: When changing to the level-sensitive release mode from the edge-sensitive release mode, the release
mode is not switched until a rising edge of the STOP pin input is detected.
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b. Edge mode (RELM = “0")
In this mode, STOP mode is released by a rising edge of the STOP pin input. This is used in
applications where a relatively short program is repeatedly executed at periodic intervals. This
periodic signal (for example, a clock from a low-power consumption oscillator) is input to the
STOP pin.
In the edge-sensitive release mode, STOP mode is started even when the STOP pin input is high.

Example : Starting STOP mode operation in the edge-sensitive release mgde
LD (SYSCR1), 00000000B ; OUTEN <0 (specifies high-impedance)

DI ;IMF <0

SET (SYSCR1). STOP ; STOP «(1((activates STOP mode)
LDW (IL),1110011101010111B ;IL7, 5, 3 << 0(clears interrupt latches)
El s IMFe—1

N~
N~

STOP pin : \ %V'H \ / \

XOUT pin | | | i
1
' I NORMAL /1

1
NORMAL __»be—— STOPmode —¥j-Warm-up >l ooeration Sré<—STOP mode —

/

STOP mode is releasedby the hardware at the rising
edge-of STOP pin input.

N N
EVENERVEN

operation /
STOP mode started
by the program.

Figure 1-19.-Edge-sensitive'Mode

STOP mode is released by the following|sequence:

® The oscillator is turned-on:

@ A warming-up period is inserted to allow oscillation time to stabilize. During warm-up, all
internal operations.remain/halted. Fourdifferent warming-up times can be selected with
WUT (bits 3 and 2.in'SYSCR1) as determined by theresonator characteristics.

@ When the warminig-up time has elapsed;-normal operation resumes with the instruction
following-the STOP mode start instruction~ The start is made after the divider of the timing
generatoriscleared to “0”.

Table 1-2. Warming-up Time example

Warming-up‘Time [ms]
WUT atfc =4.194304 MHz at fc=8 MHz
00 46.87 24.57
01 15.62 8.19
10 11.73 6.15
1" 3.91 2.05

Note: The warming-up time-is obtained by dividing the basic clock by the divider: therefore, the
warming-up time may include a certain amount of error if there is any fluctuation of the
oscillation frequency when STOP mode is released. Thus, the warming-up time must be
considered an approximate value.

STOP mode can also be released by setting the RESET pin low, which immediately performs the
normal reset operation.
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Note: When STOP mode is released with a low hold voltage, the following cautions must be
observed.
The power supply voltage must be at the operating voltage level>before releasing STOP
mode. The RESET pin input must also be high, rising together| with the power supply
voltage. In this case, if an external time constant circuit has been connected, the RESET pin
input voltage will increase at a slower rate than the power supply.voltage. At this time,
there is a danger that a reset may occur if input voltage-level of the RESET pin drops below
the non-inverting high-level input voltage (hysteresis input):

(2) IDLE mode (IDLE)
IDLE mode is controlled by the system control 7
register 2 (SYSCR2) and maskable interrupts. The Starting IDLE mode
following status is maintained during IDLE mode. 2yinstuclion

@ Operation of the CPU and watchdog timer CPU, WDT are halted
is halted. On-chip peripherals continueto

|
operate.
@ The data memory, CPU registers, PSW, and Resetinput
port output latches are all held in the status

in effect before IDLE mode was entered.

No
@ The program counter holds the' address of
. . i Interrupt request
the instruction after thle follewing
Normal ) v
es

instruction which started IDLE-mode. release mode

Reset

Example : Starting IDLE mode.
SET (SYSCR2).4

Yes (Interrupt release mode)

IDLE mode includes a normal reléase mode and an

interrupt release mode. Selection' js made with the Interrupt processing
interrupt master enable-flag (IMF). Releasing-the —>|
IDLE mode returns to NORMAL), Execution of the
instruction which follows
a. Normal'rélease mode (IMF =“0") the IDLE mode start
IDLE mode.is released by any interrupt-source nstruction
enabled by the.individual interrupt enable flag %

(EF) or an external interrupt-0~(INTO) request.
Execution resumes with the-instruction Figure 1-21. IDLE Mode
following the IDLE mode start instruction. The

interrupt Tatch (IL) of the interrupt source for a

releasing the IDLE modé-cleared to “0” by load

instruction.

b.Interrupt release mode (IMF = “1")
IDLE mode is released and interrupt processing is started by any interrupt source enabled with
the individual interrupt enable flag (EF) or an external interrupt 0 (INTO) request. After the
interrupt is processed;. the execution resumes from the instruction following the instruction
which started IDLE mode.

IDLE mode can also be released by setting the RESET pin low, which immediately performs the
reset operation.

Note: When a watchdog timer interrupt is generated immediately before the IDLE mode is
started, the watchdog timer interrupt will be processed by IDLE mode will not be started.
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1.9

Interrupt Controller

The 87C408/808/408L/808L each have a total of 10 interrupt sources: 4 externals and 6 internals. Nested
interrupt control with priorities is also possible. Two of the internal sources are pseudo non-maskable
interrupts; the remainder are all maskable interrupts.

Interrupt latches (IL) that hold the interrupt requests are provided for interrupt'sources. Each interrupt
vector is independent. The interrupt latch is set to “1” when an interrupt request is generated and
requests the CPU to accept the interrupt. The acceptance of maskable interrupts can be selectively
enabled and disabled by the program using the interrupt master/enable 'flag (IMF) and the individual
interrupt enable flags (EF). When two or more interrupts are generated simultaneously, the interrupt is
accepted in the highest priority order as determined by the hardwatre. Figure 1-23 shows the interrupt
controller.

Table 1-3. Interrupt Sources

Interrupt Source Enable Condition Interrupt \Vecte Table Priority
Latch Address
IE;&T:;{ (Reset) Non-Maskable —< FEEEy High 0
Internal [ INTSW  (Software interrupt) Pseudo non- — FFFCyH 1
Internal | INTWDT (Watchdog timer interrupt) Raskable 1L FFFAYL 2
External |INTO (External interrupt 0) IME =1, INTOEN =1 It FFF84 3
Internal [ INTTC1  (16-bit timer/ counter 1 interrupt) IME > EFg=1 Ly FFF6y 4
External |INT1 (External interrupt 1) IMF - EF5 =1 L5 FFF4y 5
Internal | INTTBT (Time base timer interrupt) IMF - EFg="1 ILg FFF2y 6
External |[INT2 (External interrupt 2) IMF -EF7=1 ILy FFFOy 7
RESERVED
Internal |[INTSIO  (Serial interface\interrupt) IMF < EEg=11 ILg FFECy 8
RESERVED
RESERVED
RESERVED
RESERVED
Internal [INTTC2 (16-bit timer/counter 2 interrupt) IMF - EF14=1 IL14 FFE2y 9
External [INT5 (External interrupt 5) IMF - EF15=1 IL15 FFEOH Low 10
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(1) Interrupt Latches (IL15to IL2)

Interrupt latches are provided for each source, except for a software interrupt. The latch is setto “1”
when an interrupt request is generated, and requests the CPU to accept the interrupt. The latch is
cleared to “0” just after the interrupt is accepted. All interrupt latches are'initialized to “0” during
reset.

The interrupt latches are assigned to addresses 003C and 003Dy in the SFR. \Each latch can be cleared
to “0" individually by an instruction; however, the read-modify-writfe instruction such as bit
manipulation or operation instructions cannot be used (Do/not clear IL2\for a watchdog timer
interruptto “0"). Thus, interrupt requests can be canceled and initialized by the program. Note that
interrupt latches cannot be directly set to “1” by any instruction, The contents of interrupt latches
can be read out by an instruction. Therefore, testing interrupt requests)by software is possible.

Example 1: Clears interrupt latches

LDW (IL), 1111110100111114B ;\ILg to Ng<-0
Example 2: Reads interrupt latches

LD WA, (IL) ALY, Al
Example 3: Tests an interrupt latch
TEST (IL).7 L7 =1 then jump

JR F, SSET

SSET:
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(2) Interrupt Enable Register (EIR)

The interrupt registers (EIR) enable and disable the acceptance of interrupts except for the pseudo
non-maskable interrupts (software and watchdog timer interrupts).- Pseudo non-maskable
interrupts are accepted regardless of the contents of the EIR; however, the pseudo non-maskable
interrupts cannot be nested more than once at the same time.

The EIR consists of an interrupt master enable flag (IMF) and individual interrupt enable flags (EF).
These registers are assigned to addresses 003AH and 003By in the SFR; and, canbe read and written
by an instruction (including read-modify-write instructions such-as bit manipulation instructions).

@ Interrupt Master Enable Flag (IMF)

The interrupt master enable flag (IMF) enables and disables the dcceptance of all interrupts.
Clearing this flag to “0" disables the acceptance ofall'maskable interrupts, -Setting to “1”
enables the acceptance of interrupts.

When an interrupt is accepted, this flag is cleared-to “0” to temperarily disable the
acceptance of maskable interrupts. After exécution of-the interrupt-service program, this
flag is set to “1” by the maskable interrupt\return)instruction-[RETI] \to )again-enable the
acceptance of interrupts. If an interrupt request has already occurred-interrupt service
starts immediately after execution of the [RETH] instruction.

Pseudo non-maskable interrupts are returned by the [RETN] in§tfuction. In this case, the IMF
is set to “1” only when pseudo non-maskable interrupt service“is started with interrupt
acceptance enabled (IMF=1). Note-that IMF remains “0” when“cleared by the interrupt
service program.

The IMF is assigned to bit 0 at address 003Ay in the SFR, and ctan be read and written by an
instruction. IMF is normally set and cléared by the [El] and [DI] instructions, and the IMF is
initialized to “0” during reset.

Individual Interrupt Enable Flags (EF 5 to EF4)

These flags enable and disable the acceptance of individual maskable interrupts, except for
an external interrupt\0. Setting the correspending bit of an individual interrupt enable flag
to “1" enables acceptanceof an interrupt, setting the bit to “0” disables acceptance.

Example 1: Sets EFfor individual interrupt-enable,.and sets IMF to “1”

LDW (EIR), 1100000010100001B ; EFqs5, EFq4, EF7, EF5, IMF&1
Example?: Séts-anindividual interruptenable flag to “1”

SET (EIRH):1 ;  EFge-1

Interrupt latch

(03¢, 003D, [t i lbia i 0 T 0 F 0§ 0 ot 0 [y {lg flls by iy { iy |

Interrupt enable register

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

ILy; (003/) 1L (003C)
(Initial value: 00000000 000000%*)
EFa: 0 /0 ©0- 0 iEFg: O |EF, : EFg  EFs i EFg | i & IMF

EIR [eF _
(003AH,003BH)\ A5 - - - - - - J J Cidelk.. 2 P A

EIRL (003AR)

EIRy (0038
R {00350 (Initial value: 00000000 0000**+0)

Note 1: Do not use any read-modify-write instruction such as bit manipulation for clearing IL.
Note 2: Do not clear the IL2 by an instruction.
Note 3: Do not set IMF to “1” during non-maskable interrupt service programs.

Figure 1-24. Interrupt Latch (IL) and Interrupt Enable Register (EIR)
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1.9.1 Interrupt Sequence
An interrupt request is held until the interrupt is accepted or the interrupt latch is cleared to “0” by a
reset or an instruction. Interrupt acceptance sequence requires 8 machine cycles after the completion of
the current instruction execution. The interrupt service task terminates upon execution of an interrupt
return instruction [RETI] (for maskable interrupts) or [RETN](pseudo non-maskable interrupts). Figure 1-
25 shows the timing chart of interrupt acceptance and interrupt return instruction.
(1) Interrupt acceptance
Interrupt acceptance processing is as follows:

® The interrupt master enable flag (IMF) is cleared to_“0" to-téemporarily disable the
acceptance of any following maskable interrupts. When-a-non-maskable interrupt is
accepted, the acceptance of any following interrupts is temporarily disabled.

@ The interrupt latch (IL) for the interrupt source accepted.iscleared o “0"

@ The contents of the program counter and the program status word are saved (pushed) onto
the stack. (pushed down in order of PSW, PCH,~P€.). The stack pointer (SP)"is three
decrements.

@ The entry address of the interrupt service program is read from the \vectortable address
corresponding to the interrupt source, and _the entry address isloaded to the program
counter.

® The instruction stored at the entry address of the interrupt service program is executed.

Interrupt service task

1 machine cycle

= 1 1 1 1 1 1 1 A4\l

Al
\

Interrupt
signal

Interrupt
latch

\Y'

Instruction nstructi
execution L",?é?d%,%%” Interruptacceptance Xséca%}:o%n RETI instruction execution

0 (s SIS O & &

Note 1:a; return address. b, entry address ¢ ~address when the RETI instruction is stored
Note 2: The maximum response time from~when-an_IL js set until an interrupt acceptance processing starts is
38/fcgck[s]. It equals to setting the IL-on'the first machine cycle in 10 cycles instruction execution.

1

IMF

LJ--

Figure-1-25> Timing chart of Interrupt'acceptance and Interrupt return Instruction

Example: Correspondence between vector table address for INTTBT and the entry address of the interrupt
service program.

Vectortable address Entry address

F203y
F204y
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A maskable interrupt is not accepted until the IMF is setto “1” even if a maskable interrupt of higher
priority than that of the current interrupt being serviced. In case of nested interrupt service is
necessary, the IMF is set to “1” in the interrupt service program. In this case, acceptable interrupt
sources are selectively enabled by the individual interrupt enable flags. However, an acceptance of
external interrupt 0 cannot be disabled by the EF, therefore, if disablement is necessary, either the
external interrupt function must be disabled with the external interrupt control register (INTOEN) or
interrupt processing must be avoided by the program. (When INTOEN =0, the-interrupt latch IL3 is
not set, therefore, the falling edge of the INTO pin input cannotbe detectéd?)

