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TOSHIBA TMP87C841/C41/H41/K41/M41

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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TOSHIBA

TMP87C841/C41/H41/K41/M41

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)
TMP87C841N P-SDIP64-750-1.78 TMP87C841NG SDIP64-P-750-1.78 TMP87PM41NG
TMP87C841F P-QFP64-1420-1.00A TMP87C841FG QFP64-P-1420~1.00A Y| TMP87PM41FG
TMP87C841U P-LQFP64-1010-0.50D TMP87C841UG LQFP64-P-1010-0:50D" | TMP87PM41UG
TMP87CC41N P-SDIP64-750-1.78 TMP87CC41NG SDIR64-P-750-1.78 TMP87PM41NG
TMP87CC41F P-QFP64-1420-1.00A TMP87CC41FG QFP64-P41420-1.00A | TMP87PM41FG
TMP87CC41U P-LQFP64-1010-0.50D TMP87CC41UG KQFP64-P-1010-0.50D | TMP87PM41UG
TMP87CH41N P-SDIP64-750-1.78 TMP87CH41NG SDIP64-R/750-1.78 TMP87PM41NG
TMP87CH41F P-QFP64-1420-1.00A TMP87CH41FG QFPB4-P‘1420-1.00A | TMP87PM41FG
TMP87CH41U P-LQFP64-1010-0.50D TMP87CH41UG LQFP64-P-1010-0.50D /|- TMP87PM41UG
TMP87CK41N P-SDIP64-750-1.78 TMP87CK41NG SDIP64-P-750-1.78 TMP87PM41NG
TMP87CK41F P-QFP64-1420-1.00A TMP87CK41FG QFP64-P-1420-1.008  [~\TMP87PM41FG
TMP87CK41U P-LQFP64-1010-0.50D TMP87CK41UG LQFP64-P-1010-0.50D, \| TMP87PM41UG
TMP87CM41N P-SDIP64-750-1.78 TMP87CM41NG SDIP64-P-750-1.78 TMP87PM41NG
TMP87CM41F P-QFP64-1420-1.00A TMR87CM41FG QFP64-P-1420-1:00A— | TMP87PM41FG
TMP87CM41U P-LQFP64-1010-0.50D TMP8ZCM41UG LQFP64-P-1010-0.50D, | TMP87PM41UG

*: For the dimensions of the new package, s€e the attached Package Dimerfsions diagram.

3. Addition of notes on lead solderability

The following solderability test is conilducted.on the new device,

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

Test

Test Conditions

Remark

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
Ahe-numbey 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 TMP87C841/C41/H41/K41/M41

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.

111 2008-03-06



TOSHIBA TMP87C841/C41/H41/K41/M41

(Annex)

Package Dimensions

SDIP64-P-750-1.78

Unit: mm
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TOSHIBA TMP87C841/C41/H41/K41/M41

QFP64-P-1420-1.00A

Unit: mm
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TMP87C841/C41/H41/K41/M41

TOSHIBA

LQFP64-P-1010-0.50D

Unit: mm
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TOSHIBA TMP87C841/C41/H41/K41/M4a1

CMOS 8-BIT MICROCONTROLLER

TMP87C841N, TMP87CC41N, TMP87CHA41N, TMP87CK41N, TMP87CM41N
TMP87C841F, TMP87CC41F, TMP87CH41F, TMP87CKA41F, TMP87CMA41F
TMP87C841U, TMP87CC41U, TMP87CH41U, TMP87CK41U, TMP87CM41U

The 87C841/C41/H41/K41/M41 are the high speed and high performance 8-bjtsingle-chip microcomputers.
These MCU contain CPU core, ROM, RAM, input/output ports, an. A/D conveérter, six multi-function
timer/counters, two serial interfaces, and two clock generators on a chip>The 87C¢841/CC41/CH41/CK41/CM41
provide high current output capability for LED direct drive.

PART No. ROM RAM PACKAGE OTP MCU
—_TMPB7CBATN ___ C_PSDIP6A-750-178 | __TVIPB7PMATN |
T_TMPS7CBATF | 8Kx8bit | 256x8bit | P-QFP64-1420-100A | ~_TVP87PMATF. ]

TMP87C841U P-LQFP64-1010-0.50D TMP87PM41U
__TMP87CCAIN___ P-SDIP64,750-1,78 TMP87PMA41N
" TMIP87CCATF | 12Kx8-bit

TMP87CC41U 512x8-bit | P-LQFPE4-1010-0.50D | /“TMP87PM41L
__TMPSTCHAIN_ __ __P-SDIP64-750-178 _| _ TMPB7PMATN /|
“_TMPSTCHATE 7| 16K x8-bit | P-QFP64-1420-1,00A_ |~ _TVIPB7PMA1F(__]

TMP87CH41U P-LQFP64-1010-0.50D TMP87PMI41U
__TMP87CKAIN_ __ __P-SDIP64-750-178 _| 7 TMP87PMATN __|
T TMPB7CKATF "7 24K x8-bit " P-QFP64-1220-1.00A_ 1" TWIPB7AMATE ]

TMP87CK41U 1K x 8-bit P-LQFP64-1010-0.50D TMP87PM41U
~_TMPSTCVIAIN __ - P-SDIP64-750-178 | TMIP87PMAIN __|
“_TMPSTCVIATE_ | 32Kx8-bit | P-QFP64-1420-1,00A_7 ZTVMP87PMATF ]

TMP87CM41U P-LQFP64-1010-0.50D TMP87PMI41U

P-SDIP64-750-1.78

P-QFP64-1420-1.00A

P-LQFP64-1010-0.50D

TMP87C841N TMP87C841F TMP87C841U
TMP87CC4TN TMP87CCA1F TMP87CC41U
TMP87CHATN TMP87CHA1F TMP87CHA1U
TMP87CK41N TMP87CK41F TMPS7CKA1U
TMP87CMA41N TMP87CMA41F TMP87CMA1U
TMP8ZPM41N TMP87PM41F TMPS7PM41U
030519EBP2

@ Theinformation containeéd herein is subject/fo-change without notice.

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

@_TOSHIBA-is-continually working to~impfote 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 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 tess of human life, bodily injury or damage to property.

In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as set forth in the most recent
TOSHIBA products specifications. Also, please keep in mind the precautions and conditions set forth in the “Handling Guide for Semiconductor
Devices,” or “TOSHIBA Semiconductor Reliability Handbook” etc..

@ The TOSHIBA products listed in this document are intended for usage in general electronics applications (computer, personal equipment, office
equipment, measuring equipment, industrial robotics, domestic appliances, 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 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 devices, 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.

[ ] TOSI—lllBA products should not be embedded to the downstream products which are prohibited to be produced and sold, under any law and
regulations.

Fo% 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.

3-41-1 2003-05-22




TOSHIBA TMP87C841/C41/H41/K41/M4a1

FEATURES

@ 8-bit single chip microcomputer TLCS-870 Series
@ Instruction execution time : 0.5 s (at 8 MHz), 122 s (at 32.768 kHz)
@412 basic instructions
® Multiplication and Division (8 bits x 8 bits, 16 bits + 8 bits)
® Bit manipulations (Set/Clear/Complement/Move/Test/Exclusive or)
® 16-bit data operations
® 1-byte jump/subroutine-call (Short relative jump / Vector call)
15 interrupt sources (External : 6, Internal: 9)
® All sources have independent latches each,
and nested interrupt control is available.
® 4 edge-selectable externalinterruptswith noise reject
® High-speed task switching by register bank changeover
@ Input/Output ports (56 pins)
® High current output : 8 pins (typ. 20 mA)
@ Two 16-bit Timer/Counters
® Timer, Eventcounter, Programmable pulse generator output,
Pulse width measurement, External trigger timer, Window modes
@ Two 8-bit Timer/Counters
® Timer, Eventcounter, Capture (Pulse width/duty measurement),
PWM output, Programmable divider output modes
@ Time Base Timer (Interrupt frequency : 1 Hzto 16384 Hz)
@ Divider output function (frequency: 1kHzto 8 kHz2)
@ Watchdog Timer
@ High-speed PWM output (2 channel)
® Cycle : 32 kHz, 64 kHz, 128 kHz.
® Resolution : 8 bits, 7 bits, 6 bits
@ Two 8-bit Serial Interfaces
® Each 8 bytes transmit/receive data buffér
® Internal/external serial clock, and 4/8-bitmode
@ 10-bit successive approximate type A/Dconverter
® 16 analog inputs
® Conversiontime: 23 usat8MHz
@ Dual clock operation
@ Five Power saving operating modes
® STOP mode : Oscillation stops.\Battery/Capacitor back-up:
Port output hold/high<impedance.
® SLOW mode: Low power consumption operation_using low-
frequency/cloc¢k’(32.768 kHz).
® |IDLE1 mode : CPU stops, and Peripherals operate-using-high-
frequency clock. _Release by intérfupts.
® IDLE2 mode /CPU stops,and Peripheralseperate’using high and
low.frequencyclock. Releaseby interrapts.
® SLEEP mode: CPU_stops, and Peripherals operate using low-
frequency. clock. Release by interrupts.
@ Wide operating voltage ™/ 2.7 to 5.5 V.at4.19 MHz/32.768 kHz, 4.5t0 5.5V at 8 MHz/32.768 kHz.
@ EmulationPRod: BM87CM41NOA

3-41-2 2003-05-22



TOSHIBA

TMP87C841/C41/H41/K41/M41

PIN ASSIGNMENTS (TOP VIEW)
P-SDIP64-750-1.78

P-QFP64-1420-1.00A
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TOSHIBA

TMP87C841/C41/H41/K41/M41

BLOCK DIAGRAM

Power { vDD >
Supply VSS 4+—
T I~
1T 1T 1T 1T
P S W I Stack Pointer | Data Memory | Program Counter I
—
ALU Flags | Ras | (RAM)
_______________
| I * | Register Banks J,_
Reset I/0 RESET NP
System Controller
Testpin TEST Program Memory
Interrupt Controller | (ROM)
~—> Standby Controller T T T T T T T
| RN
Timing Generator >| TimeBase 16-bit 8-bit Serial
- - Timer Timer/Counters ||| Timer/Counters Interfaces
Resonator XIN High ~
Connecting 4 xOUT frequ. Clock a1 | 102 ye3 aca || sio1 | sio2 e Register
i T I~ = I~ T I~ -
Pins A~ Low Generator Watchdog
|r frequ. Timer Insty Decoder
Y
N g2 L
| T
= it ] ([ )
A/D converter 4
—_ T
I
R L L LU L1 L
P22 P77(AIN17) VAREF P67(AINZ) P17 P54 P47 P07 P37
to to to VASS to  to to to to to to
P20  P70(AIN10) P60 (AINO) P10 P50 P40 P00 P30/
/0 port (analog input) ~Analog - e
referefce™ ~(analoginput)
1/0 port voltage 1/0 ports
3-41-4 2003-05-22



TOSHIBA

TMP87C841/C41/H41/K41/M41

PIN FUNCTION
PIN NAME Input/ Output FUNCTION
P07 to POO 1’0
Two 8-bit programmable input/output
P17, P16 1’0 ports (tri-state).
PISTCD ] VOUTPYD | L Each bit of these ports can be |TMSMEOUMSIZINRUL
P14 (PPG) individually configured as an input or an{'programéble pulse generator output
................................... I/O(Output) outputunder softwarecontrol
P13 (DVO) During reset, all bits are configured as |[/Divideroutput
............................................................. inputs. Exarmalibterintinoas e
P12 (INT2/TC1) ' .
................................... When used as a divider output or a PPG|.Timer/Counter 1input ...
P11 (INT1) 1/0 (Input) output, the latch must be setto "1”. External interrupt input 1
P10 (INTO) External interrupt input-Q
P22 (XTOUT) 1/0 (Output) . . Resonator_connecting pins—+(32.768 kHz).
----------------------------------------------------------- 3-bitinput/output port with latch. For inputting external/clock, XTIN is used
o ooy | When used as an nput (e tne Taen |OXTOVTBQpersd ()
P20 (INT5/5TOP) must be set to “1”. External_mterrupt input’5 or STOP mode
release signaliinput
P37 to P30 /o 8-bit mputloutpu.t port (high. current output) withtatch.
When used as an input.port, the latch must be(set to/ 1"\
P47 (SO2) 1/0 (Output) o . 5102 serial'data output
............................................................. 8-bit input/output portiwith latch.
P46 (S12) 1/0 (Input) SI02| serial data input
P45 (SCK2) 1/0 (1/0) When used as an input port or a S10™{s(02 serial clock input/output
............................................................. input/output, the Iatch muSt be Set tO
P44 (SO1) I/O (Output) | sy SIO1 serial data output
P43 (SI11) 1/0 (Input) SIO1 serial datainput
P42 (SCK1) 1/0 (1/0) SIO1 serial clock input/output
P41, P40 KO
P54 (HPWM1) /O (Output) L -
.............................................................. 5-bit InPUVOUtPUt port withlatch. 8-bit High_speed PWM Output
P53 (HPWMO) I/OtQutpUt) | Wheh used-as an input port, an external
P52 (PWNI/PDO) VO (Input) interruptiinput, or a PWM/PDO, HPWNIO, S-Eit PWM outpu’tc)lord .
............................................................. HPWMT output, the latch must be set to | 8:it programmable divider output |
uqn External interruptinput 4 or
P31 INTATCH) SO 16 (Input) " Jimer/Counter4input ...
External interruptinput 3 or
P50 (INT3/TE3) Timer/Counter 3 input
P67(AIN7) to 8-bit programmable input/output port
(tri-state).” Each bit of the port can be
P60 (AINO) individually configured as an input or an .
"""""""""""""""""" VO(Input), \ [output under software control. (When | A/D converter analog inputs
P77(AIN17) to p . :
used an analog input, the latch must be
P70 (AIN10) set to P6CR and P7CR analog input.)
Resonator connecting pins for high-frequency clock.
XIN, XouT Input, Output For inputting external clock, XIN is used and XOUT is opened.
SEee= e Reset signal input or watchdog timer output/address-trap-reset output/system-clock-
RESET reset output.
TEST Input Test pin for out-going test. Be tied to low.
VDD, VSS +5V, 0V (GND)
Power Supply ] ]
VAREF, VASS Analog reference voltage inputs (High, Low)

3-41-5
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TOSHIBA TMP87C841/C41/H41/K41/M4a1

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 (ROM),\ the data memory
(RAM), and the reset circuit.

1.1  Memory Address Map
The TLCS-870 Series is capable of addressing 64K bytes of memory. Figure 1-1.shows the memory address
maps of the 87C841/CC41/CH41/CK41/CM41. 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,.and)all I/0 registers are mapped
in the SFR/DBR address spaces. There are 16 banks of general-purpose registers. The register banks are
also assigned to the first 128 bytes of the RAM address space.

0000y 0000y 0000y 0000y 00Q0y
SFR : 64 bytes : 64 bytes : 64 bytes : 64 bytes : 64 bytes
003F 003F 003F 003F 003F
0040 0040 0040 0040 0040 Regiister banks
: 128 bytes : 128 bytes : 128 bytes : 128 bytes g 128 bytes.| [(8 registers x
00BF [ ... 00BF |..ccooooiiiennn. (010]:] 0 DA, (010]:] 0 S 00BF|..i.. /. 16 banks)
OOFO 00Co 00CO 00C0 00Co
: : : : : 128 bytes
RAM : 896 bytes | 896 bytes i | 384hytes i | 384bytes | —p43F 4 |
023F | b 023F | \//
043F 043F
: -~ ~ [ d >~ ud et N e -~ ~
0F80 OF80 OF80 OF80
DBR | 128 bytes : | 128 bytes 1128 bytes : | 128bytes 128 bytes
OFFF OFFF OFFF OFFE
Pz = iz =~/ = A : P =
80?0 AOéOO CO_:OO ; ; Entry area for
32512 : X : o : page call
R Ao 24320 : 16128 D000 : instructions
T bytes Z= T b = T bytes 717 : 12032 EOOO 7936
: : yles { P bytes ~ T bytes T
FrO0 | i FFOO ™| e FFO0 [ FFO0 [T
ROM P 192 ] 192 : 192 192 | A1 192 L
: bytes : bytes T~ bytes/ T bytes § bytes
15:1: 3 FFBF |, -1 3 -1 -1 vector table for
FFCO 32 bytes FFCO 32 bytes FFCO™1 32 bytes FFCO | 33 bytes FFCO | 37 bytes jins‘frumons
FEDF |..7¢ ¥ EFDF |75 yees FEDF |5 . FEDF [.oo . FEDF [.ooin. (16 vectors)
FFEOQ FFEO FFEO Vector table for
32 hytes 32 bytes 32 bytes 32 bytes 32 bytes jmte,mpts/
FFFF FFFF FFFF FFFF FFFF reset (16 vectors)
87CMI41 87CK41 87CH41 87CC41 87C841
Note :
ROM  Read Only Memory includes : SER; Special Function Register includes : DBR; Data Buffer Register includes :
Program memory /O ports SI0O data buffer
RAM ;~._Random Access Memory includes.: Peripheral control registers
Data memory Peripheral status registers
Stack System control registers
General-purpose register banks interrupt control registers

Program Status Word

Figure 1-1. Memory Address Maps
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1.2 Program Memory (ROM)
The 87C841 has an 8K x 8-bit (addresses EO00 to FFFFy), the 87CC41 has a 12K x 8-bit (addresses D000
to FFFFH), the 87CH41 has a 16K x 8-bit (addresses C000y to FFFF), and the 87CK41 has a 24K x 8-bit
(address A000H to FFFFy), and the 87CM41 has a 32K-8-bit (address 80004 to FFFER) of program memory
(mask programmed ROM).
Addresses FFOOy to FFFFy in the program memory can also be used for special purposes.

(1) Interrupt/ Reset vector table (addresses FFEOy to FFFF)
This table consists of a reset vector and 15 interrupt vectors (2 bytes/vector),/ These vectors store a
reset start address and interrupt service routine entry addresses.

(2) Vectortable for vector call instructions (addresses FFCOy to FFDFy)
This table stores call vectors (subroutine entry address, 2 bytes/vector) for the vector callNinstructions
[CALLV n]. There are 16 vectors. The CALLV instruction increases memory efficiency whenutilized
for frequently used subroutine calls (called from 3 or moere-locations).

(3) Entry area (addresses FFOOH to FFFFQ) for page call instructions
Thisis the subroutine entry address area for the page callinstructions [CALEP~n]. Addresses FFOOy to
FFBFy are normally used because address FFCOyto FFFFy.are used for thevectortables:

Programs and fixed data are stored in the program memory. The instruction to’be executed next is read
from the address indicated by the current conténts ofthe program counter (PC)-—There are relative jump
and absolute jump instructions. The concepts'aof pageor bank boundarigs are not used in the program

memory concerning any jump instruction,
y gany) P Address ROM
Example: The relationship between-the ?28855) contents
jump instructions and thée PC. g%%%):v L
éEOQO) Example: The relationship
@ 5-bit PC-relative jump [JRS ¢, $ + 2-+d] g between ROM Contents
E8C4H: JRS T, $+2+(08H FFOO and Call group
When JF = 1, the jump is made to E8CEH, ',{'es:erfd'ons”nte"uw
which is 08y added to'the contents of the S A
PC. (The PC contains the address of the | o [ CALLP 7BH ; PCeFF7B,
instruction/ being -ex€cuted + 2; 24 U
therefore{ in_this  case, the PC contents E;E; all vector s6 CALLY OH bC 856
e T N A ol o vectori .. i PLe H
are E8C4y + 2=E8C6Y.) EFC1 caitveaor | cs
@ 8-bit PC-relative jump [R cc, $+2-d] P2
ESC4H: JR Z, $+2+80H
When/ZF.=, the jump is made.to E846y, FFDEF
which—is_FF80f4 (- 128) added to the FFEO |interruptvector (L) | 68  INTS . PCe D368y
current contents of the PC. FFE1 |interrupt vector (H)| D3
FFE2
@~J6-bit-absolute jufmp [JR ( a]
E8CAH : JP 0C235H FFF?D
An unconditional jump is made to | __.= [ resetvector(l) |3t RESET . PCe CO3E4
address C235y. Theabsolute jump | e |“resetvector (H) | €O
instruction can jump anywhere within
the entire 64K-bytes space. Figure 1-2. Program Memory Map

In the TLCS-870 Series, the same instruction used to access the data memory (e.g. [LD A, (HL)] ) is also used
to read out fixed data (ROM 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 jump processing can easily be programmed.
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Example 1 Loads the ROM contents at the address specified by the HL register pair
contents into the accumulator (87CH41 : HL=C000,,):

LD A, (HL) ; A<ROM (HL)

Example 2 Converts BCD to 7-segment code (common anode LED). When-A-= 054, 924 is
output to port P3 after executing the following program:

ADD A, TABLE-$-4 ; P3<ROM (TABLE +A)

LD (P3), (PC+A)

JRS T, SNEXT

TABLE: DB OCOH, OF9H, 0A4H, 0BOH, 99H, 92H, 82H, 0D8H, 80H;-98H
SNEXT :
Notes:  “$”is a header address of ADD instruction.
DB is a byte data difinition instruction. SHIC A
E S . : —\JP (PC+A) —
xample 3 N-way multiple jump in accordance with the contents of
accumulator (0=A<3): /5, ] 0 34 ____|

SHLC A . if AZ00,) then PCC234, %

P (PC +A) if A=0Tp/then PC—C378 . 777777 .
ifA=02y then PCDA37y ~ . [T/ 37 ]
if A=03, then PCEABUY, DA

DW 0C234H, 0C378H, ODA37H, 0EBOH  \ 7)) f------ ? —? ———————

| Note : DW is a word data definition instruction: ]

1.3 Program Counter (PC)
The program counter (PC) is a 16-bit redister which indicatesthe program memory address where the
instruction to be executed next is stored-—After-reset, theluser defined reset vector stored in the vector
table (addresses FFFFy and FFFER) is loaded into the PC ; therefore, program execution is possible from

any desired address.

For example, \when/C0y and 3Ey are stored at addresses FFFFy and FFFEy,

respectively, the execution starts from address CO3EH afterreset.

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 C123y is being
executed, the PC contains C125yy.

MsB LsB
1514131211109 8/7/6 5 J4l3 2 T 0 PC Contents :X a X a+1 X a+2 X a+3 ><
Program Counter/(PC)
PCy PG, Instruction Execution X a-2 X a-1 X a X a+1
(a)~Configuration (b) Timing chart of PC contents and Instruction Execution

Figure 1-3. Program Counter
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1.4 Data Memory (RAM)

The 87C841 has a 256 x 8-bit (addresses 0040 to 013Fy), the 87CC41/CH41 have a 512 x 8-bit (addresses
0040y to 023Fy), and the 87CK41/CM41 have a 1K x 8-bit (address 0040y 40 043Fy) of data memory
(static RAM). Figure 1-4 shows the data memory map.