Example 1: Disables an external interrupt 0 using INTOEN:

CLR (EINTCR). INTOEN ;INTOEN<-O

Example 2: Disables the processing of external interrupt 0 under the software control (using bit 0 at

(2)

address 00F0y as the interrupt processing disable switch):

PINTO: TEST (00FOy).0 ; Returnswithoutinterrupt processingif(00F0K)o = 1.
JRS T, SINTO
RET i

SINTO: HInterrupt processing_
RETI

VINTO: DW PINTO

General-purpose register save / restore
During interrupt acceptance processing, the program ceunter_and“thé program status word are
automatically saved on the stack, but-net the~accumulator and-other registers. These registers are
saved by the program if necessary:_Also, when nesting.multiple interrupt services, it is necessary to
avoid using the same data memalry area for saving registers:
The following method is used to save /restore the general-purposé registers:
@® General-purpose registér save / restore by register bank changeover:
General-purpose registersican be saved athigh-speed by switching to a register bank that is
not in use. Normally, bank 0 is used for the-main task and banks 1 to 15 are assigned to
interrupt service tasks. To increase theefficiency of data memory utilization, the same bank
is assigned-fonintérrupt sources which-are not-nésted.
Thie/switched bank’is automatically restored by executing an interrupt return instruction
[RETH or [RETN]. Therefore, it isnotnecessary for a program to save the RBS.

Example: ~/ Register Bank'Changeover

PINTxx: LD RBS, n ™. - ; Switchesto bank n (1 us at 8 MHz2)
: Interrupt processing '
RETI ; Restores bank and Returns
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@ General-purpose register save / restore using push and pop instructions:

To save only a specific register, and when the same interrupt source occurs more than once,

the general-purpose registers can be saved/restored using push/gop instructions.

Example:  Register save using push and pop instructions
PINTxx : PUSH WA ; Save WA register pair
PUSH  HL ... ; Save HL register pair
:..Interrupt processing _ :
POP HL ; Restore HLregister pair
POP WA ; Restore WA register pair
RETI ; Return
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Address (Example)
SP —>| 0138
.............................. o T Y
.............................. R ree BN S
............................. o =YY ra
S s I s b I e A Bt o0
........ S PCL ~peT N (74
....... S PCH S RV P
P P nPSW L sp e |03
At acceptance of At execution of a push At execution of a pop Atexecution of an interrupt

instruction-of WA feturn instruction

register

instruction of WA
register

aninterrupt

@ General-purpose registers save/restore using data transfer)instruction:
Data transfer instructions can be used to save only a'specifi¢c general-purpose register during
processing of a single-interrupt.

Example: Saving /Restoring registers by/data memory transfer instructions

PINTxx : LD, (GSAVA), A s \Save A register

LB A, (GSAVA) ; Restore Aregister
RETI ; Return

Main task Main task

Acceptance  Interrupt Acceptance  Interrupt

Bank m |©Ofinterrupt  servicetask of interrupt  service task

m Switch to bank n by Saving
[LD RBS, n] instruction registers
n
.......................

m Interruptreturn festore k?ank :
automatically by Restoring
interrupt return registers
inStruCtiOn ......................

| Interrupt return
(a) Saving/ Restoring by register bank changeover (b) Saving/ Restoring using push/pop transfer instructions

Figure 1-26. Saving/Restoring General-purpose Registers
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(3) Interruptreturn
The interrupt return instructions perform the following operations.

[RETI] Maskable interrupt return

[RETN] Non-maskable interruptreturn

@ The contents of the program counter and

the program status word are restored
from the stack.

The stack pointer is incremented 3 times.

The interrupt master enable flag is set to

S

The contents of the program'counter and
program status word are-restored from
the stack.

The stack pointerisincremented 3 times.

The interrupt master enable flag is set to

"y

only when-.a hon-maskable interrupt
is accepted in interrupt enable status:
However,the.interrupt master enablé flag
remains at “0" when so clear /by an
interruptsetvice program.

Interrupt requests are sampled during the final cycle of the.instruction being executed.' Thus, the next
interrupt can be accepted immediately after the interrupt retutn instructiorvis-executed.

Note: When the interrupt processing time is longer-than the interrupt request generation time, the
interrupt service is performed but not the-main task.

1.9.2 Software Interrupt (INTSW)
Executing the [SWI] instruction generates. a.software dniterrupt and immediately starts interrupt
processing (INTSW is highest prioritizédinterrupt). However,'if processing of a non-maskable interrupt is
already underway, executing the SWhinstruction will not generate. a-software interrupt but will result in
the same operation as the [NOP] instruction:

Note: Software interrupt generates during non-maskable interrupt processing to use SWI instruction
for software break i a development tool.

Use the [SWI] instfuction only for detection of the/address error or for debugging.
@® Address Error Detection

FFy is-read if for some cause such as noise the CPU attempts to fetch an instruction from a
non-existent.memory address. Code FFy is the SWI instruction, so a software interrupt is
generated and an address-error is detected. The address error detection range can be
further expanded by writing FFyto unused areas of the program memory. Address-trap-
feset is generated for instruction fetch from a part of RAM area (addresses 0040 to 013Fy) or
SER area (0000 to 003Fy).

Note: The fetch data from addresses, BF80 to BFFFy for 87C408/808/408L/808L and
87P808/808L is not “FFy”, because the outgoing test ROM is contained.

@ Debugging
Debugging efficiency can be increased by placing the SWI instruction at the software break
point setting address.
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1.9.3 External Interrupts
The 87C408/808/408L/808L each have four external interrupt inputs. Two of these are equipped with
digital noise rejection circuits(pulse inputs of less than a certain time are eliminated as noise).
Edge selection is also possible with INT1, INT2 pin. The INTO / P10 pin can be configured as either an
external interrupt input pin or an input/output port, and is configured as an input port during reset.
Edge selection, noise rejection control and INTO / P10 pin function selection ‘are performed by the
external interrupt control register.

Table 1-4. External Interrupts

Source Pin fﬁﬁi%giagiyn Enable conditions Edge Digital noise rejection circuit
INTO INTO P10 IMF=1, INTOEN =1 Falling edge =—(Hysteresis input)
Pulses of less than/15/f¢ er 63/fc[s]
) are eliminated as 'noisex_Pulses
INT1 INT1 P11 IMF - EF5=1 Falling'edge equal to or mofe than_48/fc [s] or
by 192/f¢ [s] are regarded as signals.
Risitgedge | 2L S 0 s nolse. pLloes soul v
INT2 INT2 P12/7Ch IMF - EF7 =1 or more than 24/fc([s]-are regarded
as signals.
INT5 INT5 P76 /STOP IMF - EF15=1 Falling edge — (Hysteresis input)

Note 1: The noise rejection function is also affected to detect the'edge of Timer/ Counter'input (TC1 pin).
Note 2: The pulse width (both "H” and “L” level) for input to the INTO and INT5 pins must be-6ver 1 machine cycle.

INTO/INT5 input

T ) tNTH PUnTLiNTA > teye
Note: teyc = 4/fcgck [s] at NORMAL, IDLE mode

Note 3: If a noiseless signal is input to the exterpal interrupt pin in the-NORMAL or IDLE mode, the maximum time from the
edge of input signal until thelLjisset is as follows:

@ INT1 pin49ifc [s](atINTINCQ = 1), 193/fc [s] (at INTINC=0)
@ INT2 pin'25/fc[s]

Note 4: When INTOEN =0, the interrupt latch IL3 is.not set evén'if the falling edge of INTO pin input is detected.

Note 5: When high-impedance is specified for port output.in STOP mode, port input is forcibly fixed to low level internally.
Thus, interrupt latches-of external intercupt inputs-except P76 (STOP / INT5) which are also used as ports may be set
to “1”. To specify high-impedance for port output in STOP mode, first disable inteerupt service(IMF =0), activate
stop-modeé. After releasing stop mode, clear interrupt latches using load instruction, then, enable interrupt service.

Example: Activating stop mode

LD  (SYSCR1), 01000000B ; OUTEN<O (Specifies High-impedance)
DI ; IMFe0

SET (SYSCR1)\,. STOP ; STOP<«1 (Activates STOP mode)

LDW (1), M11111101010111B ; IL7, 5, 3«0 (Clears interrupt latches)
El 5 IMFe1
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6 5 4 3 2 1 0

7
EINTER [ g ] g
(0037,

© (Initial value: 00%# %00%)

. . : 0: Pulses of less than 63/fc [s] are eliminated-asnoise

INT1N INT1 |

¢ noise reject time select 1: Pulses of less than 15/fc [s] are eliminated as'noise

TR . . 0: P10 input/ output port
INTOEN P10/INT! fi . .
0 07INTO pin configuration 1: INTO pin (Port P10 should be set to-arvinput mode.)
INT2 ES 0: Rising edge
INT2, INT1 edge select .

INT1ES 1: Falling edge

Note: fc; clock[Hz] *,;Don’t care

Figure 1-27. External Interrupt Control Register

1.10 Watchdog Timer (WDT)
The Watchdog Timer rapidly detects the CPU malfunction such as endless logping caused by noise or the
like, and resumes the CPU to the normal state.
The Watchdog Timer signal for detecting malfunction can-be selected either;a reset output or a non-
maskable interrupt request. However, selection is. possible.only once after reset:
After reset, the signal is initialised to the reset output:
When the Watchdog Timer is not being used formalfunction detection, jit.can be used as a timer to
generate an interrupt at fixed intervals.
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1.10.1 Watchdog Timer Configuration

Reset rélease

fc/ 28 —>| § Binary Counter LR
21— Clock
T‘E;;W % Overflow J_)Houtput Reset output
4 [—
fc/27 —>| » Clear | ! 2 )_ 5.Q _D_D RESET
—
Interrupt request
2// : > prea INTWDT
Internal reset
Q
S R
WDTEN Writing Writing
WDTT . WDTOUT
disable code | clear ¢ode

Controller

0034H 0035H

WDTCR1 WDTCR2

Watchdog Timer Control Registers

Figure 1-28—Watchdog Timer Configuration

1.10.2 Watchdog Timer Control
Figure 1-29 shows the Watchdog (Timer control registers. The Watchdog Timer is automatically enabled
after reset.

(1) Malfunction detectionimethods using the Watchdog Timer

The CPU malfunction is detectéd as follows.

@ setting thé detection time, selecting 6utput, and clearing the binary counter.

@ Repeatedly clearing the binary counterwithin the setting detection time.
If the CPU malfunetion occurs for any cause; the Watchdog Timer output will become active at the
rising of an overflow from the binary counters unless the binary counters are cleared. At this time,
when"WDTOUT =1 a reset is generated;.which drives the RESET pin to reset the internal hardware.
When WDTOUT/= 0, a Watchdog Timer interrupt (INTWDT) is generated.
The Watchdog Timer temporarily stops counting in the STOP mode including warm-up or IDLE mode,
and automatically restarts (continues counting) when the STOP/IDLE mode is released.
Example:~Sets the Watchdog-Timer.detection time to 221/f¢[s] and resets the CPU malfunction.

LD (WDTCR2), 4EH ; Clearsthe binary counters
LD (WDTCR1), 00001101B ; WDTT«10, WDTOUT«1
N ~ LD (WDTCR2), 4EH ; Clearsthe binary counters
\C?Q'.tteé"t‘ingT ! (Always clear immediately after changing WDTT)
time :
= LD (WDTCR2), 4EH ; Clearsthe binary counters
Within WDT :
detection
time i
L LD (WDTCR2), 4EH ; Clearsthe binary counters

3-08-35 2001-01-22



TOSHIBA TMP87C408/808/408L/808L

Watchdog Timer Control Register 1

WoTCRl et B S A3 2 10
7 T R A -l I L (Initial value ~ »xx+(1001)
Watchdog timer enable /| 0: Disable (itis necessary towrite the disable code to WDTCR2.)
WDTEN .
disable 1: Enable
00: 2% /fc  [s] ]
Watchdog timer detection | 01: 223/1c write
WDTT | time 10: 22/ f¢ only
11: 29/ fc¢
WDTOUT Watchdog timer output| O: Interruptrequest
select 1: Reset output

Note 1: WDTOUT cannot be set to “1” by program after clearing WDTOUT to "0”.
Note 2: fc,; clock[Hz] *,; Don’t care
Note 3: WDTCR1 is a write-only register and must not be used with-any of read-modify-write ifstructions.
Note 4: Disable the Watchdog Timer or clear the counter just before switching to STOP mode,
When the counter is cleared just before switching te STOPmode, clear the counter again
subsequently to releasing STOP mode.

Watchdog Timer Control Register 2
7 6 5 4 3 2 1 0
WDTCR2 | : : : : : : : |
(0035H) N M M H M M H

(Initial value **&¥ xxx%)

4E,: “Watchdog Timer binary counter clear
. (clear code)
WatCthQ T|.mer control Bly: “Watchdog Timer disable
code write register ;
(disable code)

Others: Invalid

write

WDTCR2 only

Note 1: The disable code is invalid unless written'when WDTEN-= 0.

Note 2: *; Don’t care

Note 3: Since WDTCR2 is a write-only register, read-modify-write instructions (e.g., bit manipulating instructions
such as SET of CLR and-arithmetic.instructions such as AND or OR) cannot be used for read/write to this
register.

Note 4: To clear the binary counter doesn’t initialize thesource clock, therefore, it is recommended to clear the
binary counter within3/4 of the detection period.

Figure 1-29. Watchdog Timer-Control Registers

(2) WatchdogZimepEnable
The Watchdog Timer is enabled by setting-WDTEN (bit 3 in WDTCR1). WDTEN is initialized to “1”
during reset, so the Watchdog Timer operates immediately after reset is released.

(3) Watchdog Timer Disable
The Watchdog Timer is disabled by writing-the disable code (B1y) to WDTCR2 after clearing WDTEN
(bit 3 in WDTCR'™) to “0”. The Watchdog Timer is not disabled if this procedure is reversed and the
disable codeis-written to WDTCR2 before WDTEN is cleared to “0”. During disabling the Watchdog
Timer, the binary counters arecleared to “0”.

Example:/ Disables Watchdog Timer
LDW / (WDTCR1)), 0B101H ; WDTEN«0Q, WDTCR2«disable code

Table1-5. Watchdog Timer Detection Time

Detection time
WDTT fc=8 MHz
00 4194
01 1.048s
10 262.1ms
1 65.5ms
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1.10.3 Watchdog Timer Interrupt (INTWDT)
This is a pseudo non-maskable interrupt which can be accepted regardless of the contents of the EIR. Ifa
Watchdog Timer interrupt or a software interrupt is already accepted, however, the new Watchdog
Timer interrupt waits until the previous interrupt processing is completed (the end of the [RETN]
instruction execution).
The stack pointer (SP) should be initialized before using the Watchdog Timer eutput as an interrupt
source with WDTOUT.
Example: Watchdog Timer interrupt setting up.
LD SP, 013FH ;  Setsthe stack pointer
LD (WDTCR1), 00001000B ;. WDTOUT«0

1.10.4 Watchdog Timer Reset
If the Watchdog Timer output becomes active, a reset is generated;which drives the RESET pin low to
reset the internal hardware. The reset output time is 12/fcgck to. 16/fcgck [s] (1.5 to 2.0%us'at 8 MiHZ, 3.0 to
4.0 us at 4 MHz). The RESET pin is sink open drain input / outputwith pull-up resistor.

2"%/fc [s] _

i 2
Clock LT L L 7L -
Binary counter 1 x 2 XEX 0o X 1 X 2 X 3 X 0
Overflow
INTWDT interrupt "

S 7N N Y ¥
WDT reset output T (Hi-2) I("L” output)
Writes 4Erto WDICR2

Figure'1-30.) Watchdog TimerInterrupt / Reset

1.11 Reset Circuit
TMP87C408/808/408L/808L each-have four types/of reset generation procedures: an External reset input,
an Address trap reset, aMWatchdog Timereset and/a/System clock reset.
Table 1.8 showsan-chip’hardware initialization by resetaction.
The internal sourcereset circuit (Watchdog Timerreset, Address trap reset, and System clock reset) is not
initialized when poweristurned on:Thus;-output from the RESET pin may go low (maximum 16/fc[s] (2
s at 8 MHz, 4 us at 4 MHz)).

Table 1-8. On-chip Hardware Initialization by Reset Action

On=chip-Hardware Initial Value On-chip Hardware Initial Value
Prescaler and Divider of Timing
Program counter (PC) (FEFFy) - (FFFER) 0
generator
Registerbank selector RBS, 0
9 (RBS) Watchdog Timer Enable
Jump-status flag (JF) 1
Interrupt master enable fla IMF 0 Refer to I/0 port
R L ° (MR Output latches of input/output port | . . P
Interrupt individual enable flags (EF) 0 circuitry
. Refer to control
Interrupt latches (IL) 0 Control register .
registers
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1.11.1 External Reset Input
The RESET pin contains a hysteresis input with an internal pull-up resistor. When the RESET pin is held at
low for at least 3 machine cycles (12/fcgck [s]) with the power supply voltage within the operating
voltage range and oscillation stable, a reset is applied and the internal state is initialized.
When the RESET pin input goes high, the reset operation is released and the pragram execution starts at
the vector address stored at addresses FFFE to FFFFy.

VDD
RESET Reset input
Watchdog Timer |
Internal source -
o Address trap.detection |
reset output circuit
Sink open drain Systeny clock detection |

Figure 1-31. ResetCircuit

1.11.2 Address Trap Reset
An Address trap reset is one of fail-safe functionthatdetects CPU malfunction caused by noise or the like.
If the CPU attempts to fetch an instruction from a part.of RAM or SFR, an internal reset will be generated.
Then, the RESET pin output will go low. Thereset time is 12/fegck-to 16/fcgek/[s] (1.5 1o 2.0 us at 8MHz,
3.0t0 4.0 us at 4 MHz).

InStruc.tion JP a (reset release Xinstruction ataddressr
execution i f
________ Address trap-is‘occurred _________i______:______

RESET output 1 “L output) [ (Hi-2)i |

L, T 1

: : | |

T 1 I 1

t : ' '

R 2/fcgck to 16/fcgek [s] H 4ffcgck to 16/fcgek [s] i 16/fcgck [s] i

Note/1:a is an address.in on-chip RAM-or SFR.
Note 2: Duringresetreléase, reset vector “r” isreadout, and an instruction at address r is fetched and decoded.

Figure1-32. Address Trap Reset

1.11.3 Watchdog Timer Reset
Refer to/Section “1.10 Watchdog Jimer”.

1.11.4-_System Clock Reset
Clearing XEN to “0” (stops.a system clock, and causes CPU to deadlock. This can be prevented by
automatically generating’a reset-signal whenever XEN =0 is detected to continue the oscillation. Then
the RESET pin output goes low-._The reset time is 12/fcgck to 16/fcgek [s] (1.5 to 2.0 us at 8MHz, 3.0 to 4.0
s at &NHz).
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2.  On-Chip Peripherals Functions

2.1 Special function register (SFR) and Data Buffer Register (DBR)
The TLCS-870 Series uses the memory mapped 1/O system, and all peripheral control and data transfers
are performed through the special function registers (SFR) and data buffer registers (DBR).
The SFR are mapped to addresses 0000 to 003Fy, and the DBR to addresses OFFQ_to/QFF7y. Figure 2-1
shows the 87C408/808/408L/808L SFR, DBR.

Address Read Write Address Read Write

0000y reserved 00204]s105R (SIO status) SIOCR1

OF STOPCR (Key-Wake-up control)

10 CGCR (Clock Gear control)

14 Watchdog Timer
15 control

(a) —Special Function Register

Note 1: Do not access reserved areas by the program.
Note 2: - ; cannot be accessed.

Note 3: When defining address 003Fy with assembler

symbols, use GPSW and GRBS.

Note 4: Write-only registers and _interrupt latches
)SI0 . - cannot use the read-modify-write instructions
transmit and feceive (bit manipulation instructions such as SET,
F4 data buffer CLR, etc. and logical operation instructions

F5 (8 byte) such as AND, OR, etc.)
Es ...................... Note 5: PSW ; Program Status Word
OFF8 reserved
to T 4 ¥
OFFF

(b) Data Buffer Registers

Figure 2-1. SFR & DBR
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2.2 /O Ports
The 87C408/808/408L/808L each have 3 ports, 22 pin input/output ports.
@ P1port ;8-bitl/Oport (Externalinterruptinput, Timer/Countetinput/output, and Divider
output)
@ Pe6port ;8-bitl/Oport (Analoginput, STOP mode release input)
@ P7port ;6-bitl/Oport (Serial interface, External interrupt, Timer/Gounter input / output,
and Analog reference power supply)
Each output port contains a latch, which holds the output data. All.input ports\do not have latches, so
the external input data should either be held externally until read. or reading should be performed
several times before processing. Figure 2-2 shows input/output timing examples.
External data is read from an I/O port in the S1 state of the read\cycle during execution of the read
instruction. This timing can not be recognized from outside, sothat transient input such-as chattering
must be processed by the program. Output data output changes in the S2 state of the write cycle during
execution of the instruction which writes to an I/0 port.

. fetchcycde  fetchcycle | \read'cyde
I T I 1

SO ST S2 S3 SO S1 S2 S3,S0-S1 S2 S3

Instruc.tion Example: LD A, (%) |
execution cycle _— T N I T R [ NN L1 R

Input strobe - - l_I "
Datainput - % W

(a). Input Timing

fetcheycle " fétchcycle  writecycle
I I I 1

SO S1\.S2 S3)S0 S1 S2 S3,S50\S1 S2 S3

Instruction

execution cycle E).(am'?le: ITD |(X)'|A. L1 |

Output latch pulsg’ <.\ . I I .

Data output « N\ X
(b) Output timing
Note: The positions of the read.an write cycles may vary, depending on the instruction.

Figure 2-2. Input/OQutput Timing (Example)

When reading. an I/O port except programmable I/0O ports, whether the pin input data or the output latch
contents are read depends on the-instructions, as shown below:

(1) —Instructions that read;ithe output latch contents
@ XCH r, (srq) ® LD (pp).b,CF
@ SET/CLR/CPL (sre).b ® ADD/ADDC/SUB/SUBB/AND/OR/XOR (src),n
@ SET/CLR/CPL (pp).g @ (src) side of ADD/ADDC/SUB/SUBB/AND/OR/XOR (src), (HL)
@ LD (src).b, CF
(2) Instructionsthatread the pin input data
Instructions other than the above (1) and (HL) side of ADD/ADDC/SUB/SUBB/AND/OR/XOR (scr), (HL)
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2.2.1 Port P1(P17 to P10)

Port P1 is an 8-bit input / output port which can be configured as an input or an output for each bit
individually. Input/output mode is specified by the port P1 input/output control register (P1CR). During
reset, the P1CR is initialized to “0”, which configures port P1 as an input. The Pt output latches are also

initialized to “0".

Port P1 is also used as an External interrupt input, a Timer/
Counter input, and a Divider output. When used as
secondary function pin, the input pins should be set to the
input mode, and the output pins should be set to the
output mode and beforehand the output latch should be
setto “1”. Itis recommended that pins P11 and P12 should
be used as External interrupt inputs, Timer / Counter input,
or input ports. The interrupt latch is set at the rising or
falling edge of the output when used as output ports. Pin
P10 can be configured as either an input / output ports

P1CRi

sToP
OUTEN D ED_‘

Data input

with INTOEN or an External interrupt input. During reset, output latch P1i
in P10 £ o . + + Control
pin Fllis contigureg as an input port. output
Control
7__6 5 4 3 2 1 N0 nput Note: i=7t00
P1 P17 { P16 : P15 : P14 P13 ! IKI1T22; P11 P10
(0001y) TC2 : PPG :DVO: Tci : INT/A m (Injtial value:  0000°0000)
7 6 5 4 3 2 1 0
PICR | : : : : : : | (Initial value:-0000 0000)
(000By)
P1CR I/0 control for port P1 0: Input mode Write
(set for each bit individually) 1: Output mode only
Note: P1CR is a write-only register and'must not be used with any of the read-modify-write instructions.
Figure 2-3. PorttandP1CR
Example: Sets P17,P16 and P14 as output/ports, P13 and P11 as input ports, and the others as

fanction pins. Internaleutputdatais “1” for the P17 and P14 pins, and “0” for the

P16 pin.
LD  (EINTCER);<01000000B
LD (P1), 101T11NB ;
LD  (P1CR), 11010000B

INTOEN«1

P17«<1, P14<1, P16<0

Note:The port set to an input mode reads pin input state. When used with input/output modes,
output latch contents-gf.the port set to an input mode may be placed by execution of bit
operate instruction:
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2.2.2 Port P6 (P67 to P60)

Port P6 is an 8-bit general-purpose input/output port which can be configured as an input or an output
for each bit individually. P60 to P65 are also used as Analog inputs and P624o P65 are also used as key
wake-up inputs. Input/ output mode is specified by port P6 input/output control register (P6CR) and
AINDS (bit 4 in ADCCR). During reset, P6CR issetto “0”, AINDS issetto “1”, and portP6.is in input mode.
During reset, the output latches of port P6 is initialized to “0”. P6CR is write-onlyregister. When port P6
is not used as analog input, it can be used input/ output port. However output instructions must not be
performed to maintain the precision at using A/D converter. When.the inpat instruction is executed to
port P6 during using A/D converter, “0” is read into the pin that selects-Analog’input, and “1” or “0” is
read into the pin that does not select Analog input, depending on theinputlevel of pins. In the case of
using port P6 as key wake-up inputs, please refer to Section “2.9 Key wake up”.

Analog input C)
STOP —_ODO_
OUTEN
ANDS — | v/ -
SAIN 4|:D—
P6CRi

Read D
Data input
Q 1 [] réiGi=0to5)

~
M
D%
Key wake-up input (—o@— P6i (i=2105)

D
STOP
ot L
P6CRi —

Data input

Data output

\I J
Data output—=>|p | \@ : 1> 4 D P6i(i=6,7)

Output latch

E’G ) 7 6 5 4 3 2 1 0
00061) P67 ; P66 : P65 . P64 | P63/: P62 i P61 i P60 "

: © AIN5-IAING  AIN3“ AIN2+-AINT_LAINO | (Initial value: 0000 0000)
:STOP5 :STOP4 : STOP3 :STOP2.; :

P6CR 7 6 5 4 3 2 1 0
(000Cy) | : : : : : : 5 | (nitial value: 0000 0000)
1/0 control for port P6 0: Input mode Write
RBCR (set for each bit individually) 1: Output mode only

Note T:Used analog'input pins or key wake-up input must be configured as input mode.
Note2: P6CR is a write-only register and must not be used with any of the read-modify-write instructions.

Figure 2-4. Port P6 and P6CR

Note: The port set to an input mode reads pin input state. When used with input/output modes,
output latch contents of the port set to an input mode may be placed by execution of bit operate
instruction.
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2.2.3 Port P7 (P77 to P72)
Port P7 is a 6-bit general-purpose input / output port which can be configured as either input or output
for each bit individually. Input / output mode is specified by port 7 input{/-output control register 1
(P7CR1). Input/output circuit is specified by port 7 input / output control register2 (P7CR2). During reset,
P7CR1 is cleared to “0", and port P7 is configured as an input mode. The output/latches are initialized to
“0". P7CR1 is write-only register. Itis recommended that pin P76 should be used as an external interrupt
input, a STOP mode release signal input, or an input port.
If used as an output port, the interrupt latch is set on the falling edge of the gutput pulse.
P77 is used as an analog reference power suppy pin (VAREF) if an analog.inputis’enabled (AINDS = 0).

STOP
OUTEN __°Dc
P7CR1i

gl
Datainput % ~
P7CR2i
Data output D Q y L D P7i (=210 5)

Control input 4—@_ P76 (INT5./ STOP)

STOP VAREF
OUTEN __ODC
P7CR17 }1
~N ~

Datainput
P7CR27 —&-
Data output D) A . 'I> i P77 (VAREF)
AINDS [>o
p7 7 6 5 4 3 2 1 0
(0007y) | P77 i P76 ™P75.: P74 i P73 | P72 :
Varer iSTOP/: SO R Sl SCK =2 N
SINTS 3 : : : : (Initial value: 0000 00**)
P7CR1 7 6 5 4 3 2 1 0
(000D4) | g g : g g BN (Initial value: 0000 00%*)
P7CR1 I/0 control for P7 0: Input mode Write
(set for each bit individually) 1: Output mode only
P7CR2 7 6 5 4 3 2 1 0
(0027,)) " : : : : : I (Initial value: 1111 11%%)
I/0 control for P7 0: Open draininput/output
P7CR2 (set for each bitindividually) 1: Tri-state input/ output RIW

Note: P7CR1 is a write-only register and must not be used with any of the read-modify-write instructions.