Addresses 00004 to 00FF are used as a direct addressing area to enhance instructions-which utilize this
addressing mode; therefore, addresses 0040y to 00FFy in the data memory can also be used for user flags
or user counters. General-purpose register banks (8 registers x 16 banks) are also-assigned to the 128
bytes of addresses 0040y to 00BFy. Access as data memory is still\possible’even)when being used for
registers. For example, when the contents of the data memory at address 0040gis read out, the contents
of the accumulator in the bank 0 are also read out. The stack can bé/ocated anywhere within the data
memory except the register bank area. The stack depth is limited only‘by thefree data memory size. For
more details on the stack, see section “1.7 Stack and Stack Pointer”.

With the 87C841/CC41/CH41/CK41/CM41, programs in data memory cannot be executed./ If the.program
counter indicates a data memory address (addresses 0040y to- 013Fy for 87C841, addresses 00404 to
023Fy for 87CC41/CH41, addresses 0040 to 043Fy for 87CK41/CM4 1)/, an address-trap-reset.is,generated
due to bus error. (Output from the RESET pin goes low.)

Example 1 : If bit 2 at data memory address/ 00C€Qx.is “1”, 00y is written to data memory at
address 00E3y; otherwise, FF(j iswrittento the data memory-at address 00E3.
TEST (00COH).2 »Jif (00C0y) » = 0 then jump
JRS T,SZERO
CLR (00E3H) ; (00E3y) « 00y
JRS T,SNEXT
SZERO: LD (00E3H), OFFH ; (O0E3y) &FFy
SNEXT:
Example2 : Increments the contents of data memory at-address 00F54, and clears to 004 when
10y is exceeded.
INC (O0F5H) ; \{QOF5,) « (00F5y) + 1
AND (OOF5H), OFH . ~(00F5y) < (00F5.) AOF

The data memory contents become unstable when-the power supply is turned on; therefore, the data
memory should be/initialized-by an initialization'routine. Note that the general-purpuse registers are
mapped in the RAM ; therefore, do not clearRAM at the current bank addresses.

Example 1 : Clears RAM to “004" except the bank 0 (87C841)

LD Ht, 0048H ; Sets start address to HL register pair
LD WA, 0F700H ; Setsinitial data (00y) to A register
; Sets number of byte to W register pair
SRAMCLR : LD (HL+), A
DEC W
JRS F,»SRAMCLR

Example2 : ClearsRAM o “00H" except the bank 0 (87CC41/CH41)

LD HL, 0048H ; Sets start address to HL register pair

LD A, H ; Setsinitial data (004) to A register

LD BC, 01F7H ; Sets number of byte to BC register pair
SRAMCLR : LD (HL+), A

DEC BC

JRS F, SRAMCLR
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Example 3 Clears RAM to “004" except the bank 0 (87CK41/CM41, 87PM41)
LD HL, 0048H ; Sets start address to HL register pair
LD A, H ; Setsinitial data (00y) to A register
LD BC, 03F7H ; Sets number of byte to BCregister pair
SRAMCLR : LD (HL+), A
DEC BC
JRS F, SRAMCLR
Address 0 1 2 3 4 5 6 7 8 9 A B C D _EF

0040y _Register bank 0 _Register bank\1 \,

0050 Register bank 2 Register/bank 3

0060 Register bank 4 Registerbank 5

0070 Register bank 6 Register bank 7

0080 Register bank 8 Registerbank 9

R S e P R R T . Direct addressing area

0090 Register bank 10 Register bank 11 I 'ng

00A0 Register bank 12 Register bank 13

00BO _Register bank 14 /Register bank 15

00C0

00DO0

00EO

00FO0

0100

0110

0120

0130

0140

. Notel : The 87C841 does
: not have this area
; (0140,;,~043F) of

0230 RAM.

0240 Note2 : The 87CC41/CH41
do not have this
area (02404~

02550 043Fy) of RAM.

04:20

0430

Figure 1-4. Data Memory Map
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1.5 General-purpose Register Banks
General-purpose registers are mapped into addresses 00404 to 00BFy in the data memory as shown in
Figure 1-4. 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.

—

’_k—

— bank 15 (00B8 to 00BFy)

—! bank 14 (00BO to 00B7y) Example : Bank 0
: — bank 13 (00A8 to 00AF,) :
w oA bank 12 (00A0 to 00A7,;) .(.(.).9.3.1.!‘!).5.(.99.‘.19!1?.
""" B i ¢ : (0043 : (00423)
------------- I bank 4 (0060 to 0067, D i E
D i E - bank 3 (0058 to 005F) (0045y) 1(0044)
............. — bankz (0050t° 0057H)
H i L [~ bank1 (0048 to 004Fy) (004744) :(00464)
- bank 0 (0040 to 0047}
(a) Configuration (b) Address-assignments of registers

Figure 1-5. Geneypal-purpose Register Banks

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 ds'a general-purposé register;,theregister 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 byté and ‘A is low byte). Registers other than A can also be used as
accumulators for 8-bit operations.

Examples: @ ADD /A/ B ; AddsB-contents to A contents and stores the resultinto A.
@ SUB._ ‘WA{[ 1234H ; Subtracts 1234 from WA contents and stores the result into WA.
@ SUB E, A ; \Subtracts A contents from E contents, and stores the resultinto E.
(2) HL,DE

The HL and DE specify,a memory-address-—The HL register pair functions as data pointer (HL) /index
register (HL +d) /base register (HL + C), and the DE register pair function as a data pointer (DE). The
HL also,has an auto-post- increment and_auto-pre-decrement functions. This function simplifies
multiple digitdata processing, software LIFO (last-in first-out) processing, etc.

Example 1\:\® LD A, (HD) ; Loads the memory contents at the address specified by HLinto A.
@ LD A, (HL +52H) ; Loads the memory contents at the address specified by the value

obtained by adding 52 to HL contents into A.
(©) LD. A~(HL¥C) ; Loadsthe memory contents at the address specified by the value

obtained by adding the register C contents to HL contents into A.
@ LD AHL +) ; Loadsthe memory contents at the address specified by HL into A.
Then increments HL.
® LD A, (-HL) ; Decrements HL. Then loads the memory contents at the address
specified by new HL into A.

The 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.
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Example 2 : Block transfer

LD B, m ; m=n-1(n: Nunber of bytesto transfer)
LD HL, DSTA ; Sets destination address to HL
LD DE, SRCA ; Setssource address to DE
SLOOP: LD (HL), (DE) ; (HL) « (DE)
INC HL ; HLe<HL+1
INC DE ; DE«<DE+1
DEC B ; Be«B-1
JRS F, SLOOP ; ifB = 0thenloop

(3) B,CBC
Registers B and C can be used as 8-bit buffers or counters, andthe BC register pair €an be used as a
16-bit buffer or counter. The C register functions as an_offset register for register-offset index
addressing (refer to example 1 @ above) and as a divisorregisterfor the division/(instruction [DIV gg,

cl.
Example 1 : Repeat processing
LD B, n —Sets n as the number of repetitions te B
SREPEAT : processmg (n_+ 1times processing)
DEC B
JRS F, SREPEAT

Example 2 : Unsigned integer division.(16-bit + 8-bit)
DIV WA, C ; Divides'the WA contents by the C contents, places the
quotient inA and the remainderin W.

The general-purpose register banks areselected 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,-n}; {PUSH PSW], [POPPSW] to access the PSW. The PSW can be also
operated by the memory ad¢ess instruction.

Example 1/:/ Incrementing the RBS
INE (003FH) ¢ RBS/«—RBS + 1

Example 2 : “Reading the RBS
LD A, (003FH) i A« PSW (A3z.0 « RBS, Ay g<Flags)

Highly efficient programming and high-speed-task switching are possible by using bank changeover to
save registers duringinterrupt and to’'transfer parameters during subroutine processing.

During interrupt, the PSW is automatically saved onto the stack. The bank used before the interrupt was
accepted is restored automatically-by-executing an interrupt return instruction [RETIJ//[RETN] ; therefore,
thereissnoneed 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
pregram, and one bankcan.be assigned to each source. Also, to increase the efficiency of data memory
usage;-assign the same bank'to'interrupt sources which are not nested.

Example: Saving /restoring registers during interrupt task using bank changeover.
PINT1 : LD RBS, n ; RBS «n (Bank changeover)

RETI ; Maskable interrupt return (Bank restoring)
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1.6 Program Status Word (PSW)
The program status word (PSW) consists of a register bank selector (RBS) and four flags, and the PSW is
assigned to address 003F in the SFR.
The RBS can be read and written using the memory access instruction (e. g. [LD A, (003FH)], [LD (003FH),
Al, however the flags can only be read. When writing to the PSW, the change spécified by the instruction
is made without writing data to the flags. For example, when the instruction [LD (003FH), O5H] is
executed, “5" is written to the RBS and the JFisset to “1”, but the other flags are notaffected.
[PUSH PSW] and [POP PSW] are the PSW access instructions.

1.6.1 Register Bank Selector (RBS)

. . . . 7 4 2 1
The register bank selector (RBS) is a 4-bit register used to AN 3 - 0

select general-purpose register banks. For example, when JF ZF CF HF " _RBS

RBS =2, bank 2 is currently selected. During reset, the RBS is

initialized to “0". Figure 1-6. PSW (Flags,‘RBS) Configuration
1.6.2 Flags

The flags are configured with the upper 4 bits : a zero flag,\a €arry flag, a halfcarry 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-c¢, $+ 2 + d]/[JRS cc,
$ +2 +d]. After reset, the jump status flag is initialized to."1"”, other flags are notaffected.

(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)/0000y (for 16-bit operations); otherwise the ZFis-cleared to 0"
During the bit manipulation instructions [SET, CLR, and'CPL], the ZFis set to “1" if the contents of the
specified bitis “0”; otherwise the’ZFiscleared to “0".
This flag is set to “1" when the \upper |8 bits of the product.aré 004 during the multiplication
instruction [MUL], and when 004 forthetemainder during the division instruction [DIV]; otherwise it
is cleared to “0”.

(2) Carryflag (CF)
The CF is set to “1" whén/a’carry out of the MSB-(most'significant bit) of the result occurred during
addition or when-a horrow into the MSB of the result occurred during subtraction; otherwise the CF
is cleared to”0"”. During division, thisflag issetto 1" when the divisor is 004 (divided by zero error),
or when the quotient is-1004 or higher-(overflow error); otherwise it is cleared. The CF is also
affected during-the shift/rotate instructions [SHLC, SHRC, ROLC, and RORC]. The data shifted out
from a register is setto’'the CF.
This flag jsialso a 1-bit register (a boolean-accumulator) for the bit manipulation instructions.
Set/clear/complement are possible with the/-CF manipulation instructions.

Example1 : Bit manipulatian

LD CF, (0007H) .5 i (0001); « (0007,)s 3 (009AL)o
XOR CF, (009AH) . 0
LD (0001H). 2, CF
Example2 : Arithmetic rightshift
LD CF,A.7 i AeA/2
RORC A

(3) Half carry flag (HF)
The HF isset to “1” when a carry occurred between bits 3 and 4 of the operation result during an 8-
bit addition, or when a borrow occurred from bit 4 into bit 3 of the result during an 8-bit
subtraction; otherwise the HF is cleared to “0”. This flag is useful in the decimal adjustment for BCD
operations (adjustments using the [DAA r], or [DAS r] instructions).
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Example: BCD operation
(The A becomes 474 after executing the following program when A = 19y, B =284)
ADD A, B i Ae41y, HF <1
DAA A ; Ae<41y + 06y = 47, (decimal-adjust)

(4) Jump status flag (JF)
Zero or carry information is set to the JF after operation (e. g. INC, ADD, CMP,TEST).
The JF provides the jump condition for conditional jump instructions/[JRS\T/F, $ +2 +d], [JR T/F,
$ +2+d] (T or Fis a condition code). Jump is performed if the JFis“1"for.a true condition (T), or the
JFis “0" for a false condition (F).
The JF is set to “1" after executing the load/exchange/swap/nibble rotaté/jump instruction, so that
[JRST,$+2+d]land [JRT, $ + 2 +d] can be regarded as an unconditionaljump instruction.

Example : Jump status flag and conditional jump instraction

INC A

JRS T, SLABLE1 ;/dJump when a carry is caused by, the immediately
: preceding operation instruction’

LD A, (HL)

JRS T, SLABLE2 ~JFissetto “1” by theimmediately preceding

instruction, making ithan unconditional jump
instruction.

Example :The accumulator and flags become-as'shown below after executing) the following instructions
when the WA register pair, the HL-register pair, the data-memary-at address 00C5y, the carry flag
and the half carry flag contents being “219AK", “00C541", “D7x™, “1" and “0", respectively.

Instruction Acc. after Flag.after .execu.tion Instruction Acc. after Flag.after .execu.tion
execution | JE~i ZF C€F HF execution | JF i zF i CF : HF

ADDC A, (HL) 72 1o i) i INC_ A 98 oioi1io
SUBB A, (HL) Q2 1010 ROLCN A 35 1010
cmP A, (HL) 9A 0 0 1 0 RORC A <D 0 0 0 0
AND A, (HL) 92 0 0 1 0 ADD WA, 0F508H 16A2 1 0 1 0
LD A, (HL) D7 1 0 1 0 MUL W, A 13DA 0 0 1 0
ADD A, 66H 00 1 1 1 1 SET A5 BA 1 1 1 0

1.7 Stack and Stack'Pointer

1.7.1 Stack
The stack ‘provides the area in-which-the return address or status, etc. are saved before a jump is
performed to the prgcessing \routine during the execution of a subroutine call instruction or the
acceptance of an interrupt./On.asubroutine call instruction [CALL a] / [CALLP n] / [CALLV n], the contents
of the PC (the return address).is saved; on an interrupt acceptance, the contents of the PC and the PSW
are saved (the PSW is pushed first, followed by PCy and PC|). Therefore, a subroutine call occupies two
bytes on the stack; an interrupt occupies three bytes.
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 PC| is popped first, followed by PCH and PSW).
The stack can be located anywhere within the data memory space except the register bank area,
therefore the stack depth is limited only by the free data memory size.
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1.7.2 Stack Pointer (SP)
The stack pointer (SP) is a 16-bit register containing the
address of the next free locations on the stack.
The SP is post-decremented when a subroutine call or a push
instruction is executed, or when an interrupt is accepted; and
the SP is pre-incremented when a return or a pop instruction is
executed. Figure 1-8 shows the stacking order.

MSB LSB
151413 12 11009 8 7 6 5 43 2 10

Stack-Painter (SP)

Figure1;7-—Stack Pointer

The SPis not initialized hardware-wise but requires initialization by an initialize routine (sets the highest
stack address). [LD SP, mn], [LD SP, gg]l and [LD gg, SP] are the SP access instructions (mn ; 16-bit

immediate data, gg ; register pair).

Example 1 :To initialize the SP

LD SP, 013FH ; SP<013Fy
Example 2 : To read the SP
LD HL, SP ; HLeSP
At acceptance
of interrupt
At execution of or At executionof
a CALL/CALLV/CALLP at execution of At exécution-of a RETI/RETN
instruction aSWI instruction a RET instruction instruction
013C 013¢
013D 013D
013E 013E
013F OI3E ), PCH 0040,
: stack
depth
SP before :
execution 01$D 01 f3F ﬁ
023F) :
SP after 013F (023F):
execution

(a) Stacking order

(b) Stack depth

Figure1-8; Stack

1.8 System Clock Controller

The system clock controller consists of-a-clock generator, a timing generator, and a stand-by controller.

TBTCR

Timing generator control register

N Clock /7.
! generator. 0036y G
- XIN L g
|:|I D. : High-frequency. : Timing
’_| I clock oscillator generator
xouT :
D; | AR
—_—————
[}

System clocks

Stand-by controller

Clock generator control

5 ; : Low-frequency fs 00384 0039,
’_| D clock oscillator | SYSCR1 | | SYSCR2
XTOUT =7 ¢
H :

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. It contains two oscillation circuits: one for the high-frequency clock and one
for the low-frequency clock. Power consumption can be reduced by switching of the system clock
controller to low-power operation based on the low-frequency clock.

The high-frequency (fc) and low-frequency (fs) clocks can be easily obtained by connecting a resonator
between the XIN/XOUT and XTIN/XTOUT pins, respectively. Clock input from-an external oscillator is also
possible. In this case, external clock is applied to the XIN/XTIN/pin with/the) XOUT/XTOUT pin not
connected. The 87C841/CC41/CH41/CK41/CM41 are not provided an RCescillation.

e m e

""""""" High-frequency clock "=~~~ =7""777"71 FTTTTTTT T Low-frequency clock TTTTTTT T
1 1 1

1 1 1

XIN XOUT XIN XOUT ' I XTIN XTOUT XTIN XTOUT |
1 1 1

I N !

(open) | i (open) i

1 1 1

[l o L] !

1 1 1

1 1 1

L |

1 1 1

& I e
1 1 1

(a) Crystal/Ceramic (b) External oscillator 1 H (c) Crystal (d) External oscillator i
resonator j E_ J:

1.8.

Figure 1-10. Examplésof Resonator Connection

Note: Accurate Adjustment of the Oscillation-Frequency;
Although no hardware to externally and directly/monitorthe basic clock pulse is not
provided, the oscillation frequencycan be adjusted by making the program to output
fixed frequency pulses to the portwhile disabling allinterrupts and monitoring this
pulse. With a system requiring-adjustment of the oscillation frequency, the adjusting
program must be created beforehand.

Example: To output the high=frequency oscillatien-frequency adjusting monitor pulse to P13

(DVO) pitv.
SFCCHK: LD —~P1CR),,00001000B ; ConfiguresportP13 asan output
SET  (P1)3 ;/"P13 output Jatch ¢ 1 output waveform ,
LD~ ATBTCR), 1Y100000B ; Enables divider output | | |
JRS ~\T,% ;—Loopsendless : /1024 :

2 Timing Generator
The timing generator generates from the basicclock the various system clocks supplied to the CPU core
and peripheral hardware. The timing generator provides the following functions :

@® Generation of main system clock

@-Generation of divider.output (DVO) pulses

@ Generation of source clocks for time base timer

@’ Generation ofsource clocks for watchdog timer

® Generatiortofinternal source clocks for timer/counters TC1 - TC4
® Generation of internal clocks for serial interfaces SIO1 and SI02
@ Generation of warm-up clocks for releasing STOP mode
Generation of a clock for releasing reset output

(1) Configuration of Timing Generator
The timing generator consists of a 21-stage divider with a divided-by-4 prescaler, a main system clock
generator, and machine cycle counters. An input clock to the 7th stage of the divider depends on
the operating mode and DV7CK (bit 4 in TBTCR) shown in Figure 1-11 as follows.
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During reset and at releasing STOP mode, the divider is cleared to “0”, however, the prescaler is not
cleared.

@ Inthesingle-clock mode
A divided-by-256 of high-frequency clock (fc/28) is input to the 7thstage of the divider.

@ Inthe dual-clock mode
During NORMAL2 or IDLE2 mode (SYSCK =0), an input clock to the 7th-stage of the divider
can be selected either “f¢/28" or “fs"” with DV7CK.
During SLOW or SLEEP mode (SYSCK = 1), fs is automatically-input-to the 7th stage. To input
clock to the 1st stage is stopped ; output from the 1st to/6th stages is also stopped.

] fcorfs . Il +» machine cycles
.| mainsystem clock selector machinecycle.counters L > stafes
SYSCK T )
DV7CK
prescaler divider fe/28 S divider
\ G % A
L—:ggcrlw(-frequency fe 124 2 3|4|5(6 Y1718 | 9 [10]11]12|13[14]15]16|17{18[19]20]24
B
Low-frequenc fs r
clock 9 y fs MPX Reset circuit
b—)) Stand-by
- controller
B S
Timer/ >
Counters Watchdog
Timer
L 5
Serial Time Base
Interfaces Timer
Divider
output circuit
Note : MPX; Multiplexer
Figure 1-11. Configuration of Timing Generator
2 1 L
TBTCR  [@wvoe)] ©ovoc [ ovrek [ rerem ] (TBTCK) | | (nitialvalue:  0%+0 Oxx+)
(0036) - -
Selection of input'clock to 0: fc/28 [Hz | |
| BVIk Ithe 7th stage oﬁ‘the divider | 1:fs [Hz] RW
Notel : fc,; high-frequency clock [Hz], fs ; low-frequency clock [Hz], * ; don’t care
Note2:  DomnotsetDVZCK to “1” in the single-clock mode.
Note 3~ Daq notsetDV7CK to “1” before low-frequency clock is stable in the dual-clock mode.

Figure1-12. Timing Generator Control Register

(2) “Machine Cycle
Instruction execution and peripheral hardware operation are synchronized with the main 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 cycle for execution to 10-cycle instructions which require 10 machine cycles for
execution.
A machine cycle consists of 4 states (S0 to S3), and each state consists of one main system clock.
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1
Main System Clock —l I

State | S0

1/fc or 1/fs [s]
———>»]

L M1 L rarer
|

52 s3 so | st [ (s2n ] s3 |

S1

1
Machine cycle——>!

0.5us atfc=8MHz
122 s atfs=32.768 kHz

Figure 1-13. Machine Cycle

1.8.3 Stand-by Controller
The stand-by controller starts and stops the oscillation circuits forthe high-frequency and low-frequency
clocks, and switches the main system clock. There are two opé€rating modes: single-clock\and dual-clock.
These modes are controlled by the system control registers (SYSCR1, SYSCR2).
Figure 1-14 shows the operating mode transition diagram and Figure 1-15 shoWws the system control
registers. Either the single-clock or the dual-clock mode can be selected by anoptionduringyreset.

(1) Single-clock mode
Only the oscillation circuit for the high-frequency cleck is used, and P21 (XTIN) and P22 (XTOUT) pins
are used as input/output ports. In the single-clock mode, the machine cycle-time is 4/fc [s] (0.5 us at
fc=8 MHz).

@ NORMAL1 mode

In this mode, both the CPU core.and on-chip péripherals'operate using the high-frequency
clock. In the case whete the single-clock mode-has been selected as an option, the
87C841/CC41/CH41/CK41/CM41)are placed in this mode after reset.

IDLE1 mode

In this mode, the internaloscillation circuit-remains active, and the CPU and the watchdog
timer are halted; however, on-chip peripherals-femain active (operate using the high-
frequency. clock)./IDLE1 mode is started by-setting IDLE bit in the system control register 2
(SYSCR2),"and IDLETmode is released to'NORMAL1 mode by an interrupt request from on-
chipfperipherals-or,external‘interruptinputs. When IMF (interrupt master enable flag) is “ 1"
(interrupt/enable), the execution will-resume upon acceptance of the interrupt, and the
operation.will return te_normal after the interrupt service is completed. When IMF is “0”
(interrupt disable), the execution will resume with the instruction which follows IDLE mode
start instruction.