Figure 2-5. Port P7 and P7CR
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Note 1: The port set to an input mode reads pin input state. When used with input/output modes,
output latch contents of the port set to an input mode may be placed by execution of bit
operate instruction.

Note 2: In case of using port P65 to P62 as key wake-up input, P76 pin must be used)as input only (in
cluding INT5/STOP), must not be used as output port.

Note 3: *# ; Don’t Care

Example: The lower 2-bit of Port P7 is set to an output port and(the others are set to an input
port.
LD (P7CR1), OFH ;. P7CR1<00001111
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2.3 Time Base Timer (TBT)

The time-base timer is used to generate the fc/223 >—
base time for key scan and dynamic display fe/221 >— o
. . . fc/216 >— .~ |Source

processing. For this purpose, it generates a fe/21% >— o |clock
time-base timer interrupt (INTTBT) at fe/23 > @
predetermined intervals. /2?2 > o

. ; o : fcs2! >—w»
This interrupt is generated beginning with f/2® >
the first rising edge of the source clock (the S
timing generator’s divider output selected TRTCK
by TBTCK) after the time-base timer is —

enabled. Note that since the divider cannot
be cleared by a program, the first interrupt
only may occur earlier than the set

Rising INTTBT
edge > interrupt
detector|  request
TBTEN

Time Base.Timer Control Register
(a) ~Configuration

i i i lock
interrupt period. (See Figure 2-6, (b).) Sourceclock |
When selecting the interrupt frequency, g

L4

n ; o TBTEN :
make sure the time-base timer is disabled. < ;
(Do not change the selected interrupt : ; 5

T — INTTBT ! I (
frequency when disabling the active timer : ] !
either.) However, you can select the Enable TBT Interfupt period

interrupt frequency simultaneously when

(b) Time Base Timet Intérrupt

enabling the timer.

Figure 2-6\, \Time)Base Timer

7 6 5 4 3 2 1 0
TBTCR N )
(0036,,) |(nvosm> | (OVOCK) | 0 | TBTEN | [TBTCK | | (Initiakvalue:) 0**0 Qx*x)
Time Base Timer 0: Disable
TBTEN
enable/disable 1: Enable
000:fc/ 2?3 [Hz]
001:fc/ 2%
010:fc/ 28 R/W
TBTCK | Timebase'timer interrupt 01 11f€/2::
frequency select 100:f¢ /2
101:fcy 212
M0:fe/ 211
113 fc/ 29
Note 1:fc;  clock[Hz], *; Don’t care
Note 2:,The fourth bit in TBTCR must be to "0.".
Figure 2=7. Time Base Timer Control Register
Table 2-1.~Time Base Timer Interrupt Frequency [Hz]
TBTCK NORMAL, IDLE mode (at fc =8 MHz)
000 0.95
001 3.81
010 122.07
011 488.28
100 976.56
101 1953.12
110 3906.25
11 15625
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2.4 Divider Output (DVO)
A 50% duty pulse can be output using the Divider output circuit, which is useful for piezo-electric buzzer
drive. Divider output is from pin P13 (DVO). The P13 output latch should be%et to “1” and then the P13
should be configured as an output mode.

7 6 5 4 3 2 1 0
{g&%ﬁl) |DVOEN| DVQCK | 0 | (TBTEN) | (TBTCK), | (Initial value: 0**0/0**%*)
DVOEN | Divider output enable/disable 0: Disable
1: Enable
00: fc/2'3 [Hz] RIW
Divider output (DVO pin) 01: fc/ 212
bvock frequency selection 10: fc/2™"
11: fc/210
Note: fc,; High-frequency clock [Hz], *; Don’t care
Figure 2-8. Divider Output Control-Register
Example: 1kHz pulse output (at fc =8 MHZ)
SET (P1).3 ; P13 outputlatch <1
LD (P1CR), 00001000B ; Configures/P13 asan output mode
LD (TBTCR), 10000000B ; DVOEN«1,DVOCK«00
Table 2-2. Frequency of Divider Qutput [kHz]
DVOCK At fC £ 4 MHz At fc=8 VHz
00 0,512 0.976
01 1.024 1.953
10 2.048 3.906
11 4.096 7.812
Output fatch Output mode (P1CR3)
outputdata—>[>_ 2| - O > Je3mvo)

Selectol

fc/213 >—=HAK
fc/212 >>—8
fe /211 >=c Y
fc/210>—ng

2}

P13 output IatchJ | I
DVOCK DVOEN DVOEN _I L
Divider output control régister DVO pin —|_I-I_|—|_|—I_|—I_|—I_u—

(a) Configuration (b) Timing Chart

Figure 2-9. Divider Output
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TOSHIBA

16-bit Timer/Counter 1 (TC1)

2.5

2.5.1 Configuration
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2.5.2 Control

The Timer/Counter 1 is controlled by a Timer/Counter 1 control register (TC1CR) and two 16-bit timer
registers (TREG1A and TREG1B).

Timer register 15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
(T(;‘oEgro 011, | . _ TREGIA;(0011y) . | .  TREGIAN00105) . |
Write only
-(r[;{OEf;L;BOO‘l:?H) | ] ] TlREG‘IB'l'I (0013H) ] | ] ] -];REG1B'- (0012H) ] 1 |
Timer/Counter Read / Write{Write-avaitable in only PPG output mode)
7 6 5 4 3 2 1 0
SCAP1
TCI1CR TRF1 |VCAP! TC1S TC1CK TCIM {Initial.value: 0000 0000)
(0014y) MPPG1 ) ) )
00: Timer/ External-triggertimer/Event countermode
TCIM TC1 01: Windov.v mode
mode select 10: Pulse width'measurément mode
11: PPG (Programmable pulse generate) output modé
00: Internakclock fc/2" [Hz]
TC1CK TC1 01: Intérnalclock fc127
source clock select 10: Internal clock fcr23
1;_External clock (TC1 pin input)
Write
00: Stop &counter clear only
TC1 01> Command start
TC1S
start control 10: resérved
> External triggerstart
...SCAP1 | Software capture contral | ). 0 s 1;/5oftware capture trigger .
Pulse width measurement .
MCAP1 control 0: Double edge capture 17 Single edge capture
External triggen timer T .
LMET Jeenwel T o i CSSN—_- e .
MPPG1 | PPG output control 0: Continuous'pulse 1: Single pulse
TFF1 Timer F/FI\coitrol 0: Clear 1: Set

Note 1. fc ~clock'[HZ]

Note 2: Writingto the low-byte ofthe timerregisters (TREG1A;, TREG1B,), the comparison is inhibited until the
high-byte (TREG1Ay, TREG1By) is-written. (Only the low-byte of the timer registers cannot be
changed.) After writing to the high-byte, the comparison within 1 machine cycle(during instruction
execution) is ignored.

Note 3 Set-the mode, source clock, edge (INT2ES), PPG output control and timer F/F1 control when TC1 stops
(TC1S =00).

Note 4; \Software capture can be used in only timer and event counter modes. SCAP1 is automatically cleared to
"0" after softwarecapture.

Note 5: Values'to be loaded to timer registers must satisfy the following condition.

TREGIA>TREG1B>0(PPG output mode) ; TREG1A>0 (except for PPG output mode)

Note 6: Always wirite "0 to TFF1 except the PPG output mode.

Note 7: TCICR is a write=anly register, which cannot be accessed by any read-modify-write instructions such as
bit operate, etc.

Note 8: TREG1B cannot be written after setting to PPG output mode.

Figure 2-11. Timer Registers and Control Register TC1
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2.5.3 Function

Timer/Counter 1 has six operating modes: Timer, External trigger timer, Event counter, Window, Pulse

width measurement, and Programmable pulse generator output mode.

(1) Timer Mode

In this mode, counting up is performed using the internal clock. The contents of the Timer register
1A (TREG1A) are compared with the contents of up-counter. If a match is found, an INTTC1 interrupt
is generated, and the counter is cleared to “0”. Counting up resumes after the counter is cleared.
The current contents of up-counter can be transferred to the Fimer register 1B (TREG1B) by setting
SCAP1(bit 6 in TC1CR) to “1”(software capture function). SCAPTis automatically cleared to "0" after

capturing.

Table 2-3. Timer/Counter 1 Source Clock (Internal Clock) (atfc =8 MHz)

TC1CK Resolution [.s] Maximum time setting [s]
00 256 16.8
01 16 1.0
10 1 65.5~m

Example 1: Sets the Timer mode with source clock fc21[Hz] and generatesaninterrupt 1s.

later (at fc = 8 MHz).

LDW (TREG1A), 1000H ~Sets the timer register (15 +211/fc=1000y)
SET (EIRL). EF4 . Enables INTTCT intetrupt

El

LD (TC1CR), 000100008 ; Starts TCH

Note: TC1CR is a write-only register, which cannot start by [SET(TC1CR).4] instruction.

Example 2: Software capture

LD (TC1CR), 01010000B NSCAP1«1
LD WA, (TREG1B) ;Reads captured value

Counter
Timer register 1A

INTTC1 interrupt

Source clock

Counter

Timer register 1B

SCAP1

Command start

Source clock |||:||II|||I|||||||||||||||||||||||||
1
1

DX

T
L Match Counter
: detect \I-I’ clear

(a) Timer mode

Xm+1Xm+2X t:r:Xn_1X n Xn+1X

Capture Capture

? - X

(b) Software Capture

Figure 2-12. Timer Mode Timing Chart
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(2) External Trigger Timer mode

In this mode, counting up is started by an external trigger. This trigger is the edge of the TC1 pin
input. Either the riging or the falling edge can be selected. Edge selection is the same as for INT2
pin. Source clock is used an internal clock selected. The contents of TREG 1A is compared with the
contents of up-counter. If a match is found, an INTTC1 interrupt is genérated; and the counter is
cleared to “0” and halted. The counter is restarted by the selected edge of the TC1 pin input.

When the edge input is opposite to the edge input way of the countstartitrigger at METTI (bit 6 in
TC1CR) = 1, the counter is cleared, and count stops. In this mode, pulse’input with a constant pulse
width generates interrupt. When METT1is “0", the opposite edge inputisignored. The edge of TC1
pin input before match detection is also ignored.

The TC1 pin input has the same noise rejection as the INT2 pin, therefore, pulses of 7/fc [s] or less are
rejected as noise in NORMAL or IDLE mode. A pulse width,of 24/fc-[s}'or more is required for edge

detection.
Example 1:Generates interrupt after 100 «s from TC1 pin input rising edge (at f¢=8MHz).
LD (EINTCR), 00000000B ;/INT2ES<0/(rising edge)
LDW (TREG1A), 0064H 100 ps 2 23/ fc =64
SET (EIRL).EF4 +_Enables INTTC1 interrupt
El
LD (TC1CR), 00111000B ;. Starts TC1 external trigger, METT =0

Example 2: When “L” level pulses of 4ms ormeare isinput to TC1 pin, genérates interrupt.
(atfc=8 MHz)

LD (EINTCR), 00000100B ; INT2ES<1 (“L" fevel)

LDW (TREG1A), O0OFAH i 4ms + 27/ fc=FAQ

SET (EIRL).EF4 ; Emables INTTC1 interrupt

El

LD (TC1CR), \01110100B ; StartsT€1 external trigger, METT = 1
Count start Count start Rising edge

TC1 pininput ! Trigger I ( | Trigger zlel\lﬁ'cztES=O)

1

1
|
Internal clock ||||||:||||||||||I||||||||||||||
I
[}

Counter 0 X1 —5 @ n 0 ﬂﬂ 3

Timer register 1A ? X h [

Match Clear
INTTC1 interrupt [T

(a) Trigger Start (METT1=0)

Count Count Count
start clear start

. Rising edge select
TC1 pininput Trigger Y Trigger * Trigger * (INT29E5=gO)

Internal ¢lock

Counter R & 6 6 $) 0 CHEED € ) = &0 C Note: m<n

Timer register 1A :Xn }15 }

Match Clear
INTTC1 interrupt

(b) Trigger Start & Stop (METT1=1)

Figure 2-13. External Trigger Timer Mode Timing Chart
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(3) Event Counter Mode

In this mode, events are counted on the edge of the TC1 pin input. Either the rising and the falling
edge can be selected with INT2 pin. The contents of TREG1A are comparéd with the contents of up-
counter. If a match is found, an INTTC1 interrupt is generated, and the counter.is cleared. Counting
up resumes every edge of the TC1 pin input after the counter cleared (The.maximum applied
frequency is fc/24 [Hz] in NORMAL or IDLE mode.
Setting SCAP1 to “1” transfers the current contents of up-counter to TREG1B (software capture).

{

Command start

|_|J_||_|

Jimiyal

| falling edge

: select

=D @ © e

(INT2ES=1)

P g
XX

TC1 pininput
!
Up-counter 0
]
TREG1A ? X

D

INTTC1 interrupt

Match
detect

Counter
\n}clear

Figure 2-14. Event Counter'Mode Timing Chart

(4) Window mode

Counting up is performed on the rising edge-of.the pulse that is the logical AND-ed product of the
TC1 pin input (Window pulse) and an internal cloek. The contents'of TREG1A are compared with the
contents of up-counter. If a match is‘found;.an INTTCA interrupt is.generated, and the counter is
cleared. Positive or negative logic forthe TC1 pin input ¢an be selected with INT2 pin.

It is necessary that the maximum/applied frequency be such-that the counter value can be analyzed
by the program. That is, the frequency must be considerably slowef than the selected internal clock.

Command start
TC1 pininput

Internal clock

Counter )0

© € 0 S O 0.0 & 6 6

TREG1A ?

[0

INTTC1 interrupt

Match

1

Clear

Command start

(a) Positive Logic (INT2ES = 0)

TC1 pin input

Internal clock

Counter

TREG1A ?

o

INTTC1 interrupt

Match\i—tear

(b) Negative Logic (INT2ES=1)

Figure 2-15. Window Mode Timing Chart
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(5) Pulse width measurement mode

Counting is started by a trigger of the rising (falling) edge of the TC1 pin input (set to external
trigger start by TC1CR). The source clock is used an internal clock. On the next falling (rising) edge,
the counter contents are transferred to TREG1B and an interrupt is generated. The counter is cleared
when the single edge capture mode is set. When double edge capture is set, the counter continues
and, at the next rising (falling) edge, the counter contents are again transferred to TREG1B. If a
falling (rising) edge capture value is required, it is necessary to read out ;TREGTB contents until a
rising (falling) edge is detected. Falling or rising edge is selected with/INT2ES, and single edge or
double edge is selected with MCAP1 (bit 6 in TC1CR).

Example: Duty measurement (Resolution fc/27[Hz])
CLR (INTTC1SW).0 ; INTTC1 service switch initial setting
LD  (EINTCR), 00000000B ; Sets thelrising-edge at the INT2ES edge
LD (TC1CR),00000110B ; Sets the TC1. mode and source clock
SET (EIRL).EF4 ; EnablesINTTC1
El
LD (TC1CR), 00110110B 7Starts TCYwith an external triggerin MCAP1=0

PINTTC1: CPL (INTTC1SW).0 ; Complements INTTC1 service switch
JRS  F,SINTTC1
LD (HPULSE), (TREG1BL) ;Reads TREG1B (“H " level-pulse width)
LD  (HPULSE + 1), (TREG1BH)
RETI

SINTTC1: LD (WIDTH), (TREG1BL) ; Reads TREG 1B (Period)
LD (WIDTH 1), (TREG?TBH)
: ; Duty caleculation
RETI

VINTTC1: DW PINTTC1

WIDTH ;
' /HPULSE _:
TC1pin _I I I
INTTCISW. | I
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Count start « Count start

TC1 pininput i Trigger " Y « * (INT2ES = 0)

. : 1

Internal clock

Counter D 6 6 6 O ) @ - Gl XXz
Capture

TREG1B X\¥n

INTTC1 interrupt I-I

[Application] High or low pulse widthmeasurement
(a) Single edge capture (MCAP =1)

Count start « Countstart

TC1 pininput l n Y « I (INT2ES=0)

Internal clock

Counter

TREG1B

INTTC1 interrupt I-I rl

[Application) @ Period/Frequency measurement
@ Duty measurement

(b) Double edge capture(MCAPRI1 =0)

Figure2-16. Pulse Width Measurement Mode

(6) Programmable Pulse Generate (PPG) output mode

Counting issstarted by-an-edge of the TCtpininput (either the rising or falling edge can be selected)
or by a command.“Either the rising.or falling-edge can be selected by INT2ES of EINTCR. The source
clock is used an internal clock. First;thecontents of TREG1B are compared with the contents of the
up-counter. If a match is found, Timer-F/F1 output is toggled. INTTC1 interrupt is generated at
continuous output (MPPG1=0) Next, Timer F/F1 is again toggled and the counter is cleared by
matching with-TREGTA. An INTTC1 interrupt is generated at this time. Timer F/F1 output is inverted
and/connected to the P14 (PPG) \pin. In the case of PPG output, set the P14 output latch to “1” and
configure as an output mode.-Timer F/F1 is cleared to “0” during reset. The Timer F/F1 value can also
besetby TFF1 (bit 7:in TC1CR) and either a positive or negative logic pulse output is available. Also,
writing.to the TREG1B is not possible unless the Timer/Counter 1 is set to the PPG output mode.

Example: “H" level 800.zs, “L"" level 200 us pulse output at fc =8 MHz

SET (P1).4 ; P14 output latch<«1

LD (P1CR), 00010000B ; Sets P14 to an output mode

LD (TC1CR), 10001011B ; Sets PPG output mode

LDW  (TREG1A), 03E8H ; Sets a period (1 ms + 1 us =03E8)

LDW  (TREG1B), 00C8H ;Sets “L” level pulse width (200 s + 1 s =00C8y)

LD (TC1CR), 10010011B  ;Start
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P14 output latch

Data output

TFF1 > b set Output enable

TC1CR write strobe *E:>2§ >r—>clear Q . > ([ (| P14 (BPG) pin

Internal reset >
Match with TREG1B >—_D
Match with TREG1A >——— toggle

B
INTTC1 interrupt <Y Timer F/F1

TC1S clear signal

i

MPPG1

Figure 2-17. PPG Output

Internal clock ||||||‘5|||||||||||||||I||||||||||Commandstart

Counter 0 1 2 n Xn+1 ) & 2 n Xn+1 mXoX 4 2

TREG1B :X n b )
TREG1A :X ™

\ 8 \ ]
PPG pin output M HL
1 I

INTTC1 interrupt n n

(a) Continuous pulse (MPPG*=0)

Count/start
. Tri External trigger start
TC1 pininput J N | 99
Internal clock | | | | | |55| | | | | |55I | | | | | | | | | | | | | | | | | | |

Counter 0 1 n XnA1 mX 0

TREGTB X n
TREG1A X - | 8

PPG pin output ' |

INTTC1 interrupt n

[Application] One shot pulse output
(b) Single pulse (MPPG1=1)

Figure 2-18. PPG Output Mode Timing Chart
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2.6 16-bit Timer/Counter 2 (TC2)

2.6.1 Configuration

N TC2S
TC2 pin H
Window
fc/223y— > p Clear
fc/213——>(B Timer/ % 16-bit up-counter
fc/28y—>{C Event counter
/23— >|pY clock
E Match
S Comparator detcet INTTC2
3 interrupt
TC20K TC2S Engble
T Match detect'control
TC2CR TREG2
Timer/Counter 2 control register 16:bit timerregister 2 TREG2H™ ~JREG2Lwrite strobe

Figure 2-19. Timer/Counter 2 (TC2)
2.6.2 Control

The Timer/Counter 2 is controlled by a Timer/Counter 2 control registér (TC2CR) and a 16-bit timer
register 2 (TREG2).

TREG2 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
(00161, 00174 L. TREG24 (0017, M B IREG2, (00161) .
Write only
TC2CR 5 4 3 2 1 0
(0015,,) [tes] 7t ) | [rcam]— wnitial value:  *0000%0)
TC2M Timer/CoUnter 2 gperating 0: Timer/Event counter mode
mode select 1" Window mode
000: Internal clock f¢/2%[Hz]
001: Internal clock fc/2%
010 Internal clock fc/2® )
TCACK Timer/Counter 2 011: Internal clock fc/23 Write
sourceclock select 100: reserved only
101: reserved
110: reserved
111: External clock (TC2 pin input)
TC28 Timer/Counter 2 0: Stop and counter clear
start control 1: Start

Note 1: fc; clock [Hz], *,Don‘tcare

Note2: When writing to the low byte of timer register 2 (TREG2,), the comparison is inhibited until the high-
byte (TREG2y) iswritten.
After writing-to the high-byte, any match during 1 machine cycle (instruction execution cycle) is
ignored.

Note 3: Set the mode and source clock when Timer/Counter stops (TC2S =0).

Note 4: Values to be loaded to the timer register must satisfy the following condition.

TREG2 > 0

Note 5: TC2CR and TREG2 is a write-only register and cannot be used with any of the read-modify-write

instructions.

Figure 2-20. Timer Register 2 and TC2 Control Register
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2.6.3 Function
The Timer/Counter 2 has three operating modes: Timer, Event counter and Window modes.

(1) Timer Mode
In this mode, the internal clock is used for counting up. The contents of TREG2.are compared with
the contents of up-counter. If a match is found, an INTTC2 interrupt is generated, and the counter is
cleared. Counting up is resumed after the counter is cleared.

Table 2-4. Source Clock (Internal Clock) for Timer/Counter2 (atfc=8 MHz)

TC2CK Resolution Maximum'time setting
000 1.05s 19.1°h
001 1.02 ms T mjn
010 32 s 215
011 1 ) 65,5 ms

Example: Sets the Timer mode with source clock f¢/23 [Hz] and generates.an-interrupt every
25 ms (at fc =8 MHz).

LDW (TREG2), 61A8H ;~Setsthe TREG2 (25-ms +23/fc=61A8R)
SET (EIRH).EF14 ; Enables INTTC2 interrupt

El

LD (TC2CR), 00101100B ; Starts TC2

(2) EventCounter Mode
In this mode, events are counted\on the)rising edge of the T€2 pin input. The contents of TREG2 are
compared with the contents-of the Up-counter. If a matchvis found, an INTTC2 interrupt is
generated, and the counter/iscleared. The maximum-frequency applied to the TC2 pin is f¢/24[Hz] in
NORMAL or IDLE mode. But, a pulse width of 2 machine cycles or more is required for both “H” and
"L" level.

Example:—Sets the Event counter modeand generates an INTTC2 interrupt 640 counts later

LDW (TREG2), 640 ; Setsthe TREG2

SET (EIRH).EF14 ; Enables INTTC2 interrupt
El

LD (TC2CR), 001111008 ; Starts TC2

(3) WindowMode
In this-mode;-counting up is performed by an internal clock during “H" level of TC2 external pin
input (Window pulse). The contents of TREG2 are compared with the contents of up-counter. If a
matchiis found, an INTTC2interruptis generated, and the up-counter is cleared to “0".
Itis-necessary that'the maximum) applied frequency must be considerably slower than the selected
internalclock.

Example: Inputs “H"level pulse of 120 ms or more and generates interrupt. (at fc =8 MHz).

LDW (TREG2), 0078H ; Sets TREG2 (120 ms + 213/fc =0078y)
SET (EIRH).EF14 ; Enables INTTC2 interrupt

El

LD (TC2CR), 00100101B ; Starts TC2
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TC2 pininput | |
| | :
1
Internal clock |||||||:||I||||||:||||||:|I|I||||||
I [}
} [}

Counter 0o X1t X2X (X=X n-2 X XXX T R2 X3)

TREG2 X n b

INTTC2 interrupt

Match \|'|) Counter clear

Figure 2-21. Window Mode Timing Chart
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2.7 Serial Interface (SI0)

The 87C408/808/408L/808L each have one clocked-synchronous 8-bit Serial interfaces (SIO). The Serial
interface has an 8-byte transmit and receive data buffer that can automatically-and continuously transfer
up to 64 bits of data.

The Serial interface is connected to external devices via pins P75 (SO), P74 (SI),(ahd PZ3-(SCK). The Serial
interface pins are also used as port P7. When used as Serial interface pins, the output latches of these
pins should be set to “1”. In the Transmit mode, pins P74 can be used as normal1/0 ports, and in the
Receive mode, the pins P75 can be used as normal I/O ports.

2.7.1 Configuration

SIO control register/status register CPU

SIOCR1/SI0S SIOCR2
T T

r N Transmit and receive

data buffer
Buffef control (8-byte in DBR)
circuit

Control circuit

Shift register
3 21 0
Shift 776 5 4

| I I I I I I |— SO pin
i
clock L1 L1 — Serial data output
8-bit transfer 4-bit transfer ' .
. Sl pin

7 Serial data input
1

Serialclock

INTSIO interruptrequest SCK
: Serial clock 110

Figure2-22.\ ‘Setial Interface

2.7.2 Control
The Serial interface is controlled by SIOcontrol registers (SIOCR1/SIOCR2). The Serial interface status can
be determined’by reading SIO status registers (SIOSR).
The transmit’and.receive data buffer is controlled by the BUF (bits 2 to 0 in SIOCR2). The data buffer is
assigned to addresses OFF0 to OFF7y for SIO in the DBR area, and can continuously transfer up to 8 words
atone time. When the specified number of words has been transferred, a buffer empty (in the Transmit
mode) orabuffer full (in the Receive mode or Transmit/Receive mode) interrupt (INTSIO) is generated.
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SIOCR1
(0020,,)

SIOCR2
(0021y)

Serial interface control register 1

7 6 5 4 3 2 1 0
[sios ] 59 ] SIOM [SCK | | (Initial value:  0000°0000)
SI0S Indicate transfer start/stop (1) gtgft
SIOINH | Continue/abort transfer 0: Continue transfer

1: Abort transfer (automatically cteared after abort)

SIOM

Transfer mode select

000: 8-bit Transmit mode

010: 4-bit Transmit mode

100: 8-bit Transmit/Receive mode
101: 8-bit Receive mode

110: 4-bit Receive mode

Write
only

SCK

Serial clock select

Internal clock/ f¢723[Hz]
Internal clock' fc/ 28
Internal clock~f¢£2°
Internal<lock> fc1-2°
External/cléck (input form SCK pin)

000:
001:
010:
011:
11:

(output on SCK'pin)

Note 1: Set SIOS to "0" and SIOINH to "1" when setting the Transmitmode or serial clock.
Note 2: SIOCR1 is a write-only register and must not be used-with any of read-modify-writeinstructions such as
bit manipulation.

Serial interface control register 2

7 6 5 4 3 2 1 0
................................. W'lAIT 1 BUF 1 | (Inltlal Value: ***0 0000)
Always sets £00” except 8-bit\Transmit/Receive mode.
00: Tf = Tp (non-wait)
WAIT Wait control 01: T = 2Tp
10: T+ = 4Tp (wait)
11: T+ = /8Tp
Buffer address used
Write
000:1.word\transfer  OFFOy only
001:2worditransfer OFF0 to OFF1y
010:3.wordtransfer OFF0 to OFF2y
BUF hampay ofteansierivords 0117/4word transfer OFF0  to OFF3y
10075word transfer  OFF0 to OFF4y
101:6word transfer OFF0 to OFF5y
™O: 7word transfer OFF0  to OFF6y
t11:8word transfer OFF0 to OFF7y

Note V:T¢,; frame time (1 word data transfertime), Tp, data transfer time

scowpsy || LI LTI LML

LC

iy

To

Tt

Note 2: The lower 4 bits of each buffer are used during 4-bit transfers. Zeros (0) are stored to the upper 4 bits
when receiving:

Note 3: Transmitting, starts at the lowest address. Received data are also stored starting from the lowest address
to the highest address. First, address OFF0y is transferred.