STOPtmode

In\this mode, the internaloscillation circuit is turned 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 output status of all output ports can be set to either
output hold or'’high-impedance under software control.

STOP1 mode is started by setting STOP bit in the system control register 1 (SYSCR1), and
STOP1 mode is released by an input (either level-sensitive or edge-sensitive can be
programmably selected) to the STOP pin. After the warming-up period is completed, the
execution resumes with the next instruction which follows the STOP mode start instruction.
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(2) Dual-clock mode

Both high-frequency and low-frequency oscillation circuits are used in this mode. Pins P21 (XTIN)
and P22 (XTOUT) cannot be used as input/output ports. The main system clock is obtained from the
high-frequency clock in NORMAL2 and IDLE2 modes, and is obtained from the low-frequency clock
in SLOW and SLEEP modes. The machine cycle time is 4/fc [s] (0.5 s at fc 58 MHz) in NORMAL2 and
IDLE2 modes, and 4/fs [s] (122 us at fs=32.768 kHz) in SLOW and SLEEP modes. Note that the
87PM41 is placed in the single-clock mode during reset. To use the dual-ctock mode, the low-
frequency oscillator should be turned on by executing [SET (SYSCR2).XTEN] instruction.

® NORMAL2 mode

In this mode, the CPU core operates using the high-frequency|clock. On-chip peripherals
operate using the high-frequency clock and/or low-frequency’clock. In case-that the dual-
clock mode has been selected by an option, the 870841/CC49/CH41/CK41/CMA1 areplaced in
this mode after reset.

SLOW mode

This mode can be used to reduce power-consumption by turning off oscillation/of the high-
frequency clock. The CPU core and onichip-peripherals operate_using-the Toew-frequency
clock.

Switching back and forth between NORMAL2/and SLOW modes is‘performed by the system
control register 2.

IDLE2 mode

In this mode, the internal oscillation circuits remain active."The CPU and the watchdog timer
are halted; however, on-chip petipherals remain-active (operate using the high-frequency
clock and/or the low-frequency\clock). Starting and-releasing of IDLE2 mode are the same as
for IDLE1 mode, except thatoperation returns to NORMAL2 mode.

SLEEP mode

In this mode, the internal-oscillation circuit of the low-frequency clock remains active. The
CPU, the watchdog timer, and the internal oscillation circuit of the high- frequency clock are
halted;-however;-on<chip peripheralsremain active (operate using the low-frequency clock).
Starting and-releasing of SLEEP mode’is the)same as for IDLE1 mode, except that operation
returns.to SLOW-mode.

STOP2 mode
Asin STOP1 mode, all system operations are halted in this mode.
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RESET1

reset release

Ftw: software
IDLE1 <A NORMAL1 |~ > STOP1
mode - mode mode
interrupt STOP pin input
(a) Single-clock mode
RESET2
reset release
software
IDLE2 NORMAL2
mode mode
interrupt
szfrt STOP-pin STOP2
mode
software
SLEEP SLOW, .
mode mode S~ software
interrupt
(bY Dual-clock mode
Notel: NORMAL1 and /NORMAL2 modes>are
generically~called NORMAL,; STOP1\and
STOP2.are calléd STOP; and IDLE1, IDLE2 and
SLEEP are called IDLE.
Note2: 87PMA41 doesn’t have RESET2 mode.
) Frequency On-chip Machine cycle
Operating mode CPUcore
High-frequency- [ tow-frequency Peripherals time
| RESET] reset reset
g NORMAL1 turning o T 4/fc [s]
e} o : operate c[s
‘:,) oscittation turning off P operate
?}\ IDLE1 oscillation
c - halt
- turning off _
W
STOP1 oscillation halt
RESET2 reset reset
turning on
<[ NORMAL2 Bectilation High-frequency operate a/fc[s]
4 .
: High and/or Low,
© IDLE2 turning on halt (Hig )
(S} S
o oscillation
S stow Low-frequency ; ais[s]
a \ Low-frequency sls
ff
SLEEP turr.ung.o
oscillation halt
turning off a _
STOP2 oscillation halt

Figure 1-14. Operating Mode Transition Diagram
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System Control Register 1

1 0
YSCR1 m—m—0——————> = 3 £ .l R .
ey Do [ [rew Joura] _wpr """ (il value: 0000 Gone)
0 : CPU core and peripherals remain active
STOP | STOP mode start 1: CPU core and peripherals are halted
(start STOP mode)
RELM Release method 0 : Edge-sensitive release
for STOP mode 1 : Level-sensitive release
Operating mode 0 : Return to NORMAL mode
RETM R/W
after STOP mode 1 : Return to SLOW mode
OUTEN Port output control 0 : High-impedance
during STOP mode 1 : Remain unchanged
. . 00: 3x2"%/fc or 3x2%/fs [s]
wor |emnenes o ek e
9 1* :  Reserved
Note 1:  Always set RETM to “0” when transiting from NORMAL Vmode to STOP1 mode and fromNOMAL2
mode to STOP2 mode. Always set RETM to”1”when-transiting from SLOW mode\to STOP2 mode.
Note2:  When STOP mode is released with RESET pin input, a.return is made to NORMAL mode regardless of
the RETM contents.
Note3: fc ; high-frequency clock [Hz]
fs ; low-frequencyclock [Hz]
* ; don’t care
Note4:  Bits1and0inSYSCR1 are read.in'as undefined data when a read.instruction is executed.
Note5:  When the STOP mode is startéd by-specifying OUTEN-="0“-the internal input of port is fixed to "0”

and the interrupt of the falling'.edge may be set.

System Control Register 2

SYSCR2

7
(0039y) | xen | xren | svsck| iote |

(Initial value: 10/100 ***x*)

XEN

High-frequency oscilator | 0 : Turn off oscillation
control 1 : Turnon'oscillation

XTEN

Low-frequency Joscillator | 0 : Turn offescillation
control 1 /TFurn onoscillation

SYSCK

Main system- clock select
(write)/main’system clock
menitor (read)

0 "High-frequency clock
1 “~Low-frequency clock

IDLE

0 : CPU and watchdog timer remain active

IDLE
mode start 1_: CPU and watchdog timer are stopped (start IDLE mode)

Note T
Note2.:
Note 3.;
Noted;
Note 5+

Note 6 :

Alreset is applied (RESET pin output goes low) if both XEN and XTEN are cleared to “0”.

DO not clear XEN ta \"0” when SYSCK =0, and do not clear XTEN to “0” when SYSCK =1.

WDT; watchdog timer, * ; don’t care

Bits 3- 0 in SYSCR2-are always read in as “1” when a read instruction is executed.

An optional injtial value can be selected for XTEN. Always specify when ordering ES (engineering
sample).

The instruction for specifying Masking Option (Operating Mode) in ES Order Sheet is described in
ADDITIONALINFORMATION “Notice for Masking Option of TLCS-870 and TLCS-870/X series” section 8.

XTEN | operating mode after reset

0 Single-clock mode (NORMAL1)
1 Dual-clock mode (NORMAL?2)

Figure 1-15. System Control Registers
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1.8.4 Operating Mode Control

(1) STOP mode (STOP1,STOP2)
STOP mode is controlled by the system control register 1 (SYSCR1) and the'STOP pin input. The STOP
pin is also used both as a port P20 and an INT5 (external interrupt input 5) pin._.STOP mode is started
by setting STOP (bit 7 in SYSCR1) to “1”. During STOP mode, the following statusjismaintained.

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

@ The data memory (except for DBR), registers and port output/latches are all held in the
status in effect before STOP mode was entered. The portoutput can be select either output
hold or high-impedance by setting OUTEN ( bit 4 in SYSCR1).

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

@ The program counter holds the address of the instruction fellowing the instruction which
started the STOP mode.

STOP mode includes a level-sensitive release mode and an ‘edge-sénsitive release' mode; gither 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/~Thisimode is used for
capacitor back-up when the main power supply iscut.off and long term battery back-up.
When the STOP pin input is high, executinganinstruction which starts-the STOP mode will not
place in STOP mode but instead will immediatelystart the release sequénce/(warm-up). Thus, to
start STOP mode in the level-sensitive release mode, it is necessary“for the program to first
confirm that the STOP pin input is low! The-folJlowing method can/bé used for confirmation:
® Using an external interrupt input INT5(INT5 is a falling edge-sensitive input).

Example : Starting STOP mode with an INT5 mterrupt

PINT5 : TEST (P2) 0 ; “To'reject noise, the STOP mode does not start if
JRS F, SINT5 portR20’is’at high
LD (SYSCR1), 01000000B ; Sets up the level-sensitive release mode.
SET (SYSCR1).7 » Starts STOP mode

SINTS : RETI

7P pin \ Fon \

xouren (1ML AR AR

NORMAL i STOP i NORMAL

operation ’g operation '; Warm-up e operation
Confirm by-program that the

STOP mode is released by the hardware.

STOP pin inputis low and
start STOP mode. Allwe.ays relleas‘ed if the STOP
pininput is high.

X~
LAVENERVEN

Figure\1-16. Level-sensitive Release Mode

Note: _When changing ta'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.

b. Edge-sensitive release 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 executed repeatedly 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.
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Example : Starting STOP mode operation in the edge-sensitive release mode
LD (SYSCR1), 100000008 ; OUTEN « 0 (specifies high-impedance)
DI ; IMF « 0 (disable$ interrupt service)
SET (SYSCR1).STOP ; STOP « 1 (activates stopmode)
LDW (IL),1110011101010111B ; IL12,11,7,5,3«0Q
(clears interrupt latches)
El i IMF « 1 (enables.interruptservice)
. | £
— F\ A \
STOP pin ! 1y ! (4
' 7 ’ ¢
I 1 1 1
é\lp%lg\{léh / opSeTr-chi,on ——>r< Warm-up x| NORMAL /“ opggcli)on S
oOperation
STOP mode started
by the program. STOP mode is released by the hardwaré at'the rising
edge of STOP pin input.

Figure 1-17. Edge-sensitive Release Mode

STOP mode is released by the following sequence:

® When returning to NORMAL2, both-the high-frequency andlow-frequency clock oscillators
are turned on ; when returning(to SLOW mode, only the/low-frequency clock oscillator is
turned on. When returning t¢ NORMALT, only the-high-frequency clock oscillator is turned
on.

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

® When the warming<up/time has elapsed, normal operation resumes with the instruction
following the STOP mode start instruction (e:gx [SET (SYSCR1). 7]). The start is made after
the divider of the timing-generator is cleared-to*0".

Table 1-1. Warming-up-Time example

Réturn'to NORMALT mode Return to SLOW mode
WUT At f¢ = 4.194304 MHz At-fc=8 MHz WUT At fs=32.768 kHz
3x2"9/fc [s] 375 [ms] 196.6° [ms] 3x2%/fs [s] 750 [ms]
29/ fc 125 65.5 23/ fs 250
Note : Thewarming-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.

In this case, even if thesetting is to return to the SLOW mode, it starts from the NORMAL mode.
(If the initial XTEN of 87C841/C41/H41/K41/M41 is set to “1” by mask option, they start from
NORMAL2 mode. In case of 87PM41 starts from NORMAL1 mode.)
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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 thé RESET pin drops
below the non-inverting high-level input voltage (hysteresisinput).
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(2

IDLE mode (IDLE1, IDLE2, SLEEP)
IDLE mode is controlled by the system control register
2 and maskable interrupts. The following status is
maintained during IDLE mode.

@® Operation of the CPU and watchdog timer is
halted. On-chip peripherals continue to
operate.

@ The data memory, CPU registers and port
output latches are all held in the status in
effect before IDLE mode was entered.

@ The program counter holds the address of
the instruction following the instruction
which started IDLE mode.

Example : Starting IDLE mode.

SET (SYSCR2) .4 ; IDLE&1

IDLE mode includes a normal release mode and an
interrupt release mode. Selection is made with.the
interrupt master enable flag (IMF). Releasing.the IDLE
mode returns from IDLE1 to NORMAL1, fromIDLE2to
NORMALZ2, and from SLEEP to SLOW mode,

a. Normal release mode (IMF = “0%)

IDLE mode is released by any interrupt source
enabled by the individual interrupt enable flag
(EF) or an external interrupt'0\(INTO pin) request.
Execution resumes with the’instruction following
the IDLE mode start (instruction (e.g. [SET
(SYSCR2).4]).

The interrupt latch (iL) of-the interrupt source for
releasing the lDLE\mode must be to “0”.

b. Interruptrelease mode (IMF = “1%)

Starting IDEE mode
by instruction

CPU,WDT.are halted

>
Reset input

Reset
No (high)
Normal
release mode ) 1%

No

Yes (Interrupt release mode)

Interrupt processing

— 73]

Execution of the
instruction which follows
the IDLE mode start
instruction

4

Figure 1-19. IDLE Mode

IDLE modeis released and interrupt processing is started by any interrupt source enabled with
the individual interrupt enable flag (EF)-eran external interrupt 0 (INTO pin) request. After the
interrupt is processed, the execution resumes from the instruction following the instruction

which-started IDLE mode.

IDLE‘mode canalso be released by setting the RESET pin low, which immediately performs the reset
operation. \After reset, the 87C841/CC41/CH41/CK41/CM41 are placed in NORMAL mode. The
87PM4 tis placed in. NORMALI. mode after reset release.

Note “When a watchdo@ timer_interrupt is generated immediately before the IDLE mode is
started, the watchdeg timer interrupt will be processed but IDLE mode will not be started.
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(3) SLOW mode

SLOW mode is controlled by the system control register 2 and the timer/counter 2.

a. Switching from NORMAL2 mode to SLOW mode

First, set SYSCK (bit 5 in SYSCR2) to switch the main system clock to the-low-frequency clock.
Next, clear XEN (bit 7 in SYSCR2) to turn off high-frequency oscillation\

When the low-frequency clock oscillation is unstable, wait until-oscillation’ stabilizes before
performing the above operations. The timer/counter 2, (TC2)/can’ conveniently be used to
confirm that low-frequency clock oscillation has stabilized.

Note: The high frequency clock can be continued oscillation in-order to return to NORMAL2
mode from SLOW mode quickly. Always turn off oscillation of-high frequency clock when
switching from SLOW mode to STOP mode.

Example1 : Switching from NORMAL2 mode to SLOW made.

SET (SYSCR2).5

CLR (SYSCR2).7

1]

7 SYSCKe—1._ (Switches the main-system clock to the

low-frequency clock)

;| XENe0 (turns off high+frequency-oscillation)

Example2 : Switching to SLOW mode after low/frequency clock oscillation-has stabilized.

LD (TC2CR), 14H
LDW (TREG2), 8000H
SET (EIRH)EF14
LD (TC2CR), 34H

PINTTC2 : LD (TC2CR), 10H
SET (SYSCR2).5
CLR (SYSCR2) .7
RETI

VINTTC2 : DW PINTTC2

b. Switching from SLOW mode to NORMAL2 mode

'

]

; SetsTC2 mode

(timer mode, source clock-:fs)

; Setswarming-up time

(according to/Xtal characteristics)
Enable INTTC2
Starts T€2

Stops.TC2
SYSCKe—1
XEN&«0O

INTTC2 vector table

First, set/XEN-(bit 7 in-SYSCR2) to turn, on the high-frequency oscillation. When time for
stabilization (warm-up) has beén-taken by the
SYSCR2)toswitch the-main systemclock to-the high-frequency clock.

SLOW modeécan.also be released by setting the RESET pin low, which immediately performs the
reset operation.~After reset, the 87C841/CC41/CH41/CK41/CM41 are placed in NORMAL mode.

timer/counter 2 (TC2), clear SYSCK (bit 5 in

Examplée. Switching from SLOW modeto NORMAL2 mode (fc =8 MHz, warming-up time is about

7/9'ms).
SET (SYSCR2) .7
LD (TC2CR), 10H
LD (TREG2 + 1), OF8H
SET (EIRH) . EF14
LD (TC2CR), 30H
PINTTC2: LD (TC2CR), 10H
CLR (SYSCR2) .5
RETI
VINTTC2 : DW PINTTC2

; XENe1 (turns on high-frequency oscillation)

'

; Sets TC2 mode

(timer mode, source clock: fc)

Sets the warming-up time

(according to frequency and resonator characteristics)
Enable INTTC2

Starts TC2

; Stops TC2

SYSCKe«0  (Switches the main system clock to the
high-frequency clcok)

; INTTC2 vector table

3-41-28
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1.9

Interrupt Controller

The

87C841/CC41/CH41/CK41/CM41 each have a total of 15 interrupt sources: 6 externals and 9 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.

Inte

rrupt latches (IL) that hold the interrupt requests are provided for interrupt’sources. Each interrupt

vector isindependent.

The
the

111 n

interrupt latch is set to when an interrupt request is generated and requests the CPU to accept
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 intérrupt enable flags (EF).
When two or more interrupts are generated simultaneously, the interrupt_is accepted in the highest

priority order as determined by the hardware. Figure 1-22 shows the.interrupt controller.
Interrupt Source Enable Condifign ~ [ Merrupt - Vector Tablel  prigriy
'E”):‘grr:g{ (Reset) Non-Maskable — FFFEQ High 0
Internal INTSW  (Software interrupt) Pseudo — FEFCy 1
Internal | INTWDT (Watchdog Timer interrupt) non-maskable IL5 FFFAY 2
External | INTO (External interrupt 0) IMF ="T,.INTOEN = 1 IL3 FFF8q 3
Internal | INTTC1  (16-bit TC1 interrupt) IMF: EFg=1 ILa FFF64 4
External |INT1 (External interrupt 2) IME - EF5='1 ILs FFF4y 5
Internal | INTTBT (Time Base Timer interrupt) IMF - EFg =1 ILg FFF2y 6
External | INT2 (External interrupt 2) IMF*EF7=1 1Ly FFFOy 7
Internal | INTTC3  (8-bit TC3 interrupt) IMF - EFg =1 ILg FFEEH 8
Internal | INTSIO1 (Serial Interface 1 interrupt) IMF - EFg =1 ILg FFECH 9
Internal | INTTC4  (8-bit TC4 interrupt) IMF - EFqg=1 IL1o FFEAY 10
External |INT3 (External interrupt 3) IMF - EFy4.=1 ILq1 FFE8H 1"
External |INT4 (External interrupt 4) IMF - EE1p =1 ILq2 FFE6Y 12
Internal | INTSIO2 (Serial Interface,2 interrupt) IMF - EFq3 ="1 ILy3 FFE4y 13
Internal | INTTC2 (16-bit TC2interrupt) IMF - EF44=1 IL1g FFE2y 14
External | INT5 (External interrupt 5) INF -€F15=1 ILys FFEOH 15

(M

Interrupt Latches (IL 150 2)
Interrupt latches are provided for each source, except for a software interrupt. The latch is set to
when an interrupt request is generated, and requests the CPU to accept the interrupt. The latch is
cleared to/“0” just after the interrupt issaccepted. All interrupt latches are initialized to “0” during
reset.
The /interrupt fatches are assigned to addresses 003CH and 003Dy in the SFR. Each latch can be
cleared to\"0" individually by an instruction; however, the read-modify-write instruction such as bit
maniputation or operation-instructions cannot be used (Do not clear the IL, for a watchdog timer
interrupt to “0”).[ Thus, \interrupt requests can be cancelled and initialized by the program. Note
thatinterrupt latches'cannot beset 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: Clearsinterrupt latches

u 1 "

LDW (IL), 1110100000111111B i 112, ILygto ILge=0
Example 2 : Reads interrupt latches

LD WA, (IL) i Welly, Aell
Example 3: Tests an interrupt latch

TEST (IL).7 ; ifIL;=1thenjump

JR F, SSET
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(2) Interrupt Enable Register (EIR)

The interrupt enable 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. For example, the watchdog timer
interrupt is not accepted during the software interrupt service.

The EIR consists of an interrupt master enable flag (IMF) and individual-interrupt enable flags (EF).
These registers are assigned to addresses 003Ay and 003By in/the SFR; and can be 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 disablesthe/acceptance of all interrupts,
except for pseudo non-maskable interrupts. Cléaring this flag to “0"-disables the
acceptance of all maskable interrupts. Setting to“1" enables the acceptance of interrupts.
When an interrupt is accepted, this flag is cleared. to “0” to temporarily-disable the
acceptance of maskable interrupts. After execution\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 been occurréd, interrupt
service starts immediately after execution of the [RETI] instruction.

Pseudo non-maskable interrupts arereturned-by the [RETN] instruction, 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 thatIMF remains 70” when cleared in the interrupt
service program.

The IMF is assigned to bit 0 at'address 003Ay in‘the SFR, and can be read and written by an
instruction. IMF is normally set-and cleared by the [El] and\ [DI] instructions, and the IMF is
initialized to “0” during/reset:

Note : Do notset IMF to \1”during non-maskable interrupt service programs.

Individual interrupt Enable Flags (EF 15 to EF4)

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

Example 1/ Sets EFforindividual interrupt énablé; and sets IMF to “1”.

LDWY (EfR), 1110100010100001B ;  EF45~EFq3, EFqq, EFy, EFs, IMFe1

Example 2 :Setsan individual interruptenableflag to “1".

SET (EIRH).4 i EFqet

IL T : : : : T : : : : : :
(003C, 003D | Ibyg i Mbqg @ ILq3 & ILqp »JLyq i dLgg iTlLg ! Ilg IL; i ILg @ ILg ! ILg i ILg :

15 14 13 12 11 10 9 8 7 6 5 4 3

ILy (003Dy) ILL (003CH)
(Initial Value : 00000000 000000::)
EIR - - - - - - : : : e s e
(003A, 003B;) | EFq5 : EFy4 % EF13 {(EF1; %\ EFq1 : EFq9 ! EFg : EFg | EF7 : EFg i EF5 ! EFg | _________ IMF
EIRL (003B}) EIR_ (003AR)

(Initial Value: 00000000 0000:+#x0)

Notel: Do not use.any read-modify-write instruction such as bit manipulation for clearing IL.
Note2 : Do notcleariL, to “0” by an instruction.
Note3: Do not set IMF to “1” during non-maskable interrupt service program.

Figure 1-23. 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 (4 us @ fc=8 MHz in
NORMAL mode) 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]
(for pseudo non-maskable interrupts).

(1) Interrupt acceptance processing

@® The interrupt master enable flag (IMF) is cleared“to."0% 10 temporarily disable the
acceptance of any following maskable interrupts. When-a nen-maskable interrupt is
accepted, the acceptance of any following interrupts is temporarily disabled.

@ The interrupt latch (IL) for the interrupt source accepted is cleared to “0".

@ The contents of the program counter (return address) and the program status word are
saved (pushed) onto the stack. The stack pointer{SP).is threé decrements,

@ The entry address of the interrupt service program.isread from the vectoptable.address, and
the entry address is loaded to the program counter.

® The instruction stored at the entry address of thelinterrupt service progranvis'executed.

Interr!
signal

Interr:
latc|

SP

Interrupt service task

[T Y N T T P I I

1 machine cycle

upt

7]

1

1

T
IMF ! |

! _ Note2 \ 1

1 £ 1
| )
er;(s;xgité%n X Instruction Interrupt acceptance X'e"fetgﬂgfé%" A\ RETI instruction execution
7

& = X a @ X2 XXX

Notel : a; return address, b } entry address, ¢ ;-address wheh the RETI instruction is stored
Note2 : The maximum response time from whénan Ib\s set until an interrupt acceptance processing starts is
38/fc or 38/fs[s].

Figure 1-24.“Timing Chart of Interrupt-Acceptance and Interrupt Return Instruction

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

Vector table address Entry address

A.maskable interrupt isdot accepted until the IMF is set to “1” even if a maskable interrupt of higher
prioritythan that of the currentinterrupt being serviced.

When 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 of the INTO pin must be disabled with INTOEN in the
external interrupt control register (EINTCR) 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
cannot be defected).
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Example 1 : Disables an external interrupt 0 using INTOEN:
LD (EINTCR), 00000000B ; INTOEN<O
Example 2 : Disables the processing of external interrupt 0 under the séftware control (using bit 0
at address 00F0y as the interrupt processing disable switch):

PINTO : TEST (00FOH). 0 ; Returns without interrupt processing if (00F0y)g = 1
JRS T, SINTO
RETI

SNTo: inierrupt processing
RETI

VINTO : DW PINTO

(2) General purpose register save/restore processing
During interrupt acceptance processing, the program counter.and the program- status word are
automatically saved on the stack, but not the accumylator and other registers.—These reégisters are
saved by the program if necessary. Also, when nesting’multiple interrlpt services, /it/is necessary to
avoid using the same data memory area for savingregisters.
The following method is used to save/restore the'general-purpose registers;

@ General-purpose register save/restore by register bank changeove:
General-purpose registers can be saved at high-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 the efficiency of data memoryutilization, the same bank
is assigned for interrupt sourceswhich-are not nested.
The switched bank is automatically restored by executing|an interrupt return instruction
[RETI] or [RETN]. Therefore, itis not necessary for a;program to save the RBS.

Example : RegisterBank Changeover

PINTxx : LD RBS, n ;- Switches to bank n (1us at 8MHz)
i-interruptprocessing  :
RETI ;> Restores bank and Returns
main task main task
acceptance of /interrupt acceptance of interrupt
bank m Interrupt service task interrupt service task
m Switchto-bank by saving
[LD~RBS, n] or registers
time [ INC (GRBS).]
n instruction
.......................
m interrupt return Restore l?ank .
automatically by restoring
[RETI]/ [RETN] registers
InStruCtIOﬂ ......................
interrupt return
(a)~Saving/Restoring by register bank changeover (b) Saving/Restoring using push/pop or data transfer instructions

Figure 1-25. Saving/Restoring General-purpose Registers

@ 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/pop instructions.
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Example : Register save using push and pop instructions
PINTxx : PUSH WA ; Save WA register pair

; interru P?.ET.‘?E?S.??.’?Q..E

POP WA ; Restore WA register pair

RETI ; Return

................................................................................ Address (example)
SP — 023Ay

A 023B
w 023C
PC, 023D
PCy 023E
PSW P —> 023F

At execution
of a push

At acceptance
of aninterrupt

=

=

At executionof an
interrupt return

At execution
of apop

=

instruction

instruction

instruction

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

Example : Saving/restoring a register.using data transferjinstructions
PINTc : Do (GSAVA), A i SaveAregister
interrupt processing
1> A ,(GSAVA) ; /Restore A register
RETI ; Return

The interrupt return instructions [RETIM.[RETN] perform the following operations.

[RETI] Maskable interrupt-return

[RETN] \Non-maskable interrupt return

@ The contents-of the program \counter and the
program/status word._are restored from the
stack.

@ The stack paintér is incremented 3 times.

@ Theinterrupt master enable flag issetto “1".

@ The_contents of the program counter and
program status word are restored from the
stack.

@ The stack pointer is incremented 3 times.

@ The interrupt master enable flag is set to “1”
only when a non-maskable interrupt is
accepted in interrupt enable status. However,
the interrupt master enable flag remains at “0”
when so clear by an interrupt service program.

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

Note; When the interrupt progessing time is longer than the interrupt request generation time,
the interrupt service task is performed but not the main task.
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1.9.2 External Interrupts

The 87C841/CC41/CH41/CKA1/CM41 each have six external interrupt inputs (INTO, INT1, INT2, INT3, INT4,
and INT5). Four 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, INT3 and INT4.

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 (EINTCR). When INTOEN =0, the IL3 willnot be set éven if the falling edge of

INTO pin input is detected.

Table 1-3. External Interrupts

Secondary

TMP87C841/C41/H41/K41/M41

Note 2 :
Note 3 :

Note 4 :

Note 5 :

INTO/INT5 input

Source Pin function pin Enable conditions Edge Digital noisereject
INTO INTO P10 IMF=1, INTOEN=1 falling edge — (hysteresis input)
Pulses-of less than 15/f¢ or 63/fc [s]
INT1 INT1 P11 |MF’EF5=1 are eliminated as’ noise. Pulses
Biha ed equal to_or more than48/fc [s] or
aling edge | 19t [s] areregarded as signals.
or
INT2 INT2 P12/TC1 IMF - EFy =1 rising edge |Pulses of less than 7/fc [s] are
i ise. Pul |
INT3 INT3 PSO/TC3 IMF - EF7 21 eliminated as noise. Pulses equal to
ormore/than 24/fc [s] are regarded
INT4 INT4 P51/TC4 IMF& ERg2=1 as signals.
INT5 INT5 P20/STOP IMFEF5=1 falling edge — (hysteresis input)
Note 1:  The noise rejection function is turned offin the SLOW and SLEEP mades. /Also, the noise reject times are not

constant for pulses input while transiting between operating modes (NORMAL2<SLOW)
The noise rejection function is alsoaffected for timer/counterinput (TC1 and TC3 pins).
The pulse width (both "H” and ”L"” Jevel) for input to the INT0.and INT5 pins must be over 1 machine cycle.

tNTL, tinTH > teye  (Note : tcyc= 4/fm[s])

NTE : tNTH

If a noiseless signal is input to the externalinterrupt-pin in the NORMAL 1/2 or IDLE 1/2 mode, the maximum
time from the edge.of input signal until theiL-issetis as follows :

@ INT1pin 49/f¢[s]MINTINC ="1), 193/fc [s] (INTINC=0)

@/INT2,INT3, INT4 pins  25/fc [s]
When high-impedance is specified for port output in stop mode, port input is forcibly fixed to low level
internally._THhus, interrupt latchés of external interrupt inputs except INT5 (P20/STOP) which are also used as
ports.may be set to “1”. To-specify high-impedance for port output in stop mode, first disable interrupt
service (IMF=0) , activate stop mode. After releasing stop mode, clear interrupt latches using load
instruction, then, enable interrupt service.

Example : Activating stop mode.

LD  (SYSCRT), 010000008 ; OUTEN « 0 (specifies high-impedance)
DI ; IMF « 0 (disables interrupt service)
SET  (SYSCR1).STOP ; STOP « 1 (activates stop mode)

LDW (IL), 1110011101010111B ; 1L12,11,7,5,3 « O (clears interrupt latches)
El ; IMF « 1 (enables interrupt service)
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7 6 5 4 3 2 1 0

EINTCR nm Tnro 1 T T T T T :
oosry LN e ] TR WP ] Gnitialvalue: 000 000%)
INTINC | Noise reject time select 0 : Pulses of less than 63/fc [s] are eI!m!nated as no!se
1 : Pulses of less than 15/fc [s] are eliminated as\noise
—_ . . 0 : P10 input/output port
INTOEN P10/INT fi -
0 O/INTO pin configuration 1 : INTO pin (Port P10 should be settoran input mode) RIW
INT4 ES 0: Risi d
INT3 ES - Rising edge
INT2 ES INT4 to INT1 edge select 1 : Falling edge
INT1 ES

Note1: fc ; High-frequencyclock[Hz] * ; don’t care

Note2:  Edge detection during switching edge selection is invalid,

Note3: Do notchange EINTCR when IMF = 1. After changing EINTCR, interrupt latches of external interrupt
inputs must be cleared to “0” using load instructjon:

Note4: Inorderto change of external interrupt input by rewriting the contents of INT2ES, INT3ES-and
INT4ES during NORMAL1/2 mode, clear interrupt latches of external interrupt inputs (INT2, INT3 and
INT4) after 8 machine cycles from the time of rewriting. During SLOW mode, 3-machine cycles are
required.

Note5:  Inorderto change an edge of timer counterinput by rewriting the cantents of INT2ES, INT3ES and
INT4ES during NORMAL1/2 mode, rewrite-the contents after timer counter is stopped (TC*s =0), that
is, interrupt disable state. Then, clear interrupt laches of external interruptinputs (INT2, INT3 and
INT4) after 8 machine cycles from.the time of rewriting to change t6 interrupt enable state. Finally,
start timer counter. During SIOW-mode, 3 machine cyclesare required:

Example : When changing TC1 pin inptits edge inexternal trigger timermode from rising edge to falling edge.

LD (TC1CR),01001000B ; {_TC1S « 00 (stop TC1)
DI ;  IMF <« 0 (disable interrupt service)
LD (EINTCR),00000100B ; INT2ES <1 (Change edge selection)

T  Nop

8 machine t0
cycles NOP

LD (ILL)Y,01111111B 7 ~—~IL7« 0 (clear interrupt latch)
EI ~ \IMF « 1 (enable interrupt service)
LD)(/TC1CR), 011110008 7—_TC1S « 11 (start TC1)

Note 6 : /Ifchanging the contents of INT1ES during NORMAL1/2 mode, interrupt latch of external interrupt
inputINT1must be clearedafter 14 machine cycles (when INTINC = 1) or 50 machine cycles (when
INTINC =0) from the time of changing.~During SLOW mode, 3 machine cycles are required.

Figure 1-26:.._ExternalInterrupt Control Register

1.9.3 Software Interrupt (INTSW)
Executing the-[SWI] instruction generates a software interrupt and immediately starts interrupt
processing-(INTSW'is highest prioritized interrupt). However, if processing of a non-maskable interrupt is
already\underway, executing the SWlinstruction will not generate a software interrupt but will result in
the_same operation as the [NOP] instraction. Thus, the [SWI] instruction behaves like the [NOP]
instruction.

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

Use the [SWI] instruction only for detection of the address error or for debugging.
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@ 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 FFy to unused areas of the program memory. Address trap

reset is generated for instruction fetch from a specific address (0000 to 043Fg).

Note : The fetch data from addresses 7F80y to 7FFFy (test ROM/area) for 87CK41/CM41,

BF80n to BFFFH for 87C841/CC41/CHA41 is not “FFH~.

@ Debugging

Debugging efficiency can be increased by placing the SWl instruction at the software break

point setting address.

1.10 Watchdog Timer (WDT)

The watchdog timer rapidly detects the CPU malfunction such as.endless looping caused by.noise or the

like, and resumes the CPU to the normal state.

The watchdog timer signal for detecting malfunctioncan be selected either & reset‘eutput or a non-
maskable interrupt request. However, selection is possible-anly once after reset. At first'thereset output

is selected.

When the watchdog timer is not being used for malfunction detection, it can be used as a timer to

generate an interrupt at fixed intervals.

1.10.1 Watchdog Timer Configuration

fc/2%or fs/ 2" ——>
fc/2* or fs/ 2" ——>
fc/2%or fs/ 2" —>
fc/27or fs/2° —>

internal reset

MPX
A Binary-Counters
B clock overflow
cyY
D
S clear
2

(R

enable
Q
ST R
WDTEN
WDTT writing writing clear
disable code |code

J_)ﬂoutput output
N —s_o->>—0

resetrelease signal from T.G.

|8

reset

RESET

> interrupt request INTWDT

WDTOUT

Controller

003:4H

VWDTER1

L] [

\Watchdog Timer Control Registers

oo35H

Figure 1-27. Watchdog Timer Configuration
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1.10.2 Watchdog Timer Control
Figure 1-28 shows the watchdog timer control registers (WDTCR1, WDTCR2). The watchdog timer is
automatically enabled after reset.

(1) Malfunction detection methods using the watchdog timer

The CPU malfunction is detected as follows.

@ Setting the detection time, selecting output, and clearing the binarycounter.

@ Repeatedly clearing the binary counter within the setting detectiontime.
If the CPU malfunction 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“low to reset the internal
hardware and the external circuits. When WDTOUT =0, a watchdog timer interrupt (INTWDT) is
generated.
The watchdog timer temporarily stops counting in the STQP mode-including warm-up oriDLE mode,
and automatically restarts (continues counting) when the STOP/IDLE mode is released:

Example : Setsthe watchdog timer detection time'to’221/fc[s] and resets the\CPU malfunction.

LD (WDTCR1), 00001101B-_ ;—WDTT«10, WDTOUT &1

— LD (WDTCR?2), 4EH ;> Clears the binarycounters
Within 3/4 of WDT (always clear immediately after changing WDTT)
detection time :

— LD (WDTCR2),-4EH ; Clears thé binary counters
Within 3/4 of WDT :
detection time :

L LD (WDTCR2), 4EH ; Clearsthe hinary counters
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Watchdog Timer Control Register 1

2 1 0
WOTT I \gBTT (Initial value : ***x 10071)
Watchdog timer 0 : Disable (it is necessary to write the disable code to WDTCR2)
WDTEN .
enable/disable 1: Enable
00:2%/fc or  27/fy~_ [s] )
Watchdog timer 01:2%/fc or 2"/fs write
WDTT | jetection time 10:2"/fc or 2/fs only
11:2%/fc or 2"/ fs
WDTOUT Watchdog timer 0 : Interrupt request
output select 1 : Reset output

Note1 : WDTOUT cannot be set to “1” by program after clearing WDTOUT to "0".
Note2 : fc ,; High-frequencyclock[Hz] fs ; Low-frequencyclock [Hz] * ; don’tlcare
Note3 : WDTCRI1 is a write-only register and must not be usedwith any of read-modify-write\instructions.
Note4 : Disable the watchdog timer or clear the counter justbefore switchingte STOPmode!
When the counter is cleared just before switching to STOP mode, clear theé counteragain
subsequently to releasing STOP mode.
Watchdog Timer Control Register 2

7 6 5 4 3 2 1 90
WDTCR2 : : ; : ; : ;
(0035 | : : : : : : : |

(Initial value” %% xxxx)

4Ey : “Watchdog timer binary counter clear (clear code) write
Bly ;. Watchdog timer disable(disable code) only
others = Invalid

Watchdog timer control

WDTCR2 code write register

Note 1 : The disable code is invalidunless written when WDTEN-=< 0.

Note2 : *,don’tcare

Note3:  Since WDTCR2 is a write>anlyregister, read-modify-write instructions (e.g., bit manipulating
instructions such/as'SET or.CLR and arithmetic instructions such as AND or OR) cannot be used for
read/write to this register.

Note4:  Toclear the bimary countér doesn’t initialize the source clock therefore, it is recommended to
clear the binary counter within 3/4 of the/detection period.

Figure 1-28. Watchdog Timer Control Registers

Table 1-4. Watchdog/Timer)Detection Time

Operating mode Detection time
NORMAL1 NORMAL2 SLOW At fc=8 MHz Atfs=32.768 kHz
2% /fc [s] | 2%/1c, 2V /1s 27/ fs 4.194 s 4s
2% [A¢ 28/ f¢, 2"/ fs 25/ fs 1.048 ms 1s
22/ fc 221/ 1¢, 2%/ fs —_ 262.1ms 250 ms
2Y/fc 292" fs —_— 65.5ms 62.5ms

(2) —Watchdog Timer Enable
The watchdog timepis enabled by setting WDTEN (bit 3 in WDTCR1) to “1”. WDTEN is initialized to
" during reset, so the watchdog timer operates immediately after reset is released.

Example : Enables watchdog timer
LD (WDTCR1), 000010008 ; WDTEN«1
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(3) Watchdog Timer Disable
The watchdog timer is disabled by writing the disable code (B1y) to WDTCR2 after clearing WDTEN
(bit 3 in WDTCR1) to “0”. The watchdog timer is not disabled if this procedure is reversed and the
disable code is written to WDTCR2 before WDTEN is cleared to “0”. The watchdog timer is halted
temporarily in STOP mode (including warm-up) and IDLE mode, and restarts~automatically after
STOP or IDLE mode is released.
During disabling the watchdog timer, the binary counters are cleared 10 “0%.

Example : Disables watchdog timer
LDW (WDTCR1), 0B101H ; WDTEN&«O, WDTCR2<«disable code

1.10.3 Watchdog Timer Interrupt (INTWDT)
This is a pseudo non-maskable interrupt which can be accepted regardless of the contentsofthe 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 output as-an interrupt
source with WDTOUT.

Example : Watchdog timer interrupt setting up/
LD SP, 013FH Sets the stack pointer
LD (WDTCR1), 000010008 ; WDTOUT«0

1.10.4 Watchdog Timer Reset
If the watchdog timer output becomes active, a reset is gengrated, which drives the RESET pin (sink open
drain output) low to reset the internal hardware and the external circuits. The reset output time is 220/fc
[s] (131 ms at fc =8MHz). The high-frequency\clock oscillator alsoturns on when a watchdog timer reset
is generated in SLOW mode.

Note: The high-frequency clock oscillator also turns on.when a watchdog timer reset is generated in
SLOW mode. Thus, the\reset output time is 220/fc.
The reset output time_includé a certain amount-of error if there is any fluctuation of the
oscillation frequency/whén the high-frequency-clock oscillator tuens on. Thus, the reset output
time must'be cansidered approximate value:

271 [s]

2"/f¢

Clock

1 [TwDTT=115)
Binary counter IX 2 XEX 0 X 1 X 2 X 3 X 0

Overflow S
INTWDT interrupt "
: ]

WDT reset.output A (Hi-2) I(”L" output)
writes 4Eto WDTCR2

Figure 1-29. Watchdog Timer Interrupt/Reset

1.11 Reset Circuit
The 87C841/CC41/CH41/CK41/CMA41 each have four types of reset generation procedures: an external
reset input, an address trap reset, a watchdog timer reset and a system clock reset. Table 1-5 shows on-
chip hardware initialization by reset action. The internal source reset circuit (watchdog timer reset,
address trap reset, and system clock reset) is not initialized when power is turned on. Thus, output from
the RESET pin may go low (220/fc [s] (131 ms at 8MHz) when power is turned on.
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Table 1-5. Initializing Internal Status by Reset Action

On-chip Hardware Initial Value On-chip Hardware Initial Value
Program counter (PC) (FFFFR) - (FFFEY) | Divider of Timing generator 0
Register bank selector (RBS) 0
Jump status flag (F) 1 Watchdog timer Enable
Refer to I/0 port
Interrupt master enable flag (IMF) 0 Output latches of /O ports crert p
Interrupt individual enable flags  (EF) 0 Y
. Refer to each of
Interrupt latches (L) 0 Control registers control register

1.11.1 External Reset Input

When the RESET pin is held at low for at least 3 machine
cycles (12/fc [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, réset
operation is released and the program execution starts
at the vector address stored at addresses FFFE{ to-FFFFH:
The RESET pin contains a Schmitt trigger {hysteresis)
with an internal pull-up resistor. A simple power-on-
reset can be applied by connecting an>external
capacitor and a diode.

Figure\1-30. Simple Power-on-
Reset Circuitry

1.11.2 Address-Trap-Reset
An address-trap-reset is one of ffail-safe\function that detects CPU malfunction such as endless looping
caused by noise or the like, and returns the CPU to the-normal state. If the CPU attempts to fetch an
instruction from a specific address (0000 to 043Fy),-an internal reset (called address-trap-reset) will be
generated. Then, the RESET pin cutput will go low. Thereset time is 220/fc [s] (131 ms at 8 MHz) .

reset
Execution JP a (reset release Xinstruction ataddress r
I {
1
________ Address-trap is-occurred L __ L e
RESET output (“L"-output) . (( [Hi-2) i i
] )] i I d
1 1 1 1
1 I | 1
' 1 : '
| 2%f¢ [s] V2% 1 2% |
to
2%/fc

Note\l: 0= a=043Fy
Note2: During reset release, resetwector “r” is read out, and an instruction at address r is fetched and decoded.

Figure 1-31. Address-Trap-Reset

1.11.3~ Watchdog Timer Reset
Refer to Section “1.10 Watchdog Timer”.

1.11.4 System-Clock-Reset
Clearing both XEN and XTEN (bits 7 and 6 in SYSCR2) to “0"” stops both high-frequency and low-
frequency oscillation, and causes the MCU to deadlock. This can be prevented by automatically
generating a reset signal whenever XEN = XTEN =0 is detected to continue the oscillation. Then, the
RESET pin output goes low from high-impedance. The reset time is 220/fc [s] (131 ms at 8MHz).
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2. ON-CHIP PERIPHERALS FUNCTIONS

2.1 Special Function Registers (SFR) and Data Buffer Registers (DBR)
The TLCS-870 Series uses the memory mapped 1/0O system, and all peripheralcontrol 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 0F80y to OFFFy.
Figure 2-1 shows the 87C841/CC41/CH41/CK41/CM41 SFRs and DBRs.

Address Read Write Address Read Write
SIO1SR (SIO1 status) SIO1CR1

SIO2SR (5102 5t4

reserved
reserved

reserved I RBS (Register bank selector)

Address Read Write
0F80H: teegrved .J, Note1 : Do not access reserved areas by the
.. : program.
OFEF reserved Note2 : - :gCannotbe accessed.
OFFFO1 ........................................... Note3 : When defining address 003Fy with
------------------------------------------- assembler symbols, use GPSW and GRBS.
g si01 SO\ Note4 : Write-only registers and interrupt
23 " transmit and receive latches cannot use the read-modify-
ks data buffer write instructions (bit manipulation
e Bbyte) \ ) inst_ructions suc_h as SET, CITR, etc. and
A i S N\ V2 20N A logical operation instructions such as
ShFS AND, OR, etc.)
F9
FA
FB S102
FC __transmit and receive
FD data buffer
FE [, @byte)
FF

(b) Data Buffer Registers

Figure 2-1. SFR & DBR
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2.2 /O Ports
The 87C841/CC41/CH41/CK41/CM41 have 8 parallel input/output ports (56pins) each as follows:

Primary Function Secondary Functions
Port PO 8-bit I/0 port

external interrupt input, timer/counter input/output, and divider
output

low-frequency resonator connections, exterrnal interrupt input,
and STOP mode release signal input

_PortPa | 8bitlOport _ |serialinterface  ___ __\\ __ W ______________________
. external interrupt input, and timer/counter input/output,
Port P5 5-bit I/0 port high-speed PWM output
_PortP6 | 8bitllOport _ Janaloginput = S\ Y S\ N
Port P7 8-bit I/0 port analog input

Each output port contains a latch, which holds the output data./ All input{uorts 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 S1.5tate-of the read cycle during execution of the read
instruction. This timing can not be recognized from-outside, so that transient.input such as chattering
must be processed by the program.