Note 4: The value to be loadéd to BUF is held after transfer is completed.

Note 5: SIOCR2 must be set when the serial interface is stopped (SIOF =0).

Note 6: SIOCR2 is a write-only register and must not be used with any of read-modify-write instructions such as
bit manipulation.

Note 7:

* :Don'tcare

Figure 2-23. Serial Interface Control Register
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SIOSR 7 6 5 4 3 2 1 0
(00201) e e e e e, e :
SIOF aqe Dowqw Doaqe Doaqe Doaqe Doaqe
; ; . ; (After SIOS is cleared to-0", SIOF is
SIOF Serial transfer operating 0:Transfer .termmated cleared to "0" at the tarmination of
status monitor 1:Transfer in process transfer or setting 6f SIOINH)) read
SEF Shift operating status 0:Shift operation terminated only
monitor 1:Shift operation in process

Figure 2-24. Serial Interface Status Register

(1) Serial Clock
a.Clock Source

SCK
®

(bits 2 to 0 in SIOCR1) is able to select the following.

Internal Clock

Any of four frequencies can be selected. The/s¢rial'clock’is output to the-outside/on the SCK
pin. The SCK pin goes high when transfer starts.

When data writing (in the Transmit mode) orreading (in the Receive mode or the
Transmit/Receive mode) cannot keep up with the serial clock rate, there.issa'wait function
that automatically stops the serial clock~and holds the next shift ‘operation must the
read/write processing is completed.

Table 2-5. Serial Clock Rate (at fc =8MHz)

SCK Maximum transfer rate {Kbit/ s]
000 0.95
001 30.5
010 122
on 244
Note: 1 Kbit = 1024 bit |

data

Automatically
waitfunction

SCK pin dutput ||I||I|| |||II|I||I|I
SO pin output maa az mmmmm <

e

Writtén'transmit 3 X b X p

Figure 2-25. Clock Source (Internal Clock)
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@ External Clock
An external clock connected to the SCK pin is used as the serial clock. In this case, the P73
(SCK)) output latch must be set to “1”. To ensure shifting, & pulse width of at least 4
machine cycles is required. Thus, the maximum transfer speed is 244 Kbit/s (at fc =8 MHz).

SCK pininput | | | | L] L

tsekL tsckn
tsckLs tsckn = 4 teyc |Note.' tcyc = 4/fcgek (in NORMAL, IDLE modes) |

b.Shift edge
The leading edge is used to transmit, and the trailing edge is.used to receive.

@ Leading Edge
Transmitted data are shifted on the leading edge of the serial clock (falling edge of the SCK
pin input/output).

@ Trailing Edge
Received data are shifted on the trailing edge-of the serial clock (rising edge of'the SCK pin

input/output).

5CK pin Y [ Y Il or |

SO pin \ bito X\ bit1 “X>bit2 X /bit3

Shift register X 3210° X w321 X #x32 X #%43
(a)—L€ading Edge

K pin A I I A

SIpin X ;ito X bit1 X-bir2. X 'bit3

Shift register wwx X Oxxx X 10%x X210« X 3210 Note: » - Don't care
(b)-_Trailing Edge

Figure 2-26. Shift Edge

(2) Namber of Bits of Transfer
Either 4-bit or 8-bit serial transfercan be selected. When 4-bit serial transfer is selected, only the
lower4-bits of the transmit/receive data buffer register are used. The upper 4-bits are cleared to “0”
when receiving.
The data is transferred‘in sequence starting at the least significant bit (LSB).

(3) Number of Words to Transfer
Up to 8 words consisting of 4 bits of data (4-bit serial transfer) to 8 bits (8-bit serial transfer) of data
can be transferred continuously. The number of words to be transferred is loaded to BUF.
An INTSIO interrupt is generated when the specified number of words has been transferred. If the
number of words is to be changed during transfer, the serial interface must be stopped before
making the change. The number of words can be changed during automatic-wait operation of an
internal clock. In this case, the serial interface is not required to be stopped.
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SCK pin | | | | | I | I
S0 pin \ 2o X2 X X a3

INTSIO interrupt |'|

(a) 1 Word Transmit
50 pin \ 20X 21 X 22X 23X boX b1 X ba X baX co Xoca Xex X e5

INTSIO interrupt "

(b) 3 Words Transmit
SCK pin R RR RN R RN EE NN
Sl pin LaoX a1 X 22X asX boX b1 X bs X baXco X c1 X2 X <3 /

INTSIO interrupt |'|

(c) 3 Words Receive

Figure 2-27. Number of Bits to Transfer (Example: 1 word ~4bits)

(4) Transfer Mode
SIOM (bits 3 to 5 in SIOCR1) is used to selectthe Transmit, Receive, of Transmit/Receive mode.

a.4-bit and 8-bit Transmit Modes
In these modes, the Transmit mode_is_set to the control register and then the data to be
transmitted first are written to'the-data buffer registers (DBR).
After the data area written, the transmission is started by-setting SIOS to “1”. The data are then
output sequentially to the SO pin~in’ synchronous with theserial clock, starting with the least
significant bit (LSB). As soon asthe LSB has been‘output, the data are transferred from the data
buffer register to the shift'register per 1 word. Mhen'the final data bit has been transferred and
the data buffer register-is empty, an INTSIO (bufferempty) interrupt is generated to request the
next transmitted data,
When the internal clock is used, the serial clock will’stop and perform an automatic wait if the
next transmitted dataare not loaded to(the'data buffer register by the time the number of data
words specified with the BUF has been transmitted. Writing even one word of data cancels the
automatic-wait; therefore, when transmitting two or more words, always write the next word
before transmission of the previeus-wordis completed.

Note: ~Automatic-waits are also canceled by writing to a DBR not being used as a transmit data
buffer register; therefore, during SIO do not use such DBR for other applications. For
example, when 3 waords are transmitted, do not use the DBR of the remained 5 words.

When.an external clock is used, the data must be written to the data buffer register before
shifting next data. Thus;the transfer speed is determined by the maximum delay time from the
generation of the intefrupt request to writing of the data to the data buffer register by the
interrupt service program.

When the transmit is started; after the SIOF goes “high” output from the SO pin holds final bit of
the last data untilfalling edge of the SCK.

The transmission is ended by clearing SIOS to “0” or set SIOINH to “1” in the buffer empty
interrupt service program to end transmitting. After SIOS is cleared, the transmission is ended at
the time that the final bit of the data being shifted has been output. That the transmission has
ended can be determined from the status of SIOF (bit 7 in SIOSR). SIOF is cleared to “0" when the
transmission is completed. When SIOINH is set, the transmission is immediately ended and SIOF is
cleared to “0”.
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When an external clock is used, it is also necessary to clear SIOS to “0” before shifting the next
data; otherwise, dummy data will be transmitted and the operation will end. If it is necessary to
change the number of words, SIOS should be cleared to “0”, then BUF must be rewritten after
confirming that SIOF has been cleared to “0".

SIOS _e I \ :
SIOF _| \’I—

SCK pin (output)

S0 pin 10760 € €0 €3 61 €5 €7 € (D) 6 3 0.0 € &

INTSIO interrupt "\ "

DBR X=X b
Ao

Write transmit data

(a)/ Tnternal €lock
Clear $10S

[

$105 f | |

SIOF

SEF _J

SCK pin (input)

S0 pin QEEEEEEEMQQEMEM

INTSIO interrupt " ~ ”
\
DBR XZX b
* 4 (b) External Clock

Writé transmit data

Figure 2-28. Transmitted Data (Example: 8-bit, 1 word)

SCK pin I I
SIOF |

SO pin X The highest bit of the final transmitted /
tsopy =min. 3.5/fc[s] (in NORMAL, IDLE mode)

Figure 2-29. Transmitted Data Hold Time at end of transmit
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b.4-bit and 8-bit Receive Modes

After setting the control registers to the Receive mode, set SIOS to to enable receiving. The
data are then transferred to the shift register via the Sl pin in synchrénous with the serial clock,
starting with the least significant bit (LSB). When one word of data has been received, it is
transferred from the shift register to the data buffer register (DBR). Whgn the number of words
specified with the BUF has been received, an INTSIO (buffer full) interruptis generated to request
that these data be read out. The data are then read from the“data buffer registers by the
interrupt service program.

When the internal clock is used, and the previous data are notread-from the data buffer register
before the next data are received, the serial clock will stop and/an-automatic-wait will be initiated
until the data are read. A wait will not be initiated if even one'data woérd has been read.

111 "

Note: Automatic-waits are also canceled by reading a/DBR.not-béing used as a-received data
buffer register; therefore, during SIO do not use'such DBR for other applications.

When an external clock is used, the shift operation isssynchronized with the_external clock;
therefore, the previous data are read before the/next/data are transferredto the data buffer
register. If the previous data have not been read, \the next data will not be transferred to the
data buffer register and the receiving of any more data will be canceled:~When-an' external clock
is used, the maximum transfer speed is determined by the delay between the time when the
interrupt request is generated and when thedatareceived have beenread:

The receiving is ended by clearing SIOS te_“Q" orsetting SIOINH to “1" in/buffer full interrupt
service program. When SIOS is cleared; the current data are transferredtothe buffer. After SIOS
cleaned, the transmissions is ended at'the time that the final bjt 6fthe data being shifted has
been output. That the transmission has-ended can be determined from'the status of SIOF (bit 7 in
SIOSR). SIOF is cleared to “0” when-the transmission is ended. After confirmed the receiving
termination, the final receiving data is.-read. When SIOINH is)set, the receiving is immediately
ended and SIOF is cleared to Y0". (The received data is ignored,/and it is not required to be read
out.) Ifitis necessary to change thenumber of words in external clock operation, SIOS should be
cleared to “0” then BUF must berewritten after confirming that SIOF has been cleared to “0”.

If it is necessary to change.the number of words.-in\internal clock operation, during automatic-
wait which occurs aftercompletion of data receiving-—(BUF must be rewritten before the received
data is read out.)

Note: The buffer contents are lost when-the transfer mode is switched. If it should become
necessary to switch the Transfer modg, end receiving by clearing SIOS to "0", read the last
data.andthenswitch the Transfer mode.
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[«————— Clear SIO0S

SIOS

SIOF

SEF

SCK pin (output)

Sl pin

INTSIO interrupt

DBR Xa Xb

Read receive data Readreceive data

Figure 2-30. Receive Mode (Example:8-bit,-T word, internal clock)

¢. 8-bit Transmit/Receive Mode

After setting the control registers to the Transmit/Receive mode, write'the data to be transmitted
first to the data buffer registers (DBR). \Afterthat, enable transmitting and receiving by setting
SIOS to “1”. When transmitting,/the data-are output from the SO pin at leading edges of the
serial cock, starting with the least significant bit/LSB). When receiving, the data are input
through the SI pin at the trailing-edges.of the serial.clack. 8-bit data are transferred from the
shift register to the data buffer register. An INTSIO interrupt/is’'generated when the number of
data words specified with the BUFhas been transferred. The.interrupt service program reads the
received data from the data buffer register, the(transmitted data is written. The data buffer
register is used for both ‘transmitting and receiving; therefore, always write the data to the
transmitted after reading all the'received data.

When the internal clock/is'used, a wait is initiated.until the received data are read and the next
data are written. Await will not be initiated if even-ene data word has been written.

Note: Waits are also canceled by.writing to,a DBR not being used as the transmit/received data
buffer register; therefore, donot'usé such DBR for other applications.

When an extefnal clock is used, the shift operation is synchronized with the external clock;
therefore, it is necessary to read-the received data and write the data to be transmitted next
before starting the next shift operation. When an external clock is used, the maximum transfer
speed i$ determined by the maximum.delay between generation of an interrupt request and the
received data are read and the data to be transmitted next are written.

Whenthetransmit is started,(after the SIOF goes “high” output from the SO pin holds final bit of
tHe last data until falling edge-of the SCK.

The-transmit/receive operation-is ended by clearing SIOS to “0” or set SIOINH to “1” in INTSIO
interrupt service'program. When SIOS is cleared, the current data are transferred to the data
buffer register. "The transmit/receive is ended at the time that the final bit of the data being
shifted has been/output. The end of transmit/receive can be determined from the status of SIOF
(bit 7 in SIOSR). SIOFis cleared to “0” when the transmit/receive is ended. When SIOINH is set,
the transmission isimmediately ended and SIOF is cleared to “0”.

If the number of words is to be changed during transfer, SIOS must be cleared to “0” and BUF is
rewritten after SIOF is determined to be cleared to “0” during automatic-wait operation of an
external clock operation. The number of words can be changed in an internal clock. In this case
BUF must be rewritten before the received data is read out.
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Note: The buffer contents are lost when the Transfer mode is switched. If it should become
necessary to switch the Transfer mode, end receiving by clearing SIOS to “0”, read the last
data and then switch the Transfer mode.

|«———— ClearSI0§ —>

sl0s f | / A |

SIOF |

SEF _I

SCK pin (output)

SO pin

Sl pin 2K 0 Kes Kea X sk K es K ee Ao A doX d1Xd2 X dsXda X dls X ds X o7

INTSIO interrupt " "

DBR X a b X d
Write transmit Read transmit Write transmit Read transmit
data (a) data (c) data (b) data (d)

Figure 2-31. Transmit/Receive-Mode (Example:8-bit, 1 word, internal clock)

SCK pin I |

SIOF |

SO'pin bit6 X bit 7-of final transmit /

tsopn = min. 4/fc[s] (in the NORMAL, IDLE mode)

Figure 2:32. Transmitted-Data Hold Time at end of transmit/receive
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2.7.3 NOTES FOR USAGE OF SIO

If same ringing noise occurs at rising or falling of SCK pin, note that the SCK pin does not function as
Schmitt circuit.

typ09V
(atvDD=5V)

— N___internal : : :
SCK D | > E : N

Figure 2-33. Example ofringing noise

The SCK pin is used as a count clock for detectingthe ending pointef the ‘serial data. If some rising noise
occurs on the SCK input line, as Figure 1,.some miscounting will be performed, thus the function for
shifting the receive data will finish earlier than-anticipated, it shown as\Figure 2-34.