Output data output changes in the S2 state-of'the write cycle during exécution of the instruction which
writes to an /O port.

| fetch cycle | fetch cycle | read cycle | ' fetch gycle | fetch cycle | write cycle |
I I I I I 1 1 1
Instruction ___S0 S1 52 S3 SO S1 S2 3 S0-§1 52 S3 /___ Instruction—__S0"81 S2 S3 SO S1 S2 S3 SO S1 S2 S3 ___
eXECL?;é)II;__ 1 1 E)I(': LID AI’ ()ﬂ) 1 [ B SN _—— execuc’g;gr;__ 11 E)I(': |'ID (?()’A I I | _—
Input strobe-- - ——-  Outputtatch, _ [
et pulse :
Datainput X % ___ Dataoutput _ old X new
(a) Input Timing (b) Output Timing

Note »_The positions of the read and write cycles may vary, depending on the instruction.

Figure 2-2>- Input/Output Timing (Example)

When reading an I/O-port except programmabte 1/O ports, whether the pin input data or the output latch
contents are read.depends on the instructions, as shown below:

(M. Instructions that read the outputtatch contents

®-X%CH r, X(src) ® LD (pp) . b, CF

@, CLR/SET/CPL_/A(src):b ® ADD/ADDC/SUB/SUBB/AND/OR/XOR (src), n

@ CLR/SET/CPL - {pp).g @ (src) side of ADD/ADDC/SUB/SUBB/AND/OR/XOR (src), (HL)
@ LD (src).b, CF

(2) Instructions thatread the pin input data
@ Instructions other than the above (1)
@ (HL) side of ADD/ADDC/SUB/SUBB/AND/OR/XOR  (src), (HL)
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2.2.1 Port PO (P07 to P0OO)

Port PO is an 8-bit general-purpose input/output port which can be configured as either an input or an
output in one-bit unit under software control. Input/output mode is specified by the corresponding bit
in the port PO input/output control register (POCR). Port PO is configured as an input if its corresponding
POCR bitis cleared to “0”, and as an output if its corresponding POCR bitissetto (1"

During reset, POCR is initialized to “0”, which configures port PO as input. The PO output latches are also
initialized to “0”. Data is written into the output latch regardless of the POCR contents. Therefore initial
output data should be written into the output latch before setting POCR.

Notel : Ports set to the input mode read the pin states. When input-pin-and output pin exist port PO
together, the contents of the output latch of ports set to the inputynode may be rewritten by
executing the bit manipulation instructions. Pins set to-the eutput mode read a value of the
output latch.

Note2 : The POCR is a write-only register. It can not be operated by the read-modify instruction (Bit
manipulation instructions of SET, CLR, etc. and Arithmeticipstructions of AND, OR,etc.)

STOP
OUTEN D

POCRi
data output ’ <d
data output D Q . > . D POI
outputiatch
Note ~i=7to0
7 6 5 4 3 2 1 0
PO M H H M H H M g
(00004,) | P07 : P06 i POS P04 i PO3 ('P02-i"PO1 | POO | (Initial vatu€: 0000 0000)
7 6 5 4 3 2 1 0
POCR : : H H : B et .
(000A) | |~ hitial value : 0000 0000)
POCR 1/0 controlfor port PO 0 : input-mode write
(Set for each bit individually) 1, output modé only

Figure 2-3. PRoftt PO/and POCR

Example : Setting the upper 4 bits of port PO as an input port and the lower 4 bits as an output
port (Initial outputdataare-1010p).
LD (P0),.000010108B ; Setsinitial data to PO output latches
LD (POCR), 00001111B ; Setsthe port PO input/output mode
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2.2.2 PortP1 (P17 -P10)
Port P1 is an 8-bit input/output port which can be configured as an input or an output in one-bit unit
under software control. Input/output mode is specified by the correspanding bit in the port P1
input/output control register (P1CR). Port P1 is configured as an input if its corresponding P1CR bit is
cleared to “0”, and as an output if its corresponding P1CR bit is set to “1". (During reset, the P1CR is
initialized to “0", which configures port P1 as an input. The P1 output latches are-also initialized to “0”.
Data is written into the output latch regardless of P1CR contents. Therforg’initial output data should be
written into the output latch before setting P1CR. Port P1 is also used as ‘an €xternal 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 gutput.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 (INTO) can be configured as either an I/O port or an’externalinterrupt input with INTOEN (bit 6 in
EINTCR). During reset, pin P10 (INTO) is configured as an input’/port P10.

Notel : Ports set to the input mode read the pin states>When input pin and output pin’ exist port P1
together, the contents of the output latch of ports'sét to the input,mode may be rewritten by
executing the bit manipulation instructions. Pingset to the outputmode)read a value of the
output latch.

Note2 : The P1CR is a write-only register. It can-not be operated by (the’read-modify instruction (Bit
manipulation instructions of SET,(CLR, etc. and Arithmetic.instructions of AND, OR, etc.)

STOP .
oUTEN —-
P1CRi ﬁ
datainput ’
data‘output P1i
output latch
control output
control input Note:i=7to0
7 6 5 4 3 2~ 1 0
P1 R17 P16 P15 P14 P13 P12 P11 P10
(00015 : T2 | PPG DO, Mot i INT1  TNTO | (nitial value: 0000 0000)
7 6 5 4 3 2 1 0
:’Jocog ) | : : : : : § : | (initial value: 0000 0000)
H
PICR 1/0/control for port R1 0 : Input mode write
(Set for gach-bitindividually) 1 : Output mode only

Figure 2-4. PortP1and P1CR

Example : Sets P17, P16 and P14 as output ports, P13 and P11 as input ports, and the others as function
pins. Internal outputdatais “1" for the P17 and P14 pins, and “0” for the P16 pin.

LD (EINTCR), 01000000B  ; INTOEN«1
LD (P1),10111111B s P17¢1, P14<1, P16<-0
LD (P1CR), 11010000B
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2.2.3 Port P2 (P22 to P20)
Port P2 is a 3-bit input/output port. It
is also used as an external interrupt
input, and low-frequency crystal
connection pins When used as an
input port, or a secondary function
pin, the output latch should be set to
“1". During reset , the output latches
are initialized to “1".
A low-frequency crystal (32.768 kHz)
is connected to pins P21 (XTIN) and
P22 (XTOUT) in the dual-clock mode.
In the single-clock mode, pins P21 and
P22 can be used as normal
input/output ports.
It is recommended that pin P20
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
output pulse.
When a read instruction is executed
for port P2, bits 7 to 3 read in as
indefinite.

SET/CLR/CPL/others —

CMP/MCMP/TEST/ others

Datainput

tput latch

Data output

b Qs | DPZO(INTS/STOP)

Control input lé}
Data input :]—<}
L<:]_ Osc. enable
Data output D Q {:>— P21 (XTIN)
Data input \/]—<j
I—q— \
Data output D, Q ll: }IE[ P22 (XTOUT)
STOP i
OUTEN :ODC Notel \ *  don’tare
XTEN Note2 : XTEN is bit6 in
SYSCR2
..... 7.8 LA AL 2 0
P P22 i P21 i_P20
(0002})) XTOUT | XTIN %

(Initial value :  ***x *111)

Figure 2-5. PortP2
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2.2.4 Port P3 (P37 to P30)

Port P3 is an 8-bit input/output port. High current output is available so LEDs can be driven directly.

When used as an input port, the output latch should be set to

111 "

during reset.

Example 1: Output the immediate data 5AH to
the P3 port.
LD (P3), 5AH ; P3e5Ay

Example 2: Inverts the output of the upper
4bits (P37 - P34) of the P3 port.
XOR  (P3), 111100008
; P37 to P34<P37 to P34

2.2.5 Port P4 (P47 to P40)
Port P4 is an 8-bit input/output port, and is
also used as serial interface (SIO1, SIO2)
input/output. When used as an input port
or a secondary function pin, the output
latch should be set to “1”. The output
latches are initialized to “1" during reset.

2.2.6 Port P5 (P54 to P50)

Port P5 is a 5-bit input/output port, and/is
also used as an external interrupt input, a
timer/counter input/output, and a/high-
speed PWM output. When used \as an
input port or a secondary function-pin;,-the
output latch should be set to/ 1”. {The
output latches are initialized to ¥ 1 _during
reset.

Bits 7-5 are read in_as when) a read
instruction is executed-for the port/P5.

111 "

ll1 n

. The output latches are initialized to

Datainput

Data output

STOP
OUTEN

7

CMP /MCMP / TEST / others

SETLCLR/CPL/others

Note:i=7to0

6 5 4 3 2 1 0

P3 :
(0003 L3277

P36 : P35 :,P347: P33~/P32 i P31 i P30

(Initial value: 1111 1111)

Figure 2-6. PortP3

P4

Control input

CMP/MCMP/TEST/;\/Ithej

Datainput
SET/CLR/CPL /others
Data.output D Q P4i

Output latch P3j

Controloutput
STOP

:D Hi-Z control
OUTEN

Note:i=7to0,

7 6

j=41t00,;don’t care

5 4 3 2 1 0

(0004) |s02 : si2

P47 | P46 :

D P45 D P44 P43 D P42 : P41 [ P4O
{SCKZ i SO1 i S iSCKT: :

(Initial value: 1111 1111)

..... 7.8 5.4 3 2 1 0
P5 P54 : P53 : P52 : P51 : P50
HPWNM1:HPWMO: PWM : INT4 : INT3
(OOOSH) ................................. ' PDO ' TC4 ' TC3
(Initial value: **x1 1111)
Figure 2-7. Ports P4 and P5
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2.2.7 PortP6 (P67 to P60)
Port P6 is an 8-bit input/output port which can be configured as an input or an output in one-bit unit
under software control. Input/output mode is specified by the correspanding bit in the port P6
input/output control register (P6CR).

Port P6 is also used as an analog input for the A/D converter. When used as an analog/input, AINDS (bit 4
in the ADCCR) must be cleared to “0” and its corressponding P6CR bit must be setto “1”. In this case,
unuse pin as analog input is configured as only input port.

During reset, AINDS is initialized to “0” and all bits of P6CR are initialized to 1"/ which configures port
P6 as analog input. The P6 output latches are initialized to “0”. Data is.written into the output latch
regardless of the P6CR contents. Therefore initial output data should be written into the output latch
before setting P6CR.

Notel : Ports set to the input mode read the pin states. When_input pin and output pin exist.port P6
together, the contents of the output latch of ports set;to the input mode may be rewritten by
executing the bit manipulation instructions. Pins sét tg the output mode read a-value of the
output latch.

Note2 : The P6CR is a write-only register. It can not/be-Operated by the read-modify instruction (Bit
manipulation instructions of SET, CLR, et¢. and Arithmetic instructions of AND, OR, etc.)

Analog input @
STOP
OUTEN
AINDS T_D
P6CRi

Data input

]

A

Data outputﬂ ‘ |\|/ D P6i

Note: i=7to0

7 6 5 4 3 2 1 0

P6 - - - - - - -
P67 : P66 : P65 P64 : P63 /P62 : P61 P60 .
(00061) | AIN7  AING  AIN5 AN : AIN3 | AINZEAINTHAINO (Initial value : 0000 0000)
P6CR 7 . 6 . 5 . 4 . 3 . 2 . 1 . 0
(000CH) | 5 : : : 5 s : | (Initial value : 1111 1111)
4 AINDS = 1 (not use A/D) AINDS =0 (use A/D) write
P6CR I?Ocontr:o'c.)rp.oljtPSH 0 : Inputmode 0 : Inputport onl
(Set for'gach bitindividually) 1 : Output mode 1 : Analoginput y
Note 1 : P6CRis a write-only register and must not be used with any of the read-modify-write instruction.
Note2 : Unused analog-input pins cannot be configured as output mode when AINDS =0.

Figure 2-8. Port P6
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2.2.8 Port P7 (P77 to P70)
Port P7 is an 8-bit input/output port which can be configured as either input or output in one-bit unit
under software control. Input/output mode is specified by the correspanding bit in the port P7
input/output control register (P7CR).
Port P7 is also used as an analog input for the A/D converter. When used as an analog input, AINDS (bit 4
in the ADCCR) must be cleared to “0” and ADMD16 (bit 7 in the ADCCR) must beset to ”1”. In this case,
unuse pin as analog input is configured as either input or output port.
During reset, AINDS and ADMD16 are initialized to “0” and all bits-of P7CR are initialized to “0”, which
configures port P7 as input port. The P7 output latches are initialized-to ?0".”Data is written into the
output latch regardless of the P7CR contents. Therefore initial output data should be written into the
output latch before setting P7CR.

Notel : Ports set to the input mode read the pin states. When(input-pin and output pin-exist port P7
together, the contents of the output latch of ports set.to.the input mode may be rewritten by
executing the bit manipulation instructions. Pins setto the output mode'read a value of the
output latch.

Note2 : The P7CR is a write-only register. It can not be operated by the read-modify/instruction (Bit
manipulation instructions of SET, CLR, etc. and Arithmetic instructions of AND, OR/etc.)

Analog input )

y
\4
I
OUTEN
AINDS — |

ADMD16 - SAIN ﬁ—D
P7CRi
read D
Data input » <
Data output D Q 1 ll\/ D P7i

7 6 5 4 3 2 1 0 Note: i=7to0

p7 - - - - - - -
P77 : P76 / P75\: P74 P73 : P72 : P71/ /P70 "
(0007h) | Ain17 i A1€ : AINGS S AINTATAINGG § AINJ2 AINT1LE (AINTO (Initial value : 0000 0000)
P7CR 7 . 6 . 5 . 4 . 3 _ 2 . 1 : 0
©oopy) [T B b /A -] (nitialvalue: 0000 0000)
/O control for port P7 ADMD16 = 0 (not used as analog input) write
PZCR Set f h bit individuall 0™, Input mode only
(Set for each bit individually) 1~ Output mode
Note 1~ P7€Ris a write-only register and must not be used with any of the read-modify-write instruction.

Note 2 7 \In the case of being used'as analog input, refer to A/D converter (2.10).

Figure 2.9 PortP7 and P7CR

23 Time Base Timer(TBT)
The time=base timer is used to generate the base time for key scan and dynamic display processing. For
this purpose, it generates'atime-base timer interrupt (INTTBT) at predetermined intervals.
This interrupt is generated beginning with the first rising edge of the source clock (the timing
generator’s divider output selected 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 interrupt
period. (See Figure 2-10 (b).)
When selecting the interrupt frequency, make sure the time-base timer is disabled. (Do not change the
selected interrupt frequency when disabling the active timer either.) However, you can select the
interrupt frequency simultaneously when enabling the timer.
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TBTCK x ><
: 120
TBTEN _I—I t2.=-1 machine cycle
-~ :
A '
Example : Setsthe time base timer frequency to f¢/216 [Hz] and enables anlINTTBT interrupt.
LD (TBTCR), 00001010B
SET (EIRL). 6
MPX INTTBT
fc/2%3 or 5725 >—A interrupt
fc/22" or 57213 >—B request
fc/2'6 or fs/28 >—C  lsource clock
fc/2'% or 57265 >—D vy Rising lock
fc/2'3 or 5725 >—E H edge Source cloc _I—l I_I I_I_
fc/2'2 or fs/2* >—F detector : : :
fc/2V or £5/23 >/ G TBTEN
fc/2° or fs/22 >—Hs A : : :
1 M H 5
3 g !
1 INTTBT ! " "
TBTCK TBTEN : : = - : "—
! ntefrup
TBTCR Enable TBT period
Time Base Timer Control Register
(a) Configuration (b) | Time Base Timer Interrupt
Figure2:10.~Time Base Timer
7 6 5 4 3 2 1 0
(T:()Ts;%:) |(DVOEN) | (OVOCK) | (OV7CK) |TBTEN | | TBTCK | (Initial value~_ 0**0 Q**x)
Time base timer 0 : Disable
TBTEN
enable/disable 1: Enable
000 : fc/2%or fsy 215 [HZ]
001 : fc/2%" or-fs72'3
010 : fo/2'8or fs/28 RAW
TBTCK  |Time base timer interrupt on fC/Z::OF f5/2§
frequency select 100~ fcr2%orfs/ 2
101 fel 2 2 or fs/ 2%
110-:fes 2 or fs/23
111 - fcr2¥ or fs/2
Note'; fc, High-frequency clock [Hz], fs [~Low-frequency clock [Hz], * ; don’t care
Figure 2-11. Time Base Timer and Divider Output Control Register
Table 2-1._Time Base Timer Interrupt Frequency
NORMAL{/2, |DLE1/2 mode Interrupt Frequency
TBTCK SLOW, SLEEP mode
DV7CK =0 DV7CK=1 At fc=8 MHz At fs=32.768 kHz
000 fc/2% fs121° fs/2'5 0.95 Hz 1 Hz
001 fc /22 fs/213 fs/213 3.81 4
010 fc/2'6 fs/28 - 122.07 128
011 fc/214 fs/ 26 - 488.28 512
100 fcs213 fs /25 - 976.56 1024
101 fc/212 fs/ 2% - 1953.12 2048
110 fc/2" fs/ 23 - 3906.25 4096
11 fc/2° fs/2 - 15625 16384
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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 set to “1” and then the P13

should be configured as an output mode.

Divider output circuit is controlled by the control register (TBTCR) shown in Figure 2-12.

7 6

5 4 3

2 1 0

TBTCR

|DVOEN| DVQCK | (DV7CK) | (TBTEN) |

I(TBTCK)I |

(0036y)

(Initial value :

O%x(0 Q*%x)

DVOEN | Divider output enable/disable

0 : Disable
1 : Enable

DVOCK
ocC P

Divider output (DVO)

requency selection

00 : fc/2"® or fs/2°[He]
01 : fc/2'2 or fs/ 2%
10 : fc/2' or fsp23
11 @ fc/2'0 or 5722

Note : fc,; High-frequency clock [Hz], fs,; Low-frequency clock[Hz], *; don’t care

Figure 2-12. Divider Output Control Register

Example: 1kHz pulse output (at fc =8 MHz)
SET (P1).3
LD (P1CR), 00001000B
LD (TBTCR), 100000008

; P13 output latch <1
Configures P13.asan dutput mode

'

; DVOEN&T;DVOCK«00

Table 2-2. \Frequency of Divider Output

DVOCK Freguency of Atf€28MHz | Atfs=32.768 kHz
Divider Output
00 fer2Wor  fs/2° 0.976-kHzl|  1.024  [kHz]
o 2 fss2° 1.953 2.048
10 fer2' fs/2° 3.906 4.096
1 fc/2° . fs/2° 7:812 8.192

outputtatch

fc/213 orfs/25 >
fc/212 or fg7 24>
fc/21orfs/ 23 >=]
fé/ 210 or fs /22 >

DVOCK

output enable

DVOEN

Divider output controhregister

P13 output IatchJ

DVOEN -] P

]|

(a) Configuration

Figure 2-13. Divider Output

(b) Timing Chart
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TOSHIBA

16-bit Timer/Counter 1 (TC1)

2.5

2.5.1 Configuration
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. 3JUMYD|DL Polapydew WIOL
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d1 v sa2isi62. Jawn 31q-9L MI1DL
1dVDS
> 3|660) ViDIYL a1934lL
aimde>
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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). Reset does not affect TREG1A and TREG1B.

TREG1A 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
(0010, 0011, TREGIAG (0011 | TREGIAf0010m L . |
Writeonly.
TREG1B
(0012, 0013H)| 1 TREG1By (0013};) 1 | ! ! TREGTB{ (0012p) ! ! |
Read/ Write (Write available in only
7 6 5 4 3 2 1 0 PPG-output mode)
SCAP1
TC1CR .
(0C01C4H) TRFT [MOAPT) gy TC1cK TC1M (Initial value -0000/0000)
MPPG1 | | |
00 : timer/external trigger timer/event counter mode
TCIM TC1 01: window mode
mode select 10: pulse width measupement mode
11: PPG output mode
00: internal clockfc/2_of fs/2?  [Hz]
TC1cK TC1 01: internal ¢lock fc/2?
source clock select 10: internal clock f¢/23
11: external clock (TC1 pin input)
00: stop &counter clear Write
TC1 01: commandstart
onl
Teis start control 10 :‘reserved y
11 —external trigger start
..SCAP1  |software capture control |~ Q M) il 1 software capture trigger (Note 3)
MCAP1 E;I’sterc\)/;ndth measurement . double edge capture-1: single edge capture
e NN O} jriggerstart  Tibiggerstortastop
MPPG1 | PPG output control 07: continuous pulse 1: single pulse
TFF1 timer F/F1 control\ for PPG 0: clear 1: set
output mode
Note 1: fc,; High-frequency clock [Hz], fs,; Low-frequency clock [Hz]
Note 2 : Writing-to the low-byte |of the timer registers (TREG1A;, TREG1B,), the comparison is inhibited
until /the high-byte (TREG1Ay, TREG1By) js written. After writing to the high-byte, the
comparison‘of 1 machine cycle (during instruction execution) is ignored.
Note 3 : Set the mode;-source clock, edge (INT2ES), PPG control and timer F/F control when TC1 stops
(TC15=00).
Note 4 : Software-capture can be used-in-only timer and event counter modes.
Note 5: Values to be'foaded to timer registers must satisfy the following condition.
TREG1A>TREG1B>0 (PPG outputmode); TREG1A>0 (others)
Note 6 : ~Always write “0” to TFF1 except the PPG output mode.
Note 7 : "TC1CR js a write-only register, which cannot be accessed by any read-modify-write instruction
such as bit operate, etc:
Nate 8 : \TREG1B cannot be written after setting to PPG output mode.

Figure 2=15. Timer Registers and TC1 Control Register

2.5.3 Function
Timer/counter 1 has six pperating modes: timer, external trigger timer, event counter, window, pulse
width'measurement, programmable pulse generator output mode.

(1) Timer Mode
In this mode, counting up is performed using the internal clock. The contents of 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 counteriscleared. The current
contents of up-counter can be transfered to TREG1B by setting SCAP1 (bit 6 in TC1CR) to “1”
(software capture function). SCAP1 is automatically cleared to “0” after capaturing.
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Table 2-3. Timer/Counter 1 Source Clock (Internal Clock)

Source clock Resolution Maximum time setting

NORMAL1/2, IDLE1/2 modes

SLOW, SLEEP modes _ _ — _
DV7CK =0 DV7CK = 1 Atfc=8MHz | Atfs=32.768 kHz | At fc=8MHz | Atfs=32.768 kHz

fc /23 [Hz] fc/23[Hz] - 1 us - 65.5.ms -
fc/2’ fc/2’ - 16 us - Y.0Ns -
fc/2m fs/2° fs/2° [Hz] 256 us 244,14 s 16.8 3 16.0 s

Example 1 : Sets the timer mode with source clock fs/23[Hz] and generates an interrupt 1. later (at
fs = 32.768 kHz).

LD (TC1CR), 000000008 ; Sets the TE€1 mode and source clock
LDW (TREG1A), 1000H ; Setsthe timerregister (1s+23/fs=10007)
SET (EIRL).EF4 ; enable INTTC1
El
LD (TC1CR), 000100008 ;[ Stafts TCl
Example 2 : Software capture
LD (TC1CR), 010100008 ~SCAPt<1 (Captures)
LD WA, (TREG1B) ; “Reads captured value

Command start

Source clock I||:|||||||||I|||||||||||I|I|||||||||
1
[}

Up-counter 0 XIXZ W O 2 3 4XEX6X7*

1
TREG1A » X n )
i Match Counter
INTTC1 interrupt | detect \[}>clear
(a) Timer

swcedock || | A DL L L L
Up-counter :Xm_zxm_1X m Xm+1Xm+2X I\S__X n-1 X n Xn+1X

capture capture
TREG1B X m X n

SCAP 1 |-|

Figure'2-16. Timer Mode Timing Chart

(b) Software Capture

(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 risinglor falling edge can be selected with INT2ES. Edge selection is the same as for
the external interrupt input INT2 pin. Source clock is used an internal clock selected with TC1CK. The
contents of TREG1A is compared with the contents of up-counter. If a match is found, an INTTC1
interrupt is generated, and the counter is cleared to”0” and halted. The counter is restarted by the
selected edge of the TC1 pin input.

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. A pulse width of 24/fc [s] or more is required for edge detection in NORMAL1/2 or
IDLE1/2 mode. The noise rejection circuit is turned off in SLOW and SLEEP modes. But, a pulse width
of 4/fs [s] or more is required.
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TC1 pininput

Internal clock

Up-counter
TREG1A

INTTC1

TC1 pininput

Internal clock

Up-counter
TREG1A

INTTC1

count start count restart

; wigger | y A trigger (INT2ES = 0)

N

T D €Y €D LI T 0 S, &Y &9 &Y &N

X n b
match \I'I/ clear
(a) Trigger Start (METT =0)
count count count
start clear start

*trigger tri trigger rising edge select
1 M NG t (INT2ES =0)
[} 1 S 1 S
o > w0
X > ]

/
match hclear

Note: m<n

() Trigger Start & Stop (METT1=1)

Figure 2-17.—External Trigger TimefMode Timing Chart

(3) Event Counter Mode

In this mode, events aré counted on the edge ofthe TC1 pin input. Either the rising or falling edge
can be selected-with INT2ES in EINTCR. The contents-of TREG1A are compared with the contents of
up-counter. Af/a matchis found, an INTTC1/intéprupt is generated, and the counter is cleared. The
maximum applied frequency is fc/244Hz] in NORMAL1/2 or IDLE1/2 mode and fs/24 [Hz] in SLOW or
SLEEP mode.

Setting SCAP1 to“1* transferres the current contents of up-counter to TREG1B (software capture
function). SCAP is automatically cleared after capturing.

TC1 pininput

Up-counter

TREGTA

INTTC1 interrupt

Command start

M, L

[ D G G EED € € SR G

X n b

Match Counter
detect krlj clear

Figure 2-18. Event Counter Mode Timing Chart (INT2ES = 1)
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(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 clock. The contents of TREG1A are compared with the
contents of up-counter. If a match is found, an INTTC1 interrupt is generated, and the counter is
cleared. Positive or negative logic for the TC1 pin input can be selected with INT2ES. Setting SCAP1
to “1” transferes the current contents of up-counter to TREG1B. It is necessary that the maximum
applied frequency (TC1 input) be such that the counter value can be analyzed by the program. That
is, the frequency must be considerably slower than the selected internal clock.

TC1 pininput

command start

1
1 1
: : S n= : 5 5 ;
Up-counter 0 X X2 X2 X e X\ ) X XReX T X2 X 3)

I
[}
INTTC1 interrupt ! match \n/ pa

TC1 pininput

Internal clock

Up-counter

INTTC1 interrupt

(a) Positive Logic(INT2ES =0)

command start

y

P=3 P oy

><
%
g

><

match T&Iear

(b) Negative Logic(INT2ES = 1)

Figure 2-19.-Window Mode Timing Chart

(5) Pulse width measurement mode

Countingis started by the external trigger (set to external trigger start by TC1S). The trigger can be
selected eitherthe rising or falling edge of the TC1 pin input. The source clock is used an internal
clock, On\the next falling (rising)._edge, the counter contents are transferred to TREG1B and an
INTTCT interrupt is.genefated. "\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 TREG1B 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).
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count count
start start
TC1 pininput trigger "

Internal clock ||||I|||||||||||||||||||||||||||
Up-counter naan m 0 m

capture

TREG1B n

INTTC1 |-|

[Applications] High'or low pulse width measurement

(a) Single Edge Capture

count count
start start
TC1 pininput * [
N
Internal clock | | | | | | | | | | | | | ” | | I | | | | | | | || | | | | | | | | |

Up-counter

capture

TREG1B X n X b

INTTC1 n |-|

[Applications] @ Period/Frequency measurement
@ Duty measurement

(b) Double Edge Capture

Figure 2-20. Pulse Width Measurement Mode Timing Chart
Example: Dutyméasurement (Resolutionfc/2’ [Hz])

CLR  (INTFCTSW)-© ; INTTC1 service switch initial setting
LD (EINTCRY), 000000008 ; Setstherise edge at the INT2 edge
LD (TC1CR), 000001 10B ; Setsthe TC1 mode and source clock
SET (EIRL). 4 ; Enables INTTC1
El
LD (TE1CR), 001101108 ; Starts TC1 with an external trigger
PINTTCY: CPL (INTTC1SW). 0 ; Complements INTTC1 service switch
JRS F,SINTTC1
LD (HPULSE), (TREG1BL) ;  ReadsTREGI1B
LD (HPULSE + 1), (TREG1BH)
RETI
SINTTC1: LD (WIDTH), (TREG1BL) ; Reads TREG1B (Period)

LD (WIDTH + 1), (TREG1BH)
RETI

VINTTC1: DW  PINTTCH
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(6) Programmable Pulse Generate (PPG) output mode

Counting is started by an edge of the TC1 pin input (either the rising or falling edge can be
selected) or by a command. The source clock is used an internal clock.. First, the contents of
TREG1B are compared with the contents of the up-counter. If a match is found; timer F/F1 outputis
toggled. Next, timer F/F1 is again toggled and the counter is cleared by matching with TREG1A.
An INTTC1 interrupt is generated at this time. Timer F/F output is connected-to the P14 (PPG) pin.
In the case of PPG output, set the P14 output latch to “1” and configufe asanoutput with P1CRg.
Timer F/F1is cleared to “0” during reset. The timer F/F1 value can also be'set’ by program 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 with TCHVI:

Internal clock

Up-counter

TREG1B

TREG1A

PPG output

INTTC1

TC1 pininput

Internal clock

Up-counter

TREG1B

TREG1A

PPG output

INTTC1

X ¢ ( ! (

matcf\ \ \ \
" | b | y
:X / /
|-| |-I n 'l Note: m>n
(@) \Pulse

external trigger start

|'| Note : m>n

[Applications] One shot pulse output
(b) Single

Figure 2-21. PPG Output Mode Timing Chart
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TFF1

TC1CR write strobe
reset

match with TREG1B
match with TREG1A

P1

Data output

4 output latch

:Ej—mﬂ
i > toggle

MPPG1

TimerF/F1

B
INTTC1 interrupt <Y
A
5 TC1S clear

signal

output enable

} | | P12(PPG)pin

2.6

2.6.1 Configuration

Figure 2-22. PPG Output

16-bit Timer/Counter 2 (TC2)

TC2 pin

fc/223 or fs/215—»
f¢/213 or fs/25y—>|
fc/28y — > |
fc/23y— > |
fo—

fsy—

w

TC2CK

MPX

|

TC2S

window

timer/
event counter seurce

clock

TC2S

TC2CR

Timet/Counter 2 control register

clear

16-bit up-counter

comparator

match

enable

match detect control

TREG2

16-bit timer register 2

t i

TREG2H TREG2L

INTTC2
interrupt

write strobe write strobe

Figure 2-23.—Timer/Counter 2 (TC2)
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2.6.2 Control

The timer/counter 2 is controlled by a timer/counter 2 control register (TC2CR) and a 16-bit timer register
2 (TREG2). Reset does not affect TREG2.

15 14 13 12 1" 10 9 8 7 5 4 3 2 0
(OO‘TQEO%?WH” 1 TIREGZH |(0017H} 1 1 : 1 TREG2L|(0016H) 1
write.only
5 4 3 21 0
Ootsy oot [ qora, ] U[rcam]  gnitialvalue: \++600050
TC2M Timer/counter 2 operating 0: Tir_ner/Event counter/mode
mode select 1 : Window mode
000 : Internal clock fc/283—of fs/2' [Hz]
001 : ” fel28 or fs/2°
010 : 4 fc/28
TCc2cK | Timer/counter 2 011 : ” fe/ 23 write
source clock select 100 : 7 f¢ (Note 5) only
101 : ” fs
110 : Reserved
111 : External.clteck (TC2 pin input)
TC2S Timer/counter 2 0 { Stop.and counter clear
start control 1. Start
Note 1: fc; High-frequency clock [Hz], fs; Low-frequency clock [Hz], /*;don'tcare
Note 2 : When writing to the low-byte of timer register 2 (TREG2,),\the' comparison is inhibited until
the high-byte (TREG2y),is written:
After writing to the high-byte, any match/during 1 machine cycle (instruction execution
cycle) is ignored.
Note 3: Set the mode andsource clock when timer/counterstops (TC2S = 0).
Note 4 : Values to be loaded to-the'timer register must satisfy the following condition.
TREG2 > 0(TREG215to 17>0 when warm-up).
Note5: “fc” can beselected\as the source clock onlyin'the timer mode during the SLOW mode.
Note 6: TC2CR and TREG2-are write-only registers_and \must not be used with any of the read-
modify-write jnstructions.

2.6.3 Function

Figure 2-24,/ Timer Registér2 and TC2 Control Register

The timer/counter 2 has-three operating modes:timer, event counter and window modes. Also

timer/counter 2 is used forwarm-up whenswitching from SLOW mode to NORMAL2 mode.

(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. Hf.a'\match is found, a timer/ counter 2 interrupt (INTTC2) is generated,
and\the counter is cleared-Counting up is resumed after the counter is cleared.
Also, when fc is s€lected as the source clock during SLOW mode, the lower 11 bits of TREG2 are
ignored and an INTTC2)interrupt/is generated by matching the upper 5 bits. Thus, in this case, only
the TREG2H setting is necessary.
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Table 2-4. Source Clock (Internal Clock) for Timer/Counter 2

Source clock . . . .
Resolution Maximum time setting
NORMAL1/2, IDLE1/2 mode
SLOW mode | SLEEP mode
DV7CK =0 DV7CK =1 Atfc=8 MHz| At fs=32.768 kHz | At fc'=8 MHz| At fs=32.768 kHz
fc/2%[Hz] fs/2"[Hz] fs /2" [Hz] fs/2" [Hz] 1.05 s 1 s 19.1 h 182 h
fc/2" fs/2° fs/2° fs/2° 1.02 ms 1 ms V.3 min 1 min
fe/28 fc/ 28 - - 32 us £ 29 s -
fc/ 23 fcr23 - - 1 us - 65.5 ms -
- - fc (Note) - 125 ns - 79 ms -
fs fs - - - 30.5 [uS - 2 s

Note : “fc” can be used only in the timer mode. |

Example : Sets the timer mode with source clock fc/23'[Hz] and generates andnterrupt-every 25
ms (at fc = 8 MHz).
LD (TC2CR), 000011008 ;| Sets'the TC2 mode and source(clogk
LDW (TREG2), 61A8H ; SetsTREG2 (25ms = 23/fc,= 61A8)
SET (EIRH).EF14 ~ Enable INTTC2
El
LD (TC2CR), 001011008 +_Starts TC2

(2) EventCounter Mode

In this mode, events are counted on the rising edge of the TC2 pin‘input/ The contents of TREG2 are

compared with the contents of thé up-counter.

If a/match._is found, an INTTC2 interrupt is

generated, and the counter is cleared--The maximum frequency applied to the TC2 pin is fc/24 [Hz] in

NORMAL1/2 or IDLE1/2 mode, and(fs/24[Hz] in SLOW or SLEEP-mode/

Example : Setsthe eventcounter mode and generates an INTT2 interrupt 640 counts later.
LD (TC2CR), 000111008 ; 'Setsthe TC2 mode
LDW (TREG2), 640 ;~Sets TREG2
SET (EIRH).EF14 »\ Enable INTTC2
El
LD (TC2€R), 001111008 ; Starts TC2

(3) Window Mode

In this mode, counting up is performed-on the’rising edge of the pulse that is the logical AND-ed
product of the TC2 pin input (window. pulse) and an internal clock. The internal clock is selected with
TC2CK:, The contents of TREG2 are compared with the contents of up-counter. If a match is found,

an INTTC2 interrupt is generated, and the up-counter is cleared to “0".

It is necessary that the

maximum applied frequency (TC2 input) be such that the counter value can be analyzed by the

program. That is, the frequency must be considerably slower than the selected internal clock.

JC2pininput |
i
Internal clock !

Up-counter D € € §4 = GEEETEED 5 0 0 6B € €
TREG2 X n )

match

\I'Y counter clear

INTTC2 interrupt

Figure 2-25. Window Mode Timing Chart

3-41-62

2003-05-22



TOSHIBA

TMP87C841/C41/H41/K41/M41

2.7 8-Bit Timer/Counter 3 (TC3)

2.7.1 Configuration

¢ inhibit

rising
Edge PR Capture _D—>
detector | PNNG1 O trol INTTC3
i )— interrupt
TC3M TC3S
INT3ES —; clear
S
TC3 pin L]
D
0212 or f/26 ——————>1{A v source clock 8-bit up-Counter overflow
fc/210 or fs22 ———————>|B 2CIM
o ————>cs §
2L
T match
TescK capture capture
e [ il [T meEGIA [T
TC3S SCAP 8-bit TimerRegister 3A, 3B
TC3CR ﬂ ﬁ
Timer/Counter 3 Control Register
Figure 2-26. Timer/Counter 3
2.7.2 Control
TREG3A 7 6 5 4 2 1 0
0018) | | Read/Write
TREG3B
(0019,) | I Read only
7 6 5 4 2 1 0
TCICR 1o et e e -
001A) o [scap ]~ [Tess| Tegek—] [Te3m| (Initial value :  *0%0 00%0)
Timer/counter 3 0 : Timer/event counter
TC3M .
operation mode set 1 : Capture
00 : Internal clock fc/2? or fs/2¢ [HZ]
Tc3ck | Timer/counter 3 01 : Internal clock fc/2" or fs/2?
source clock select 10 : Internal clock fcr2’ Write
11 : External clock (TC3 pin input) only
TC3S Timer/counter3 0 : Stop &clear
start.seléct 1: Start
SCAP Software capture control 0: -
1 : Software capture
Note 1: fc,; High-frequency clock [Hz] fs; Low-frequency clock [Hz] *;don’t care
Note 2 : Set the mode, the source clock and the edge selection (INT3ES) when the TC3 stops (TC3S =0).
Note 3: Values to be loaded into timer register 3A must satisfy the following condition.
TREG3A > 0 (in the timer/event counter mode)
Note 4 : TC3CRis a write-only register and must not be used with any of read-modify-write instructions.

Figure 2-27. Timer Register 3A/3B and TC3 Control Register
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The timer/counter 3 is controlled by a timer/counter 3 control register (TC3CR) and two 8-bit timer
registers (TREG3A and TREG3B). Reset does not affect these timer registers.

2.7.3 Function
The timer/counter 3 has three operating modes : timer, event counter, and capture mode.

(1) Timer Mode
In this mode, the internal clock is used for counting up. The contents of TREG3A are compared with
the contents of up-counter. If a match is found, a timer/counter 3.interfrupt (INTTC3) is generated,
and the up-counter is cleared. Counting up resumes after the /Up-counter is cleared. The current
contents of up-counter are loaded into TREG3B by setting SCAR (bit 6.in TC3CR) to “1”. SCAP is
automatically cleared after capturing.

Table 2-5. Source Clock (Internal Clock) for Timer €ounter 3

Source clock Resolution Maximum setting time
NORMAL1/2, IDLE1/2 mode SLOW, SLEEP mode fc=8 MHz fs =)32.768 kHz fc=8 MHz fs=32.768 kHz
fc/2”? or fs/2* [Hz] fs/2*  [Hz] 512/ —us 488.28 us B ms 125 ms
fc/2" or fs/2? - 128\ s 122.07 us 32.8-.ms 31.25 ms
fc/27 - 16 . us - 4.1\ ms -

(2) EventCounter Mode

In this mode, the TC3 pin input pulses are used forcounting up. Either the rising or falling edge can
be selected with INT3ES (bit 3 in EINTCR). The.contents,of TREG3A are compared with the contents
of the up-counter. If a match is found,anINTTC3 intefrapt is generated and the counter is cleared.
The maximum applied frequency’isfe/24 [HZ] in the NORMAL1/2 or/IDLE1/2 mode, and fs/24 [Hz] in
SLOW or SLEEP mode. Two or more machine cycles are required/for both the “H” and “L” levels of
the pulse width.

The current contents of up-counterare loaded into TREG3B by setting SCAP (bit 6 in TC3CR) to “1".
SCAP is automatically cleared aftercapturing.

Example : Genefatés\an interrupt every-0.5; inputing 50Hz pulses to the TC3 pin.

LD(TC3CR), 00001100B ; SetsTC3)mode and source clock
LD (TREG3A), 19H ; 0.55%1/50=25=19,
ID/(TC3CRY, 00011100B ™~ ; . Start TC3

(3) Capture Mode

The pulse width, period and duty oftheTC3 pin input are measured in this mode, which can be used
in deceding the remote control signals, etc:;The counter is free running by the internal clock. On the
rising (falling).edge of the TC3 pin input, the current contents of counter is loaded into TREG3A, then
the up-counteris cleared and-an INTTC3 interrupt is generated. On the falling (rising) edge of the
TC3 pin input, the current contents of the counter is loaded into the TREG3B. In this case, counting
continues. At the next rising(falling) edge of the TC3 pin input, the current contents of counter are
loaded into TREGBA, then'the counter is cleared again and an interrupt is generated. If the counter
overflows before the'edge'is detécted, FFy is set to the TREG3A and an overflow interrupt (INTTC3) is
generated. During interrupt processing, it can be determined whether or not there is an overflow by
chetcking whether or not thé TREG3A value is FF4. Also, after an interrupt (capture to TREG3A, or
overflow detection) is generated, capture and overflow detection are halted until TREG3A has been
read out; however, the counter continues.

After TREG3A has been read out, capture and overflow detection are resumed, usually, TREG3B is
read out first.
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Up-counter D (0.0 D 6 B € 3D §) 3D 0.0 &D 6 € 8 @00 € 6 &

TC3 pininput _I\ ! !\ I_,

I
TREG3A Xk \ X n i\ X FF (overflow)
: ]
I
I

TREG3B

XFE

1 T
1 1
1 T
' !
capture \_ca pture | overflow
INTTC3 interrupt n n |_|
Reading TREG3A M M |'|_

Figure 2-28. Timing Chart for Capturé Mode (INT3ES =0)

2.8 8-bit Timer/Counter (TC4)

2.8.1 Configuration

INT4ES

S

Tcarin O A
Y
|,I

O1B

f5/23 S>> sf;cr: €
Cl
fer27 >

T overflow
fe/23 S+ YA Y 8-bit up-counter D_‘

fc/25 >—>

D
2 A

fe/22 > . Timer F/F4
C

fe2 D—>- [
4» match PWM / PDO

toggle ;

S pin

clear

D
fci2'or >>{a
B
C

=<
w
v

fc >

7 et Q —{>o—0

clear

TFF4 | TC4S TCAM Y

2} T 2 /? decoder
| TEACR | I TREGA | TCAM =11

Timer/Counter4 ControlRegister 8-bit Timer Register 4
INTTC4 TCAM, TFF4

ﬁ ﬁ interrupt

Figure 2-29. Timer/Counter4
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2.8.2 Control
The timer/counter 4 is controlled by a timer/counter 4 control register (TC4CR) and an 8-bit timer register
4 (TREGA4). Reset does not affect TREGA4.

7 6 5 4 3 2 1 0

TREG4 ; : : : : : : .
(001By) | : - : - : " : ; : . H 1 : - | Write only

TC4CR ”

(001Cy) | TFF4  [rcacs|Tcas| Tc4ck TCAM | (Initial value :  0000,0000)

00 : Timer/event counter mode

01 : Reserved

10 : Programmable divider qutput(PDO) mode
11 : Pulse width modulation (PWM) output mode

TCAM TC4 operating mode select

mode A (TCACS =(0) mode B (TC4CS=1)
00: fc/2"orfs/ 23 00 : fc/2°
TCACK | TC4 source clock select 01 : fc/27 01:fc/22
10 : fc/23 10: fc/2 write
11 : External clock 114 f¢ only
(TC4Apin input)

TC4S TC4 start control 0: Stop & clear

1: Start
TCACS | TC4 mode select 0 : meue A
1.: modeB
! 00 : Clear
TFF4 Timer F/F 4 control 15— (Note 3)

Note 1: fc; High-frequency clock [Hz], fs; Low-frequency clock [Hz], %, don’t care
Note2: Set the operating mode, the source clock selection, the timer FIF 4 control and the edge
selection (INT4ES) when the TC4 stops (TC4S =0).
Note 3: TFF4 must be set to\"T11” in'the timer, event counter modes'and B mode.
Note4: Values to be loaded to the timer register must satisfy the following condition.
(a) When in PWM output mode, 5 < TREG4 < 251
(b) When-any other mode than PWM output mode, 0 < TREG4
Note5: Source'clock fc/22,fc/2, and fc cannot-be used except in PWM output mode.
Note 6 : __TC4CR and/TREG4 are write-only registers and. must not be used with any of read-modify-
write instructions.

Figure-2-30. Timer Register 4 and/TC4 Control Register

2.8.3 Function
The timer/counter 4 has four operating.modes:timer, event counter, programmable divider output, and
PWM output mode.