N W B 7 S s N S A R O R |

Correct count 1 2 3 4 5 6 7 8

miss count 1,2 3,A 5,6 7.8

Figure2-34. Example.ofmiss count (at 8-bit receive mode)

Note 1: In case of SCK pirf is used as input,.it is recommended that Schmitt circuit is inserted externally.
Note 2: Additionally, Sl pin does not function_as Schmitt circuit, so we suggest that Schmitt circuit is
inserted externally.
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2.8 8-bit A/D Converter (ADC)
The 87C408/808/408L/808L each have an 8-bit successive approximate type A/D converter with sample
and hold.
Analog reference power supply (VAREF) is automatically cut off in STOP mode eranalog input disable.

2.8.1 Configuration

Ladder resistor
O PP SO TR N P WASY SOy .
! R R R R2 |
I I
VAREF 8" oM —g—Wy—g == oo Wy MW—— vass
1 1 H
| EN ij E
STOP j >_c'_'| i ;
AINDS Tap Decoder
Analog input Sample & Hold Reference
Multiplexer L -
i i voltage
1 1
AINO [J A i i
———W—o _
ant O B i i 8
1 | R S S—
AIN2 C i i
O i jan i
AIN3 O D i i Analog
i i comparator
AINa O E [ A 4
AINs OO F
Sampling clock Successive Approximate Circuit
EN
Shift clock
EN S
AINDS Contro| Circuit 8
6 SAN ADS EOCF
4
P6CR ADCCR ADCDR
P6 input/output controlyegister A/D_Converter control register A/D Conversion result register

Figlre2-35.—A/D Converter (ADC)

2.8.2 Control
The A/D conyerter iscontrolled by an A/D converter control register (ADCCR). Reading EOCF of ADCCR
recognizes A/D_convérter operation state, and reading A/D conversion result register (ADCDR) recognizes
A/D conyersion result.

A/D Conversion-Result Register,

7 6 5 4 3 2 1 0
ADCDR | : : f : : : : |
(OOOFH) M M - \ M M N

Read only

Figure 2-36. A/D Conversion Result Register
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ADCCR
(000E,)

A/D Converter Control Register

7 6 5 4 3 2 1 0
[EocF] ADs | Ack amos | . SAIN | (nitial value: 0001 0000)

0000: AINO
0001: AIN1
0010: AIN2
SAIN Analog input selection g?;; :mz
0101: AINS
0110: reserved
0111: reserved
1 *%%: reserved

RIW
. 0: Enable
AINDS [ Analog input control 1: Disable
. . 0: Conversion time.= 184/fcgck
ACK Conversion time 1: Conversion time ="736/fcgck
. 0: -
ADS A/D conversion start 1: A/D conversion start
EOCF A/D conversion end flag O Under conversion or Before conversion R
1: End of conversion

Note 1: *; Don'tcare

Note 2: Select analog input when A/D converterstops.

Note 3: The ADS is automatically cleared to "0” afterstarting conversion.
Note 4: The EOCF is cleared to “0” when reading the ADCDR.

Note 5: The EOCF is read-only. The writtendata isiignored.

Figure 2-37. ‘A/D_Converter Control Register

2.8.3 Operation
The high side of an analog reference voltage is applied to VAREF pin, and the low side is applied to VASS
pin. The reference voltage between VAREFand VASS is divided into.the voltage corresponding with bits
by radar resistance. The referencevoltage is compared with an analog input voltage and A/D conversion
is performed.

Note: VASS is the same as/\/5S:

(1) Start of A/D'coOnversion

First, selects one/of analog input channels (AIN5t0 AINO) by SAIN(bit 3 to 0 in ADCCR). Clear the
AINDS (bit 4 in~nADCCR) to “0”. The channelused as an analog input is cleared to “0” by P6 input
control (P6CR).

Note: The pin that is not used as an analog input can be used as regular input/output pins. During
conversion, do not perform outputinstruction to maintain a precision for all of the pins.

A/D conversion time is set with the ACK (bit 5 in ADCCR).

A/D'conversion is started by setting the ADS (bit 6 in ADCCR) to “1”.

A/D convefsion time is from-A/D cdnversion until setting the conversion result to ADCDR. When
ACEK'=0, conversian is_ accomplished in 184/fcgck [s] (46 machine cycles). For example, 23 us in
fcgck= 8 MHz. The EQCF (bit-7in ADCCR) is set to “1” at end of conversion.When ADS is set to “1”
during A/D conversion;.conversion is initialized and restarted.Sampling of an analog input voltage
isperformed in 4 machine cycles after A/D conversion start is indicated.

Note 1: To keep the same level of an analog input during 4 Machine Cycle Time is necessary for
charging the electron to the sample hold circuit of the 87C408/808/P808 which has a
resistor (typ. 5 kQ) and a capacitor (typ. 12pF).

Note 2: To keep the same level of an analog input during 4 Machine Cycle Time is necessary for
charging the electron to the sample hold circuit of the 87C408L/808L/P808L which has a

resistor (typ. 7 kQ) and a capacitor (typ. 11pF).
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(2) Reading of A/D conversion result
After the end of conversion (EOCF = 1), read the conversion result from the ADCDR. The EOCF is
automatically cleared to “0” when reading the ADCDR. When the canversion result is read out
during A/D conversion, the invalid value is read out.

(3) A/D conversion in STOP mode
When the MCU places in the STOP mode during the A/D conversion; the conversion is terminated
and the A/D conversion value become indefinite. Thus EOCF-is maintained|to “0” after returned
from the STOP mode. However, if the STOP mode is started-after.the’end of A/D conversion
(EOCF="1"), the A/D conversion value and EOCF state are held/

ADS [ | [ _H

ADCDR X Invalid X Result XlnvalidX Invalid X Result

‘e— Conversion ! e>/Conversion <
: ; : time :

: time ; i :
EOCF —l 184/fcgck [s] I | 184/fcgek [s]

Procession

Read Start Read Start Start

Figure 2-38. A/D ConversionTiming Chart (ACK = 0)

Example: After AIN4 pin is selected as an analog input channel, A/D (cdnversion is started. EOCF is
confirmed and the converted resulfisread-out. Itissaved to-address009Ey in RAM.

; AIN SELECT
LD (ADCCR) , 000001008 ; “selects AIN4
; A/D CONVERT START]
SET (ADCCR) . 6 ; ADS =1
SLOOP: TEST (ADCCRY),. 7 ~EOCF=17?
JRS T, SLOOP
; RESULT DATA READ
LD (9EH), (ADCDR)
Figure 2-39,5hows theé 4elationship between An analog input voltage and A/D converted 8-bit
digital value.
FFH -t —/-,—
FEH T K =
EDy - a
A/D i
conversion A {5
result W
03y -
024 +
oy T = =
— ’ ‘ — ‘ ‘ ‘ VAREF — VASS
0 1 2 3 253 254 255 256 e T
Analog input voltage

Figure 2-39. Analog Input Voltage vs. A/D Conversion Result (typ.)
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2.9 Key Wake Up

The87C408/808/408L/808L can control STOP mode with four pins such as P62, P63, P64 and P65 other than
P76 (INT5/STOP).

When the STOP mode is controlled in port inputs of P62, P63, P64 and P65, system-register 1 (SYSCR1)
must start the STOP mode (Level release mode). Edge mode cannot use at key wake-up,

STOP mode control register
7 6 5 4 3 2 1 0

STOPCR .
©02Fy) | — [ — [stoes|stora[stors[stora| - | - |  (nitial valuet ~*x0000x*)
STOP2 P62 port releases from STOP mode 0; Disabte
1~Enable
STOP3 P63 port releases from STOP mode 0: Disalc;le
! Erlwabble Read-/ Write
STOP4 P64 port releases from STOP mode 0: Disable
1: Enable
STOP5 P65 port releases from STOP mode 0: Disable
1: Enable

Figure 2-40. Stop Mode Control Register

STOP mode control circuit

STOP mode 0@ ll l P76 (INT5 /STOP)

control signal

M P62 (AIN2/STOP2)
M P63 (AIN3/STOP3)
M P64 (AIN4/ STOP4)
M P65 (AIN5 / STOPS)

A

STOPCR
(QO2FEHY /| |

(&R -ToEuIV)
»OO-W
WO —Hn
NTYO -
|
I

Figure2-41. Stop Mode Control Circuit

Each bit of P62 to P65 can.be individually-connected with internal pull-up resistor under the STOP mode
control registep (STOPCR).

AINi S
1 I
1 1
Data ihput <} —:EN\I !
1 1
[ .
Data output > ‘ I l P6i (i=2to5)

Control input

STOPI

Figure 2-42. Port P6i (i=2to 5)

Note: In case of using port P65 to P62 as key wake-up input, P76 pin must be used as input only
(in cluding INT5/STOP), must not be used as output port.
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Input/ Output Circuit

(1) Control pins

The input/output circuits of the 87C408/808/408L/808L control pins are shown below.

Control Pin 110 Input/ Output Circuitry and Code Remarks
Osc. enable _)tDD_' > fc
High-f t
VoD N VDD igh-frequency resonator
XIN Input Rt R connecting pin
XOUT Output 0
D‘ Rf =1.2MQ~_ (typ.)
Ro =1,5kQ typ.
XIN XOUT ° )
VDD
% % Sink ‘open drain-output
Rik
R Hysteresis input
RESET I/0 Address-trap-reset @_«M’ D Pull-up resistor
Watchdog-timer-rese < Ry :220kQ  (typ.)
System-clock-reset le 1kQ (typ.) '
Initial “Hi-Z" VDD
STOP/INTS Input Disable <« Hysteresis input
(P76) R R=1kQ (typ.)
P76 <
STOPANTS @,
Initial"Hi-Z/
Rin
VDD
\\7 Hysteresis input
i=2to5
STOP Input —]
(P6i) Disable § R Pull-up resistor
P6i 1 Rn=70kQ  (typ.)
~J (87C408/808)
. Rin=130kQ (typ.)
STk < (87C408L/808L)
R=1kQ (typ.)
VDD
R Pull-down resister
TEST Input Rin=70kQ  (typ.)
Rin R=1kQ (typ)
Note: The 87P808/808L does not have a pull-down resistor for TEST pin. Be sure to fix the TEST Pin to low.
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(2) Input/Output Ports

The input/ output circuits of the 87C408/808/408L/808L input/ output ports are shown below.

Port 1’10 Input / Output Circuitry and Code Remarks
Initial “Hi-Z" VDD Tri-state I/Q
Hysteresisinput
P1 /0 R = 1 kQ (typ.
Disable oy (typ)
Initial “Hi-Z" VDD Tri-state /0
R = 1kG (typ.)
P6 I/0
Disable C
1
~
Initial “Hi-Z2" viD Fri-state|l/O
P-ch Control I:‘};
R=1kQ (typ.)
P7 /0
Disable < R
1
~J
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Electrical Characteristics
(1) 87C408/808
Absolute Maximum Ratings (Vss=0V)
Parameter Symbol Conditions Ratings Unit
Supply Voltage Vpp -0.3t06.5 \
Input Voltage Vin <0.3toVpp+0.3 Vv
Output Voltage Vourt -0.3toVpp+0.3 \Y
lout1 | P1,P6 3.2 mA
Output Current (Per 1 pin) ot louT2 P7 (Middle current port) 15 mA
IOH louts |P1,P6,P7 -8 mA
S lour1 |P1,P6 50 mA
Output Current (Total) oL S lout2 | P7 (Middle current port) 60 mA
IOH S loutz | P1,P6,P7 30 mA
Power Dissipation [Topr=70°C] PD SDP 300 mw
SOP 180
Input Current i1 p1,ps, Py 10 mA
Iin2 -1.0
Soldering Temperature (time) Tsld 260(105s) °C
Storage Temperature Tstg -55t0 125 °C
Operating Temperature Topr -30t0 70 °C

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

Recommended Operating Conditions

(Vss =0V, Topr=-=304070°C)

Parameter Symbol Pins Conditions Min Max Unit
NORMAL mode
fe<8MHz MIDIE mode 4.5
f¢ = NORMAL mode
Supply Voltage Vbp 4.2 MHz | IDLE mode 2.7 5.5 v
STOP mode 2.0
Vi Except hysteresis input - Vpp % 0.70
. Vigo Hysteresisinput Vpp=4.5V Vpp %X 0.75
Input High Vpltage Vpp \
V|H3 2.7V§VDD<4.5V VDDXO.QO
Vi1 Except/hysteresis input - Vpp % 0.30
Vi Hysteresis input Vpp=4.5V Vpp % 0.25
Input-Low Voltage 0 \Y
V||_3 2.7V§VDD<4.5V VDDXO.10
Vpp=4.5t05.5V 8.0
Clock Frequency fc XIN, XouT Vpp=2.7105.5V 1.0 4.2 MHz

Note 1: The recommended operating conditions for a device are operating conditions under which it can be guaranteed that
the device will operate as specified. If the device is used under operating conditions other than the recommended
operating conditions (supply voltage, operating temperature range, specified AC/DC values etc.), malfunction may
occur. Thus, when designing products which include this device, ensure that the recommended operating conditions
for the device are always adhered to.

Note 2: Clock frequency fc: Supply voltage range is specified in NORMAL mode and IDLE mode.

Note 3: Minimum of clock frequency: 1 MHz = fcgck
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TOSHIBA TMP87C408/808

D.C. Characteristics (Vss=0V, Topr= -30to 70°C)
Parameter Symbol Pins Conditions Min_| Typ. | Max | Unit
Hysteresis Voltage Vs Hysteresis inputs - 0.9 - \
lint TEST
Input Current | Tri-state port Vop=55V 2 2 A
rren ri- S -
put Curre IN2 I-state ports V|N=5.5V/0V Yz
s | RESET, STOPi
Rint | TEST 30 70 150
Input Resistance Rin2 RESET 100 220 450 kQ
Rin3 STOPi i=2t05 30 70 150
Output Leakl Current Lo Tri-state ports Vpp =5.5V,Noyr=5.5v/0V -2 ~ 2 HA
Output High Voltage Vounz | Tri-state ports Vpp=4,5V, tgy =—0.7 mA 4.1 - - \Y
Output Low Voltage VoL Except XOUT and P7 Vpp=4.5V, JoL= 1.6 mA - = 0.4 \
Output Low Current loLs P7 Vpp=4.5V, Vo = 1.0V - 7 - mA
fc = 6.5 10
Supply Currentin fegek g2 = 4.0 6.4
NORMAL mode fe/a _ 26 4.7
Vpp=5.5V
chjs MHz fc/8 - 1.9 3.9
Vi=5.3V/0.2v fc - 33 | 50
Supply Currentin IDLE fegck fc/2 - 2.4 3.9
mode faa | - 19 | 35
mA
| fc/8 - 1.6 33
DD
fc - 1.5 25
Supply Currentin
NORMAL mode fegek | fe/2 - 085 | 1.6
VDD=3-OV fC/4 - 06 1.2
fc="4.19-MHz
Supply Currentin IDLE Viv=28v/0.2v < - o8 -
upply Currentin
mode fegek | fe/2 - 0.55 1.1
fc/a - 0.45 0.9
Supply Currentin Vpp=5.5V
STOP mode ViN=53V/0.2V i B I e
Note 1: Typical values show those-at Topr =25°C, VYDD-=5V.
Note 2: Input Current l;n1, Iin3: The current through resister is not included, when the input resistor (pull-up or pull-down) is
contained.
Note 3: Ipp ; Except-forlger
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A/D Conversion Characteristics

(Vss=0V,Vpp=2.7t0 5.5V, Topr= - 30 to 70°C)

Parameter Symbol Conditions Min Typ. Max | Unit
\Y 2.7 - Vv
Analog Reference Voltage AREF DD \Y
Vass Vss
Analog Input Voltage Range VAN VAsS - VAREF Vv
Analog Reference Current IREF VaRep=5.5V, Vass (Vss) =0.0V =~ 0.8 1.0 mA
Nonlinearity Error Vpp= 5.0V = - +1
VAREF =5.000V
Zero Point Error Vass (Vss) =0.000 V - - +1
or LSB
Full Scale Error Vpp= 2.7V - - X
VaRep=2.700V
Total Error Vass (Vss) =0.000 V - - +2
Note: Quantizing error is not contained in those errors.
TMP87C408DM
Parameter Symbol Conditions Min Typ. Max Unit
Nonlinearity Error — - 1
Zero Point Error Vop=2.7V —+ - *
Foll Scale E VARrEr =2.700 V ; LSB
ull Scale Error Vs (Vsg) = 0.000 V ~ - *
Total Error _ _ +4

Note: For the TMP87C408, the guaranteed value for A/D conversion accuracy is different when Vpp = 2.7 V.
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TOSHIBA TMP87C408/808

A.C. Characteristics (1) (Vss=0V, Vpp=4.5t0 5.5V, Topr= -301070°C)
Parameter Symbol Conditions Min Typ. Max | Unit
In NORMAL mode
Machine Cycle Time tcy 05 - 4 s
In IDLE mode
High Level Clock Pulse Width tweH For external clock operation
50 - - ns
Low Level Clock Pulse Width twer | fe=8 MHz (XIN input)
. . ACK=0 46
A/D Conversion Time tabpc - S
ACK=1 184 tey
A/D Sampling Time tain - 4
A.C. Characteristics (II) (Vss=0V, Vpp=2.710 5.5V, Topr="-30to 70°C)
Parameter Symbol Conditions Min Typ. Max | Unit
In NORMAL mode
Machine Cycle Time tcy 095 - 4 )
In IDLE mode
High Level Clock Pulse Width twcH Forexternalclock operation
110 - - ns
Low Level Clock Pulse Width twer [ fe=4.2MHz
. . ACK=10 46
A/D Conversion Time tdpc - -
ACK=1 184 tey
A/D Sampling Time Al - 4

Note: A/D conversion/timing:
Internal circuit for AINO to-5 A/D conversion timing

AlIN selector I-I

{
Comp. ADS. Ny

12 pF Sk (typ) EOCF % « I
(typ.) )]
- a [ ] «
|

X To keep thesame level of an selgctor ! ! ”
analog inputduring tay is i i «
necessary for charging the AB I R ”
electron to.the.sample hold conversion ! ADC I—I
circuit. i i
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Recommended Oscillating Conditions (1)

(Vss=0V, Vpp=4.5t05.5V, Topr= -30to 70°C)

] Oscillation ] Recommended Conditions
Parameter Oscillator Frequency Recommended Oscillator C C,
KYOCERA KBR8.0M 30 pF 30 pF
8 MHz MURATA CSAC8.00MT 30 pF 30 pF
(VDD =4.5105.5V) IyGRATA CSAB.00MTZ
CST8.00MTW - -
Ceramic Resonator ¢5758.00MT
High-frequency 419MHz | MURATA CSA4.19MG | 30 pF 30 pF
Hati (vDD=2.7t05.5V)
Oscillation MURATA CSTA19MGW - -
4 MHz
(VDD=2.7t05.5V) KYOCERA KBR4.0MS 30'pF 30 pF
8 MHz
(VDD =4.5t05.5V) | TOYOCOM 210B 8.0000
Crystal Oscillator 2 MHz 20pE 20 pF
(VDD =2.7t05.5V) TOYOCOM 204B 4.000

Recommended Oscillating Conditions (II)

(VSS =0V, VDD =2.7t055V; TOpI’ = -30to0 70°C)

] Oscillation ) Recommended Conditions
Parameter Oscillator Freguency Recommended Oscillator < C,
419 MHz MURATA CSA4)19MG 30 pF 30 pF
(VDD =2.7t05.5V)
MURATA CSTA NIMGW - -
High-frequency . MURATA CSA4.00MG 30 pF 30 pF
Ceramic Resonator CSA4.00MGC - o
Oscillation 4 MHz MURATA CST4.00MIGW
(vbD42.7t05.5V) CSTC4.00MG B B
MURATA CSTCS4.00MG - -
XIN XOuT

D}j
G c

*

T

(1) High-frequency Oscillation

Note:~When used in high electric field such as a picture tube, the package is recommended to be electrically shielded to
maintain a regular operation.
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TOSHIBA TMP87C408L/808L

Electrical Characteristics

(1) 87C408L/808L
Absolute Maximum Ratings (Vss=0V)
Parameter Symbol Conditions Ratings Unit
Supply Voltage Vpp -0.3t05.5 Vv
Input Voltage AT ~0.3toVpp+0.3 Y
Output Voltage VouT -0.3toVpp+0.3 Vv
lout1 | P1,P6 3.2 mA
Output Current (Per 1 pin) oL louT2 P7 (Middle current port) 15 mA
IOH louts | P1,P6,P7 -18 mA
S oyt |P1,P6 50 mA
Output Current (Total) oL 3 lout2 | P7 (Middle current port) 60 mA
IOH | = lours |P1,P6,P7 30 mA
SDIP 300
Power Dissipation [Topr=70°C] PD SOP 380 mw
Input Current I P1,P6, P7 10 mA
lIn2 -1.0
Soldering Temperature (time) Tsld 260(105s) °C
Storage Temperature Tstg -55t0 125 °C
Operating Temperature Topr -30t0 70 °C

Note: The absolute maximum ratings are rated|values which must not be exceeded during operation, even for an instant. Any
one of the ratings must not be exceeded. If any absolute maximum ratingis exceeded, a device may break down or its
performance may be degraded, causing-jt te_catch fire or explode resulting in‘injury to the user. Thus, when designing
products which include this device,/ensure that no absolute maximum rating value will ever be exceeded.

Recommended Operating Conditions (Vss =0V, Topr= - 30ta70°C)

Parameter Symbol Pins Conditions Min Max Unit
NORMAL mode
fc= 4.2 MHz
Supply Voltage Vpp IDLE mode 1.8 4.0 \Y
STOP mode

Input High Voltage Vil Vpp x0.90 Vbp \Y
Input Low Voltage ViL 0 Vppx0.10 \Y
Clock Frequency fc XIN, XOUT Vpp=1.8t04.0V 1.0 4.2 MHz

Note 1. The-recommended operating conditions for a device are operating conditions under which it can be guaranteed that
the device will operate as specified. If the device is used under operating conditions other than the recommended
operating conditions (supply voltage,operating temperature range, specified AC/DC values etc.), malfunction may
occur. Thus, when designing products which include this device, ensure that the recommended operating conditions
forthe device are always adhered-to.

Note 2: Clock frequency fc: Supply voltage range is specified in NORMAL mode and IDLE mode.

Note 3: Minimum of clock frequency: 1 MHz = fcgck
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D.C. Characteristics (Vss=0V, Topr= -301t070°C)
Parameter Symbol Pins Conditions Min_| Typ. | Max | Unit
Hysteresis Voltage Vs Hysteresis inputs - 0.9 - \
1 | TEST
Input Current | Tri-state port Vop=4.0V 2 2 A
nput Curren IN2 ri-state ports Vi =4.0V/0V S - 2
lws | RESET, STOP
Rint TEST 30 70 150
Input Resistance Rin2 RESET 100 220 450 kQ
Rin3 STOPi i=2t05 30 130 150
Output Leakl Current Lo Tri-state ports Vpp =4.0V,Npoyr=4.0V/0V -2 ~ 2 HA
Output High Voltage Vouz | Tri-state ports Vpp =4,0V, tgy =—0.5mA 3.6 - - \Y
Output Low Voltage VoL Except XOUT and P7 Vpp=4.0V, oL 5 1.3 mA - 3 0.4 \
Output Low Current loLs P7 Vpp=4.0, Vo =1.0V - 6 - mA
fc = 22571 3.6
Supply Currentin
NORMAL mode fegek |92 | =] 135 | 25
fc/4 - 0.9 1.9
fe - 1.2 1.9
Supply Currentin
IDLE mode fegek | A2 - 0.9 1.7
fc/4 - 0.7 1.5
fc - 1.5 25
Supply Currentin
NORMAL mode fegek/| fe2 - 085 1.6 | mA
fc/d - 0.6 1.2
| fc - 0.8 1.4
Supply Currentin pD
IDLE mode fegek | fe/2 - 0.55 1.1
fc/a - 045 | 09
fc - 0.9 1.3
Supply Currentin
NORMAL mode fegck |f92 | - | 05 | 08
fc/4 - 0.3 | 0.45
fc - 035 | 0.5
Supply Currentin
IDLE mode fegek | fa2 - 0.23 | 0.35
fc/a - 0.17 | 0.26
Supply Currentin Vpp=5.5V B
STOP mode Vin=5.3V/0.2V 0.5 KA

Note-1: Typical values show those at Topr =25°C, VDD =4 V.

Note2: Input Current ljy;, Iiny3: The currént-through-resistor is not included, when the input resistor (pull-up or pull-down) is
contained.

Note3: Ipp;Except for Iper
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A/D Conversion Characteristics (I )

(VSS =0V,Vpp=18to4.0V,Topr= -30to 70°C)

Parameter Symbol Conditions Min Typ. Max | Unit
\ 1.8 - \
Analog Reference Voltage AREF bb \Y
Vass Vss
Analog Input Voltage Range VAN Vass - VAREF Y
Nonlinearity Error - - +2
. 1.8V = Varer < 2.7V +
Zero Point Error Varer = Vpp = 4.0 +2 <
Vass (Vss) =0.000 V - +
Full Scale Error ACK = 1 (Note2) +2
Total Error _ L +4

Notel: Quantizing error is not contained in those errors.
Note2: ACK ; bit5 of ADCCR (#000Ey) . conversion time = 184 tcy (175.6 us lat fcgek =4.19 MHz)

A/D Conversion Characteristics (II)

(Vss = 0V, Vpp = 2:7t0 4.0V, Topr = — 301t0.70°C)

Parameter Symbol Conditions Min Typ. Max | Unit
\Y) 2.7 - \Y
Analog Reference Voltage AREF DD v
Vass Vss
Analog Input Voltage Range Vain Vass - V AREF Vv
Analog Reference Current IREF VARer=4.0V, Vass (VSS) =0.0V - 0.5 1.0 mA
Nonlinearity Error Vpp=4.0V - - +1
VAREr = 4.000V
Zero Point Error Vasg (Vss) = 0.000 V - - +1
or LSB
Full Scale Error Vpp= 2.7V - - +1
VaRer=2.700 V
Total Error Vass (Vss) = 0,000V - - +2

|Note: Quantizing erroris not contained in those errors, |

3-08-81

2001-01-22



TOSHIBA TMP87C408L/808L
A.C. Characteristics (Vss=0V, Vpp=1.8104.0V, Topr= - 30to 70°C)
Parameter Symbol Conditions Min Typ. Max | Unit
In NORMAL mode
Machine Cycle Time tcy 0.95 - 4 s
In IDLE mode
High Level Clock Pulse Width tweH For external clock operation
™O - - ns
Low Level Clock Pulse Width twer  [fc=4.2MHz
. . ACK=0 46
A/D Conversion Time tapc - >
ACK=1 184 tcy
A/D Sampling Time tain - 4
Note: A/D conversion timing:
Internal circuit for AINO to 5 A/D conversion timing
AIN selector I-I
Comp. ¢ D ADS ()()
B2 o eoce 774 « [

X To keep the same level of an
analog input during tay is
necessary for charging the
electron to the sample hold
circuit.

7

an (o] g

selector ] ”

A/D l t I
-ADC
conversion
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Recommended Oscillating Conditions

(Vss=0V, Topr= -30t0 70°C)

Recommended Conditions

maintain a regular operation.

. Oscillation .
Parameter Oscillator Frequency Recommended Oscillator ¢ G
4.19 MHz MURATA CSA4.19MG 30pF 30 pF
(VDD=2.7t05.5V)
MURATA CST4.19MGW, - -
High-frequency MURATA CSA4.00MG 30 pF 30 pF
Ceramic Resonator CSAL.00MGC — =
Oscillation 4 MHz MURATA CST4.00MGW
(VDD=2.7t05.5V) CSTC4.00MG B B
MURATA CSTCS4.00MG - -
XIN XOUT.
(1) High-frequency Oscillation
Note: When used in high electric field such as a/picture-tube/the package isrecommended to be electrically shielded to
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