(1) Timer'Mode
In this-mode, the internal clock is used for counting up. The contents of TREG4 are compared with
the\contents of up-counter._If a.match is found, a timer/counter 4 interrupt (INTTC4) is generated
and the up“counter-is clearedto €0/ Counting up resumes after the up- counter is cleared.

Table 256 Source Clock (Internal Clock) for Timer/Counter 4

Source clock Resolution Maximum setting time
Mode | NORMAL1/2, IDLE1/2 mode | SLOW, SLEEP mode | Atfc=8 MHz | Atfs=32.768kHz |Atfc=8MHz | Atfs=32.768 kHz
fc/2" or fs/23 [Hz] fs/2® [Hz] 256 us 24414 s 65.3 ms 62.2 ms
A fcr2’ - 16 s - 41 ms -
fcr23 - 1 73 - 255 us -
B fc/2° - 4 s - 1024 us
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(2) EventCounter Mode
In this mode, the TC4 pin input (external clock) pulse is used for counting up. Either the rising or
falling edge can be selected with TC4ES (bit 4 in EINTCR). The contents 6f the TREG4 are compared
with the contents of the up-counter. If a match is found, an INTTC4 interrupt.is generated and the
counter is cleared. The maximum applied frequency is f¢/2# [Hz] in NORMALT/2 or IDLE1/2 mode, and
fs/2% [Hz] in SLOW or SLEEP mode. Two or more machine cycles are required-for/hoth the high and
low levels of the pulse width.

(3) Programmable Divider Output (PDO) Mode
The internal clock is used for counting up. The contents of TREG4 are-compared with the contents of
the up-counter. Timer F/F 4 output is toggled and the counter isclearedjeach time a match is found.
Timer F/F 4 output is inverted and output to the PDO (P52) pin. This-mode can be used-for 50% duty
pulse output. Timer F/F 4 can be initialized by program, and it issinitialized to “0” duringreset. An
INTTC4 interrupt is generated each time the PDO output is toggled.

Example : Outputa 1024 Hz pulse (at fc = 4,194304 MHz)

LD (TC4CR), 00000110B T Initializesthe TC4 mode, source clockand timer F/F 4.
LD (TREG4), 10H ;172048 + 27/fc = 10y
LD (TC4CR), 00010110B ;_Starts TC4

Internal clock ||||||55||||||||55|||I||||55|||||II|55||||

Up-counter 58D € §).00E0 €3 §80.0 2D #9008 €3 §0.00 &

TREG4 :X n [ o 2 3
match\ \ \ \
TimerF/F4

PDO pin output

INTTC4 interrupt " " " "

Figure 2-31._Timing-Chart for PDO Mode

(4) Pulse Width Modulation (PWM) Output Mode

PWM output with a resolution of 8 bits is'possible. The internal clock is used for counting up. The
contents of TREG4 are compared with the contents of up-counter. If a match is found, the timer F/F
4 outputis toggled. The countercontinues counting. And, when an overflow occurs, the timer F/F 4
output is again toggled andthe counter is cleared. Timer F/F 4 output is inverted and output to the
PWNM (P52) pin. AWINTTC4 interrupt is generated when an overflow occurs.

TREG4is configured.a 2-stage shift register and, during output, will not switch until one output cycle
is completed even if’TREG4 is overwritten; therefore, output can be altered continuously. Also, the
first time, TREGA4 is shifted. by setting TC4S (bit 4 in TC4CR) to “1" after data are loaded to TREGA4.

Note 1: Do not overwrite TREG4 only when an INTTC4 interrupt is generated. Usually,
TREG4 is overwritten in the routine of INTTC4 interrupt service.
Note 2 : PWM output mode can be used only in the NORMAL 1,2 and IDLE 1, 2 mode.
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Up-counter

Internal clock ||||§‘||||||§E||||||||§5||||||55||||||||55|||||

é

Xl

TREG4 :X n/n

P
match\\

[
overﬂow\\

A

A
overwrite\ \ shift
Timer F/F 4 | | |
1 1 1 i i
1 1 1 ! !
PWM pin | | | | |
INTTC4 interrupt " "
I 1 period |
Figure 2-32. Timing Chart for PWM-Mode
Table 2-7. PWM'QutputMode
Source clock
Resolution Repeat cycle
NORMAL1/2, IDLE1/2 mode
Mode SLOW, SLEEP mode
DV7CK=0 DV7CK =1 Atfc=Z8MHz | At'fs=32.768 kHz | At fc=8 MHz | At fs=32.768 kHz
fc/ 2" [Hz] fs/ 23 [Hz] fs/ 22 [Hz] 256  us 244,14 us 65.5 ms 62.5 ms
A fc/2’ - - 16 us = 4.1 ms -
fc/23 - - 1 us - 256 us -
fc/2° [Hz] - - 4 us - 1024 s -
B fc/2? - = 500 'ns - 128  us -
fc/2 - - 250 ns - 64  us -
fc = - 125 ns - 32 s -
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2.9 Serial Interface (SI01, SI02)

The 87C841/CC41/CH41/CK41/CM41 each have two clocked-synchronous 8-bit serial interfaces (SIO1 and
SI02). Each serial interface has an 8-byte transmit and receive data buffer ¢hat can automatically and
continuously transfer up to 64 bits of data.

The serial interfaces are connected to external devices via pins P44 (SO 1), P43((SI1),-P42 (SCK1) for SIO1
and P47 (SO2), P46 (SI2), P45 (SCK2) for SIO2. The serial interface pins are alse ‘used as port P4. When
used as serial interface pins, the output latches of these pins should be setto "1"”. Inthe transmit mode,
pins P43 and P46 can be used as normal I/O ports, and in the receive mode, the pins P44 and P47 can be
used as normal I/O ports.

2.9.1 Configuration

The SIO1 and SIO2 have the same configuration, except for the addresses/bit positions-ef the control/
status registers and buffer registers.

SIO control/status registers

SIO1CR1/SIO1SR SIOATCR2
SIO2CR1/SIO2SR SIO2CR2
T T T T T T

—

data buffér
(8 bytesin DBR)

1 1 |
—[\ Transmit and récéive

| circui Buffer control
Control circuit dircuit
Shift register
7 6 5\ 4 3 2 1 0
SO1,S02 pins
NSy L Serial data output
8-bit transfer 4-bit transfer SI1, S12 pins
’ Dserial data input
INTSIO1 interfupt reguest [ —
INTSIO2 yptrequ Serial clock DSCK1,SCK2pins
Serial clock I/0
Figure 2-33.>Serial Interfaces
2.9.2 Control

The serial‘intérfaces are controlled by SIO control registers (SIO1CR1/SIO1CR2 or SIO2CR1/SI0O2CR2). The
serial interface status can be determined by reading SIO status registers (SIO1SR or SIO2SR).

The transmit-and receive data buffer is controlled by the BUF (bits 2-0 in SIO1CR2/SIO2CR2). The data
buffer is assigned to addresses OFFOy to OFF7 for SIO1 or OFF8y - OFFFy for SIO2 in the DBR area, and can
continuously-transfer up to 8 werds(bytes or nibbles) at one time. When the specified number of words
has been-transferred,/a’buffer empty (in the transmit mode) or a buffer full (in the receive mode or
transmit/recéive mode).interrupt (INTSIO1 or INTSIO2) is generated.

When the internal clockés'used as the serial clock in the 8-bit receive mode and the 8-bit transmit/receive
mode;.a fixed interval wait can.be applied to the serial clock for each word transferred. Four different
wait times can be selected with WAIT (bits 4 and 3 in SIO1CR2/SI02CR2).
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SIO1CR1
(00204)

SIO2CR1
(0022y)

SIO1SR
(0020y)

SIO2SR
(0022y)

SI0O1CR2
(0021y)
SIO2CR2
(0023y)

7

SI01, SIO2 Control Registers 1

6 5 4 3 2 1 0

[sios | &9 | SIOM | [SCK | (Initial value : 0000 0000)

SIOS

0 : Stop

Indicate transfer start/stop 1: Start

SIOINH

Continue/abort transfer (1) : Continue transfer

: Abort transfer (automatically ¢l€aréd after abort)

SIOM

000 : 8-bit transmit mode

010 : 4-bit transmit mode
Transfer mode select 100 : 8-bit transmit/receive mode
101 : 8-bit receive mode

110 : 4-bit receive mode

write
only

SCK

000 : Internal clock fd72¥or fs£2° [Hz]

001 : Internal clock f¢/28 (@putcn)
Serial clock select 010 : Internal clock f¢/2° SCK’pin
011 : Internal clock fo/ 2°

111 : External clock (input from SCK pin)

Note 1: fc, High-frequency clock [Hz], fs ; Low-fréquency-clock [Hz]
Note 2 : SetSIOS to “0” and SIOINH to “1” when-setting the transfer mode or/serial-clock:
Note 3: SIO1CR2/SIO2CR2 are write-only registers, which cannot access\any of in read-modify-write

instruction such as bit operate, etc:

SIO1, SIO2 Status Registers
7 6 5 4 3 2 1 0

Serial transfer operating 0 : Transfer terminated After SIOS is cleared to "0, SIOF
SIOF ) ) is cleared to “0” at the termination
status monitor 1 : Transfer in process of transfer or setting if SIOINH read
SEF Shift operating status 0 : Shift operation terminated only
monitor 1 : Shift operatienin process
SIO1, SIO2 Control Régisters 2
D EBSS A  2 N 0
................................. [ war  BUR | (Initial value:  **x0 0000)
Please set “00”, except for 8-bit transmit/receive mode or
recive mode
, 00YTs =Tp (Non wait)
WAIT Wait/control 01:Ts =2Tp
10 : Ts =4Tp i| (wait)
11:T¢ =8Tp
Buffer address used Write
SI01 S102 only
000 : 1 word transfer OFFOy OFF84
001 : 2 words transfer OFFO to OFF1y OFF8 to OFF9y
BUF Number of transfer words 010 : 3 wordstransfer OFFO to OFF2y OFF8 to OFFAy

011 : 4 wordstransfer OFFO to OFF3y OFF8 to OFFBy
100 : 5 words transfer OFFO to OFF4y OFF8 to OFFCy
101 : 6 wordstransfer OFFO to OFF54 OFF8 to OFFDy
110 : 7 words transfer OFF0 to OFF6, OFF8 to OFFEy
111 : 8 words transfer OFFO to OFF7y OFF8 to OFFFy
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Note1: *;don’tcare
Note2: WAIT isvalid only in the 8-bit transmit / receive and 8-bit receive modes.
Note3: Ty  frametime, Tp; data transfer time
—Il—ll—ll—ll—ll—ll—ll—ll. )
SCK pin !
: i i
i T ! !
i D ! i
1 ]
1 1
[ T \
Note4: The lower 4 bits of each buffer are used during 4-bit transfers._Zeros (0) are stored to the upper 4bits
when receiving.
Note5: Transmitting starts at the lowest address. Received data-are also stored starting.from the lowest
address to the highest address. For example, in/the case’of SIO1, the first buffer-address transmitted is
OFF0y.
Note 6 : The value to be loaded to BUF is held aftertransfer iscompleted.
Note7: SIO1CR2/SIO2CR2 are write-only registers, which cannot access-any of~in-read-modify-write

instruction such as bit operate, etc.

Figure 2-34. SIO ControlRegisters and Status Régisters

(1) Serial Clock

a.Clock Source
SCK (bits 2 to 0 in SIO1CR1/SIO2CR1) is able to select the-following:

® Internal Clock
Any of four frequencies can be selected./ The serial clock is output to the outside on the
SCK1/SCK2 pin-_The SEKpin goes high when transfer starts.
When data wtriting {(in the transmit mode)\or reading (in the receive mode or the
transmit/receive mode) cannot keep up with the serial clock rate, there is a wait function
that automatically stops the-serial \clock) and holds the next shift operation until the
read/write/processing is completed.

Table-2-8. Serial Clock Rate

Serial clock )
Maximum transfer rate
NORMAL1/2, IDLE1/2 mode
SLOW, SLEEP mode
DV7CK=0 DV7CK'=1 At fc=8 MHz At fs=32.768 kHz
fe/2"  [Hz] fs-/-2° [HZ] fs/ 25 [Hz] 0.977 kbit/s 1 kbit/s
fc/ 28 fc/ 28 - 31.2 -
fc/ 28 fcr28 - 125 -
fc/2° fc12° - 250 -
Note : 1Kbit = 1024bit
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automatically

wait function
SCK pin output Illluu UUUUUU

SO pin output \ 2 X a1 Xa Xas X bo X b1 X(ba X b3 X co X
Written transmit / J /
data to the DBR a X b ) &

Figure 2-35. Clock Source (Internal Clock)

@ External Clock
An external clock connected to the SCKT/ SCK2 pin is used-as the serial clock. In this case,
the P42 (SCK1) / P45 (SCK2)output latch must be set to “1“._To ensure shifting;-a pulse width
of at least 4 machine cycles is required. Thus, thé.maximum transfer speed is 244K-bit/s. (at
fc = 8 MHz).
ST pin input 1 O O e (7

tscke tsckH
tsekL tsekn > 4 teye Note : tcyc =4/fc(In NORAML1/2, IDLE1/2 modes)
4/fs(In SLOW, SLEEP modes)

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

® Leading Edge
Transmitted data are shiftedonthe’leading edge of the serjal clock (falling edge of the SCK
pin input/output).

@ Trailing Edge
Received data are shifted on the trailing édge-of'the serial clock (rising edge of the SCK pin
input/output);

sakpin— Lo WAL 1 L

SO pin \__bito X bitt X bi2 X bit3

Shift register X 3210 X *321 X **32 X ***3

(a)~Leading Edge

sk b1 L+ Lt Lt

S pin X bito X bitt X bit2 X bit3

Shift register e X o X 10** X 210* X3210
(b) Trailing Edge

Note : *;don’tcare

Figure 2-36. Shift Edge
(2) Number of Bits to Transfer

Either 4-bit or 8-bit serial transfer can be selected. When 4-bit serial transfer is selected, only the
lower 4 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).
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(3) Number of Words to Transfer
Up to 8 words consisting of 4 bits of data (4-bit serial transfer) or 8 bits (8-bit serial transfer) of data
can be transferred continuously. The number of words to be transferred is loaded to BUF1/BUF2 in
SIOBCR.
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.

SCK pin Illlllll
SO pin \30X81X32Xa3

INTSIO interrupt "

(a) 1Word Transmit

SO pin \ 2 X a X a X as X bo X by X b X bs X co X & X &2 X &

INTSIO interrupt "

(b)..3 Words Transmit

Sl pin X a X ar X a X.ax X bo X b1 X/ba X baXico X oo X2 X3 /

INTSIO interrupt "

(c) 3 WordsReceive

Figure 2-37. Number of)Bits to Transfer(Example : 4-bit serial transfer)

2.9.3 Transfer Mode
SIOM (bits 5 to 3 in SIO1CR1/SI02CR1) is used to select the-transmit, receive, or transmit/receive mode.

(1) 4-bitand 8-bit Transmit Modes

In these ‘modes;~the SIO1CR1/SIO2CR1 ‘is setto the transmit mode and then the data to be
transmitted. fitst are written to the data-buffer registers (DBR). After the data are written, the
transmission is'started by setting SlOS-to “71”. The data are then output sequentially to the SO
pin in.synchronous with the serial clock, starting with the least significant bit (LSB). As soon as
the, LSB has been output, the data are transferred from the data buffer register to the shift
register. "When the final data bit has been transferred and the data buffer register is empty, an
INTSIO (buffer empty) interrupt is generated to request the next transmitted data.

Whenthe internal clock is used, the serial clock will stop and an automatic-wait will be initiated
ifthe next transmitteéd'data are hot 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 previous word is completed.

Note : 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.

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 interrupt request to writing of the data to the data buffer register by the
interrupt service program.
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When the transmit is started, after the SIOF goes "1” output from the SO pin holds final bit of
the last data until falling edge of the SCK.

The transmission is ended by clearing SIOS to “0” or setting SIOINH. to in buffer empty
interrupt service program. That the transmission has ended can be determined from the status
of SIOF (bit 7 in SIO1SR/SIO2SR) because SIOF is cleared to “0” when a transfer is completed.
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":

111 "

i————— L clearSIOs

$I10s _6 l \

SIOF_! \> |

SCK pin (output)

SO pin

INTSIO interrupt

DBR
oo
write write (a) Internal Clock
(@  (b)

e JbafsIos ———————————>

sl0s fl |

SIOF _| g

SCK pin (input)

SO pin

INTSIO interrupt

DBR
T T (b) External Clock
write. write
(a) (b)

Figure 2-38.Transfer Mode (Example: 8-bit, 1 Word Transfer)

3-41-74 2003-05-22



TOSHIBA TMP87C841/C41/H41/K41/M4a1

SCK pin I I
SIOF |

SOpin bite X bit7 : 7

————>
tsopH = min. 3.5/fc[s] (In the NORMAL1/2,\IDLE1/2 modes)
=min. 3.5/fs [s] (In the SLOW, SLEEP.modes)

Figure 2-39. Transmitted Data Hold Time at end of transmit

(2) 4-bitand 8-bit Receive Modes

After setting the control registers to the receive mode, set SIOS.to “1” to enable receiving. The
data are then transferred to the shift register via the-SI pinin synchronous with-the serial clock.
When one word of data has been received, it is trapsfefred from the shiftregisterto the data
buffer register (DBR). When the number of words specified with the BUF-has’been received, an
INTSIO (buffer full) interrupt is 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 préviousdata are not read 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 word has been
read.

Note :Waits are also canceled by.reading a DBR not being used as a received data buffer
register is read; therefore, during SIO do not-use such DBR for other applications.

When an external clock is used,-the shift operation is synchronized with the external clock;
therefore, the previous/data are read before the\next data are transferred to 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 réceiving 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 requestds génerated and whenthe data received have been read.

The recgiving is ended by clearing.SIOS to /0" arsetting SIOINH to in buffer full interrupt service
program. When SIOINH is set the receiving isimmediately ended SIOF is cleared to “0”.

When SIOS s cleared, the current data-are transferred to the buffer in 4-bit or 8-bit blocks. The
receiving mode-ends when the transfer-is completed. SIOF is cleared to “0” when receiving is
ended,and thus can be sensed by program to confirm that receiving has ended.

If it is\necessary to change the number of words in external clock operation, SIOS should be
clearedto"0" then BUF must be rewritten after confirming that SIOF has been cleared to “0”.
Ifit-is ‘\necessary to change the number of words in internal clock, during automatic-wait
operation which occurs-after completion of data receive, BUF must be rewritten before the
received data isread/out.

Note : The bufferi{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.
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clear SIOS

SI0S

SIOF

SEF

SCK pin output

Sl pin input

INTSIO interrupt

DBR X 3 X b
Y v
read out read out

Figure 2-40. Receive Mode (Example :8-bit;”1 word, intermat-clock)

(3) 8-bit Transmit/Receive Mode

After setting the control registers 16 the 8-bit transmit/receive, mode, write the data to be
transmitted first to the data bufferregisters (DBR). After that, €nable transceiving by setting
SIOS to “1”. When transmitting,the data are output from-the-SO pin at leading edges of the
serial clock. When receiving, the data are input t6 the Sl pin_at the trailing edges of the serial
clock. 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 BUF has been
transferred. The interruptservice program reads the received data from the data buffer register
and then writes the data to\be transmitted.\ The data buffer register is used for both
transmitting and receiving; therefore, alwaysivrite'the data to be transmitted after reading 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. Awaitwill not be initialed if even one data ward has been written.

Note *Thewait is also'canceled by-writing toa DBR not being used as a transmit data buffer
registérs; therefore, during SIO-do.not use such DBR for other applications.

When_an external clock is used, the shift operation is synchronized with the external clock;
theréfore, it is necessary to read the received data and write the data to be transmitted next
beforestarting the next shift operation. When an external clock is used, the transfer speed is
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.

When the transmit is'started, after the SIOF goes "1” output from the SO pin holds final bit of
the last data dntil falling edge of the SCK.

Transmit/receive operation-is ended by clearing SIOS to “0” or set SIOTNH to “1” in interrupt
service program? When SIOS is cleared, the current data are transferred to the data buffer
register in 8-bit blocks:~The transmit mode ends when the transfer is completed. SIOF is cleared
to “0” when receiving is ended and thus can be sensed by program to confirm that receiving has
ended.
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When SIO1NH is set, the transmit/receive operation is immediately ended and SIOF is cleared to
“0".

If it is necessary to change the number of words in external clock{operation, SIOS should be
cleared to “0”, then BUF must be rewritten after confirming that SIOF has been cleared to “0”.

If it is necessary to change the number of words in internal clock, during automatic-wait
operation which occurs after completion of transmit/receive operation, BUF/ must be rewritten
before reading and writing of the receive/transmit data.

Note : The buffer contents are lost when the transfer mode isswitcheéd. )if it should become
necessary to switch the transfer mode, end receiving by clearingSIOS to “0”, read the
last data and then switch the transfer mode.

[e——— clearSIOs T — — >

SI0s

SIOF

SEF

SCK pin output

SO pin

Sl pin

INTSIO interrupt | I

DBR X = XZ?( b X d
A ¥ Y

write (a) read out(c) write (b) read out (d)

Figure2-41. Transmit/Receive Mode (Example : 8-bit, Tword, internal clock)

SCK pih I |
SIOF |

Sopin bite X b7 7

tsopH :

tsopn = min. A/fc [s] (In the NORMAL1/2, IDLE1/2 modes)
=min. 4/fs [s] (In the SLOW, SLEEPmodes)

Figure 2-42. Transmitted Data Hold Time at end of transmit/receive
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2.10 10-bit A/D Converter (ADC)
The 87C841/CC41/CH41/CK41/CM41 each have an 16-channel multiplexed-input 10-bit successive
approximate type A/D converter.

2.10.1 Configuration

VAREF O— D/A Converter =1 vass
Analog input Multiplexer
Reférence
AINO O————1A Voltage
AINT O——B Y
to § G 10

AIN6é O———!
AIN7 O——H Analog
ANTO O———]! Comparator
ANt O——)

§
A:[I(I)\HS O § 0 Successive Approximate Circuit
AIN177 O—|P

. | ADMD16 Shift clock
EN |«— | ———— —_
S AINDS Control Circuit 10

EN
15%4 Aps facikf ] eocr 8 k2 ys
P7CR, P6CR ADCCR ADCDR1,/ADCDR2H, ADCDR2L
P6 and P7 input/output control register ~ A/D Converter control register A/DConversion result register

Figure 2-43. A/DConverter

2.10.2 Control
The A/D converter is controlled by an A/D converter control register\(ADCCR), a port P6 input/output
control register (P6CR) and a port P7 input/eutput control register(P7CR).

A/D Converter Control Register

7 6 5 4 3 2 1 0
EOCF/ i :
g%gg:) AEQCH | ADS | ACK |A|NDS| ) SAIN | | (Intial value : 0000 0000)
0000 : AINOQ 1000 : AIN10
0001 +AINY 1001 : AIN11
0010 = AIN2 1010 : AIN12
0011/ AIN3 1011 : AIN13
SAIN__“| Analog-inputselection 01007: AIN4 1100 : AIN14
0101_: _AIN5 1101 : AIN15
0110 _: AIN6 1110 : AIN16
0111/: AIN7 1111 : AIN17 RIW
. 0 : Enable
AINDS | Analog input control 7: Disable
. , 0:184/fc : (at8MHz 23.5 us).(at4.2 MHz 44.7 1s)
ACK C t
onversiontime 1:736/fc @ (at8MHz 92,s). (at4.2MHz 176 )
. 0: -
ADS A/D convertionstart 1 : A/D convertion start
] . . R
EOCF End of A/D conversion flag 0 : Under conver5|.on or before conversion ead
1 : End of conversion only
Number of analog input 0 : 8ch (AINOto 7) Write
ADMD16
selection 1: 16ch (AIN10to 17) only

Note 1: Select analog input when A/D converter stops.

Note2: The ADS is automatically cleared to “0” after starting conversion.

Note 3: The EOCF is cleared to “0” when reading the ADCDR1 or the ADCDR2H, ADCDR2L.
Note4: The EOCF is read-only.

Note5: The ADMDI16 is write-only.

Note 6 : Select 16ch mode (ADMD16 = 1) when selecting from the AIN 10 to the AIN17.

Figure 2-44. A/D Converter Control Register
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ADCDRI1
(000F)

ADCDR2H
(0025y)

ADCDR2L
(0024y)

P6CR
(000CH)

A/D Conversion Result Register

6 5 4 3 2 1 0
| DATA9 : DATA8 : DATA7 : DATAG : DATAS : DATA4 : DATA3 : DATA2 | Read only

6 5 4 3 2 1 0
| aqe Dowqe Dowqe oaqu Doaqe Doaq éDATA9§DATA8| Read only

6 5 4 3 2 1 0
| DATA7 : DATAG : DATAS : DATA4 : DATA3 i DATA2 : DATA1 i DATAQ | Read only

P6 input/output control register

7 6 5 4 3 2 1 0
| : ! : g ! ! g | (Initial value's. 111177111)

P6CR P6 input control 0 ¢ input p9rt (AINDS =0) write
1 : analoginput only

P7 input/output control register

7 6 5 4 3 2 1 0

P7CR L.
(000D} | : : : : : : : | (Initial yalue :  000070000)
P7CR | P7inputioutput control 0: } See below write
1: only
ADCCR P7CR
ADMD16 AINDS 0 1
0 0 input'port outputport
1 0 input portexcept analog input output port except analog input
selected by SAIN selected by SAIN
0 1 input port output port
1 1 input port output port
Figure 2-45. A/D Convertéer Result Register and P6,P7 Input/Output Control Register
2.10.3 Operation

Apply analog reference valtage(to pins VAREF and VASS:

(1) Start of A/D conversion

First, select-one of/sixteen analog inputs-AIN17 t6 AIN10, AIN7 to AINO with the SAIN (bits 3to 0 in
ADCCR) and the ADMD16 (bit 7-in-ADCCR).~Clear the AINDS (bit 4 in ADCCR) to “0” and set the
corresponding P6CR bit to “1” foran.analog-input when AIN7 to AINO is selected.

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

A/D conversionyis started by setting the ADS (bit 6 in ADCCR) to “1”. The conversion is accomplished
in 46 machine cycles (184/fc [s], ACK = 0).

TheEOCFE (bit 7 in ADCCR) is'set'to “1” at the end of the conversion.

If the ADS (bit 6 in ADCCR) is-set-to,”1” during the conversion, the operation is initialized and the
conversion is started again.

Note” The pin that‘s not-uséd as an analog input can be used as regular input or output pins.
During conversion, do not perform output instruction to maintain a precision for all of the
pins.

(2) Reading of A/D conversion result

After the end of the conversion, read the conversion result from the ADCDR1 or the ADCDR2H,
ADCDR2L.

The EOCF is automatically cleared to “0” when reading the ADCDR1 or the ADCDR2H, ADCDR2L.
Reading the conversion result during A/D conversion, an unexpected value is given.
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(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 ADCDR1 or ADCDR2H, ADCDR2L contents become indefinite.
However, if the STOP mode is started after the end of conversion (EOCF=.1), the ADCDR1 or the
ADCDR2H, ADCDR2L contents are held.

ADS [ | [1_I1

ADCDRI X invalid X result  Xinvalid X invalid ) X__ result
or : : : : :
ADCDR2H, ADCDR2L §<—conversion time—»; /cgnversion time—»;
196/fc [s] i i : 196/fc)[3}
EOCF ] [ ] [ —
—o0——o0 o—o0 O
A A Aop A
ros r 5 s
e t e t i
a a a,~a a
dr d r r
t t t
Figure 2-46. A/D ConversionFiming Chart
Example:
5 AIN SELECT
LD (ADCCR), 00100100B ;  selécts conversiontime and AIN4
; A/D CONVERT START
LD (ADCCR)|, 01100100B ; ADS=1
SLOOP . TEST (ADCCR)\._ 7 ; EOCF=1?
JRS T/SLOOP,
; RESULT DATA READ
LD (9EH), (ADCDR2H)
LD (9DH), (ADCDR2L)
3FFy T —
3FEy -
Conversion 3 DR, -7
result 1
A e
03y + .
02H T /‘ <
oly T ==
< ] ] ] (¢ ] ] ] ]
1 1 T )] L L L L VAREF - VASS
0 1 2 3 1021 1022 1023 1024 X = om
Analog input voltage

Figure2-47. Analog Input Voltage vs A/D Conversion Result (typ.)
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2.1 8-bit High-speed PWM
The 87C841/CC41/CH41/CK41/CM41 have an internal 2-channel high-speed PWM. The 2-channel high-
speed PWM can generate different waves from a data register of each channel by writing data to the
register.
The 2-channel high-speed PWM are also used as a port P53 (HPWMO) and a port P54 (HPWMT). When
used as the hig-speed PWM pin, the output latch should be setto “1”.

2.11.1 Configuration

HPWMO HPWM1
f AY X1
C .
8-bit up-counter
2fc >|B || HPEO
.............................................................. 1
PWMST dditiénal pulse
: genération [ — : <:|
PWMCK : circuit ; X
: T [ HPWMO unit ]?[ HPWM1 unit ]?
HPE1 o e o R S U IR I
HPEO ¥ ]
T PWMMOD
| HPWMCR | | HPWMDRO | HPWMDR1 |
High-speed PWM control register Data register Data register

Figure 2-48. High-speed

2.11.2 Control

Control register
7 6 3 2 1 0
E)%VZVGMCR HPE1 i HPEO | PWNIST: PWMCK :  PWNMIMOD | Write only (initial value :  00** 0000)
H) L
00.: mode 0 (8bits)
. 01 mode\l (7bits)
PWMMOD | PWM | .
o mede selection 10 : mode.2 (6-bits)
M=
PWM source clock (X1) R {0
PWMCK i
¢ selection 1 :2fctonly mode 0) write
only
PWMST RUN/STOP of 8-bit up- 0:STOP
counter 1:RUN
HPEQ HPWMO output control 0: disable
1: enable
HPET HPWM1 output control 0: disable
1: enable
Data register
6 5 4 3 2 1 0
E)%%“:)DRO |DATA7§DATA5§DATA5§DATA4§DATA3§DATA2§DATA1 §DATAO| Writeonly (initial value : % xxxx)
6 5 4 3 2 1 0
E)%\évsl\:)Dm |DATA7§DATA5§DATAsiDATAAiDATAs§DATA2§DATA1 §DATAO| Writeonly (initial value: #xkx %xxx)

Figure 2-49. Registers of High-speed PWM
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2.11.3 Operation
The high-speed PWM is controlled by the control register (HPWMCR) and data register (HPWMRO, 1). To
write data to the above registers, set the PWMST (bit 3 in HPWMCR) to “1”, which is enable mode.
When the PWMST is clear to “0”, these registers are in reset mode, which sets up the high-speed PWM for
a software reset.

(1) Operation mode
The high-speed PWM has three operation modes.

® 8-bit mode : (T=28xclockcycle fx=32kHz, f=*64kHz)
®7-bit mode : (T=27xclockcycle f=64kHz)
®6-bit mode : (T=26xclockcycle f=128kHz)

Note : * indicates the value when the source clock (X1) operates.at 16-MHz (at 2fc : fc=8 MHz).

Operation mode is set by the PWMMOD (bit 0, 1 in HPWMCR){ Operation mode applies commonly to all
channels. Two modes cannot be used at any given time.
@® 8-bitmode
8-bit mode generates a pulse with 16.0 s cycle at a frequency of approximately 64-kHz (X1=16
MHz).
| i |
I 1 1

«——data register value X 62.5 ns —>| [«——data register value X 62.5 ns —>

: 16.0 us

16.0 us

7 0

| AN N |Dataregister

\ J
V7

8-bitdata

The minimum pulse width is 625 ns (data “1"”) and the maximum pulse width is 15.0 xs (data “F0").
Pulse width = 8-bit datax62.5ns
A wave cycle example is shown'the figure 2-50. (Thevalue is Wwhen X1 =16 MHz)

A 16.0 s : 1600 ys ————>1
Data 1 | 1
L %] % —]
1 <625 ns > | 62:5 ns»|
] I I_
T —— %] ——%—]
? 125ns 125ns
L ! T
G —%— —$—
FO 15.0 s 15.0 s
% % —
! ! !
Figure 2-50. 8-bit mode
@ 7-bitmode
7-bit mode generates-a pulse with 16.0 us cycle at a frequency of approximately 64 kHz (X1=8
MHz).
i 4— lower1-bitdatax62.5 ns——~ i
[~€—upper 7-bit data 125 ns > i <& upper 7-bit data x 125 ns » i
! 16.0 s 16.0 s
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7-bit mode has 7 bits for a cycle (27 x 125 ns/cycle) and 1 bit for a 62.5 ns resolution (1/2 cycle of source
clock (X1)).

When the lower 1 bitis “1”, the additional 62.5 ns pulse is output.

The minimum pulse width is 62.5 ns (data “1"” ) and the maximum pulse width'is 15.0625 us (data “F1").

7 0
| o | Data register
- v Ayt

upper 7 bits  lower 1 bits

Pulse width = (Upper 7-bit data x 125 ns) + (Lower 1-bit data x 62.5 ns)
A wave cycle example is shown the figure 2-51. (The value is when Xt=8 MHz)

i?s— 16.0 us 56 - 16.0 s —— >l
Data 1 ns | ns 1
0 $— o
wyn
1 1 I_
e — % —] — %]
_2 <125 ns > <125 ns >
G —%— —$%—
F1 <——15.0625 s —> <«—15.0625 15 ~—>
% % H—
: : \
Figure-2-51.~7-bit modé
@ 6-bit mode
6-bit mode generates a pulse with 8.0 \us cycle at a frequency/of approximately 128 kHz (X1=38
MHz).

, changes according to .
H r";the lower 2<bitvalue~ = !

R " —] m —%
upper 6-bit data x125 ns upper b-bitdata X125 ns i

[Ipp——

! 8.0.us 8.0 us

6-bit mode has 6-bits for a cycle (26 x 125 ns/cycle) and 2 bits for a 31.25 ns resolution. Although the
actual resolution every ether cyclé\is 62.5-ns,"a 3125 ns resolution is simulated in the following way :
The first cycle outputs a 62.5 ns pulse; which is averaged with the second cycle of Ons. This pattern
alternates ¢gntinually and averages to a 3125 ns (data “1" ) and the maximum equivalent pulse width
is 7.625 us/(data “F3").

7 0
| | Data register
1 1 I 1 1 1 1

— A
upper 6 bits lower 2 bits

Rulse width = (uppér 6-bitdata x 125 ns) + (*lower 2-bit data)
*Equivalent time added for lower 2-bit data is shown below.

2-bit data Equivalent time added
0 0 0 ns
0 1 31.25 ns
1 0 625 ns
1 1 93.75 ns
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A wave cycle example is shown the figure 2-52. (The value is when X1 =8 MHz.)

j«——— 8.0 s ; 8.0 us | 8.0 us !
Data ' i i i
wqn " |625ns R ! 562515 $5—
i L
1 1 1 1
i i i i
oy “le25ns 6250 85T 62.5n¢ R
1 1 1 I_
— S — -+ 5 —
3 <—125 ns > 23 <—125.rs >
1 1 1 I_
1 1 ] 1
I S — 5= 5 —
4 <—125 ns > <— 125 ns > <<~ 125 ns >
I — S — A —L55—
F3 «——7.625 ps —> «——7.625 ps ——> «—=7:625 ps——>
. ss . $ . % o
1 1 1 1

Figure 2-52_" 6-bitmode

(2) Output data setting
Output data is set by writing to data registers (HPWMDRO, 1).
Example: To output 11.25 us wave with HRWIMO in 7-bit modewith aselrce clock (X1) =8 MHz:

«— 11.5 us —>

16.0 us

When the resolution in/7-bit’'mode is 62.5 ns, a/115us pulse is output by setting the following to
HPWMDRO.
11.5 us #62.5 ns = 184=B8H
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INPUT/OUTPUT CIRCUITRY

(1) Control pins
The input/output circuitries of the 87C841/CC41/CH41/CK41/CM41 control pins-are shown below, any
one of the circuitries can be chosen by a code (NM1 or NM2) as a mask option.

CONTROLPIN /0 INPUT/OUTPUT CIRCUITRY and CODE REMARKS
. | . .
Osc. enable _)tD"_» fe Resonator connecting pins
A igh-
VDD (high-frequency)
XIN Input VDD Re Ro Ri =12MQ  (typ.)
XOUT Output | Ro =1.5kQ (typ.)
D R =1kQ {typ.)
XIN XOUT
NM1 NM2
XTEN Resonator.cofhnegting pins
Osc. enable —&* fs (low-frequency)
Refer
XTIN (P21) Input to = { Ri \=6MQ (typ.)
v VD
XTOUT (P22) Output port P2 R¢ R Ro/ =220kQ (typ.)
0 R/ =1kQ (typ.)
XTIN XTOUT
VDD Sink open drain output
%RIN % Hysteresis input
_ R
RESET Vo Address-trap-reset _)I_r\ @—'W\' D Pull-up resistor
Watchdog-timer-reset_),_L/ | RIN=220kQ  (typ.)
System-clock=reset
R=1kQ (typ.)
I R Hysteresis input
STOP/INTS Input
(P20) A
P29 N R=1kQ (typ)
STOP/INTS ’@,
VDD
% Pull-down resistor
R Ry =70k .
TEST Ihput <W\— ] N=70ka - (typ)
Rin R=1kQ (typ-)
Note 1: ~ The 87PM41 does not have a pull-down resistor for TEST pin. Be sure to fix the TEST pin to low.
Note2:  Theinputioutput circuitries of the 87PMA41 are the code NMT1 type.
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(2) Input/Output Ports
The input/output circuitries of the 87C841/CC41/CH41/CK41/CM41 input/output ports are shown
below.
PORT /0 INPUT/ QUTPUT CIRCUITRY and CODE REMARKS
initial "Hi-2" VDD
PO _| Jri-state 1/0
P6 o)
P7 R
1 R =1kQ (typ?)
~J
initial “Hi-Z" VDD
_I Tri-state 1/O
Hysteresis input
P1 /0
disable < R
@ R=1 k& (typ.)
P20, P37~30 P21.P22 Sink-open drain output
initial “Hi-z" initial “Hi-2" vDD
P2 High current output only P3
b3 1’0
R R
]
< <
initial “Hi-z" Sink open drain output
P4 So |
I]e} Hysteresis input
@I R=1kQ (typ.)
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ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS (Vss=0V)
PARAMETER SYMBOL PINS RATINGS UNIT
Supply Voltage Vpp -03t06.5 \Y
Input Voltage VN +0.3toVpp+0.3 \Y
Output Voltage Vouri -0.3toVpp+0.3 \
louT1 Ports PO, P1, P2, P4, P5, P6, P7 3.2
Output Current (Per 1 pin) mA
louT2 Port P3 30
3 loyrtt |PortsPO, P1, P2, P4, P5, P6, P7 120
Output Current (Total) mA
3 loyt2 |PortP3 120
TMP87C841N/CCA1N/CHATN/CKA1N/CMA 1IN 600
Power Dissipation [Topr=70°C] |4 J i A e N i mwW
TMP87C841F/CC4 TF/CHATF/CKA1F/ICMATF/Y 350
Soldering Temperature (time) Tsld 260(105s) °C
Storage Temperature Tstg -55t0 125 °C
Operating Temperature Topr -40t0 85 °C

RECOMMENDED OPERATING CONDITIONS [ (Vss=0V, Topr=~40to 85 °C)
PARAMETER SYMBOL PINS CONDIJTIONS Min. Max. UNIT
b Lofnide\LNORMAL1, 2 mode 45
IDLE1, 2 mode
foo NORMAL1, 2 mode
Supply Voltage Vpp 4.2MHz [ IDLE1, 2 mode 27 5.5 v
5= SLOW mode ’
32.768 kHz | SLEEP mode
STOP mode 2.0
Vin Except hysteresis input Vpp % 0.70
\ VppZ4.5V
Input High Vloltage ViH2 | Hysteresisinput Vpp x0.75 Vbp v
Ving Vpp<4.5V Vpp % 0.90
ViLt )| Except hysteresis input Vpp % 0.30
VppZ 4.5V
Input Low Voltage Viiz | Hysteresis input 0 Vpp % 0.25 Y,
Vis Vpp<4.5V Vpp x0.10
Vpp=4.5t05.5V 8.0
fc XIN, XOUT 0.4 MHz
Clock Frequency Vpp=2.7t05.5V 4.2
fs XTIN, XTOUT 30.0 34.0 kHz
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TOSHIBA

TMP87C841/C41/H41/K41/M41

D.C. CHARACTERISTICS (Vss=0V, Topr= -40to 85°C)
PARAMETER SYMBOL PINS CONDITIONS Min. | Typ. | Max. | UNIT
Hysteresis Voltage Vhs Hysteresis inputs = 0.9 - \Y
w1 | TEST
Open drain ports, Vpp=5.5V
Input Current N2 | Tristate ports Vin=5.5V/0V - - 12 | LA
Iz | RESET, STOP
Input Low Current m Push pull ports Vpp=5.5V,V|Ny=0.4V - - -2 mA
Input Resistance Rin2 | RESET 90 220 510 kQ
Output Leakage | Sink opendrain ports |Vpp=5.5V,Voyr=5.5V - - 2 A
Current Y I1ri-state ports Voo = 5.5V, Vour = 5.5/0V - Z 2 | ©
Output High Voltage Vo | Tri-state ports Vpp=4.5V, loy= - 0.7ZmA 4.1 - = Vv
Output Low Voltage VoL Except XOUTandP3 [Vpp=4.5V, g =16 MA - - 0.4 mA
Output Low current loLs P3 Vpp=4.5V, Vg =10V + 20 - mA
| i 87C841/CC41/CHA1 - 8 14
NGRVIAL 1. 2 modes Voo=55Y mA
. Vin=5.3 V[/ 022V [\87CK41/CM41 = 10 16
Supply Currentin ;C = gz'\’%; iy |B7C8AN/CCA/CHA] - 4 6 N
= m
IDLE 1, 2 modes $=37 2| 87cKa1/cman 3 4.5 6
Supply Currentin | VK5 =3.0V
SLOW mode eo PR - 30 60 | wA
Vin=2.8V10.2V
Supply Currentin 5=32.768 kHz
SLEEP mode : - B30 | A
Supply Currentin Vpp=5.5V
- 0.5 20 A
STOP mode Vn=5.3V/0.2V #
Note 1:  Typical values show those at Topr =25°C, Vpp/'=5V.
Note2:  InputCurrentliyg liyz3,; The cuprentthrough resistor is not included, when the input resistor (pull-upor pull-down)
is contained.
Note3:  IDD except Iggr.

A/D CONVERSION CHARACTERISTICS (Topr="<4010 85 °C)
Max.
PARAMETER SYMBOL CONDITIONS Min. Typ. ADCDR1 ADCDR2 UNIT
ACK=0 | ACK=1
VAREF 2.7 - VDD
Analog Reference Voltage VAREr ~Vass= 2.5V \Y
Vass Vss - 1.5
Analog InputVoltage YAIN Vass - VAREF \Y
V. =55V
AnalogSupply Cufrent IKEé Vﬁ??: 0?05\/ ! - 0.5 1.0 mA
Nonlinearity Error Vpp=5.0,Vss=0.0V — - +1 +3 +2
VAREF =5.000V
Zero Point Error Vass=0.000V — — 1 +3 +2
or LSB
Full Scale Error Vpp=2.7,Vss=0.0V - — +1 +3 +2
VaRrer = 2.700 V
Total Error Vass=0.000V — — +2 +6 +4
Note1:  AVaper=Varer - Vass
Note2:  ADCDRI1; 8bit — A/D conversion result (1LSB = AV pger! 256)
ADCDR?2 ; 10 bit - A/D conversion result (1LSB = AV pger! 1024)
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A.C. CHARACTERISTICS (Vss=0V, Vpp=2.7/4.5t05.5V, Topr= —40to 85°C)
PARAMETER SYMBOL CONDITIONS Min. Typ. Max. UNIT
In NORMAL1, 2 modes
0.5 = 10
InIDLE1, 2 modes
Machine Cycle Time tey 7
In SLOW mode
117:6 - 133.3
In SLEEP mode
High Level Clock Pulse Width tweH | For external clock operation
. 62.5 - N ns
Low Level Clock Pulse Width twee | KINinput), fc=8MHz
High Level Clock Pulse Width tWsH | For external clock operatiop
14.7 - - S
Low Level Clock Pulse Width | tws. | (XTINinput), fs=32.768 kHz #

RECOMMENDED OSCILLATING CONDITIONS | (vs3=0V, Vp5=2.7/4.5t05.5V, Topr = - 40 to 85 °C)

Oscillatién Recommended Constant
PARAMETER Oscillator Recommended Oscilator
Frequéncy. Cq G,
8NHz KYOCERA  KBR8:.0M
Ceramic Resonator 30 pF 30 pF
High-frequency KYOCERA KBR4.0MS
Oscillation 4 MHz
MURATA CSA4.00MG
8 MHz TOYOCOM 210B 8.0000
CrystalOscillator 20 pF 20 pF
4 MHz TOYOCOM 204B 4.0000
Low-frequency
A Crystal Oscillator 32.768 kHz NDK MX-38T 15 pF 15 pF
Oscillation
XTIN XTOUT

(1) High-frequency Oscillation (2) Low-frequency Oscillation

Note: When itisused in high electrical field, an electrical shield of the package is
recommended to retain normal operations.
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