TOSHIBA

TMP87C814/H14/K14/M14

CMOS 8-BIT MICROCONTROLLER

TMP87C814N/F, TMP87CH14N/F, TMP87CK14N/F, TMP87CM14N/F

The 87C814/H14/K14/M14 are the high speed and high performance 8-bit single chip microcomputers. These
MCU contain 8-bit A/D conversion inputs and a VFT (Vacuum Fluorescent Tube) driver on a chip.

PART No. ROM RAM PACKAGE OTP MCU
TMP87C814N/F 8K x 8-bit 512 x 8-bit SDIP64-P-750-1.78
--------------------------- x 8-bi -P-750-1.
TMP87CH14N/F 16K -bi
B T T T AT Y TMPSTPTaNF
--------------------- X1 1024x8-bit | QFP64-P-1420-1.00A
T\VIP87CM 14N/F 32K x 8-bit

FEATURES
@ 8-bit single chip microcomputer TLCS-870 Series
@ nstruction execution time : 0.5 us (at 8 MHz), 122 us (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)
@ 13 interrupt sources (External : 5, Internal: 8)
® All sources have independent latches each,
and nested interrupt control is available.
® 3 edge-selectable external interruptswith noise reject
® High-speed task switching by register bank changeover
€ 8 Input/Output ports (55 pins)
® Input/Output: 8 ports (55 pins)
@ 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, PWM output, Programmable divider output
modes
& Time Base Timer (Interrupt frequency : 1 Hzto 16 kHz)
@ Divider output function (frequency : 1kHzto 8 kHz)
@ Watchdog Timer
® Interrupt source/reset output (programmable)
@ 8-bit Serial Interface : 1 channel
® With 8 bytes transmit/receive data buffer
® Internal/external serial clock, and 4/8-bit mode
@ 8-bit successive approximate type A/D converter with sample and
hold
® 8 analog inputs
® Conversion time : 23 us at 8 MHz
@ D/A conversion (Pulse Width Modulation) output
® 14-bit resolution (1 channel)
@ Vacuum Fluorescent Tube Driver (automatic display)
® High breakdown voltage ports (max. 40V x 24 bits)
@ Dual clock operation
® Single/Dual-clock mode (option)
@ Five Power saving operating modes
® STOP mode : Oscillation stops. Battery/Capacitor back-up. Port
output hold/High-impedance.

SDIP64-P-750-1.78

QFP64-P-1420-1.00A

TMP87C814N
TMP87CH14N
TMP87CK14N
TMP87CM 14N
TMP87PM 14N

TMP87C814F
TMP87CH14F
TMP87CK14F
TMP87CM 14F
TMP87PM14F

® SLOW mode: Low power consumption operation using

low-frequency clock (32.768 kHz).
® |IDLE1 mode : CPU stops, and Peripherals operate using high-frequency clock. Release by interrupts.
® IDLE2 mode : CPU stops, and Peripherals operate using high-and low-frequency clock. Release by

interrupts.
® SLEEP mode:

@ Wide operating voltage : 2.7 to 5.5V at 32.768 kHz, 4.5 to 5.5V at 8 MHz / 32.768 kHz

@ Emulation Pod : BM87CM14NOA

CPU stops, and Peripherals operate using low-frequency clock. Release by interrupts.
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PIN ASSIGNMENTS

(TOP VIEW)

(1) SDIP64-P-750-1.7

8

(2) QFP64-P-1420-1.00A

(G15) P50 =€ [] 1 ~ 64 [] «—VDD
(G14) P51 <> [ 2 63 [1 <—VAREF
{G13)P52 ~>[] 3 62 1 ~—VASS
(G12)P53 - [] 4 61 {1 ~> P67 (AIN7)
G11) P54 <> [ 5 60 [] ~e> P66 (AING)
{G10) P55 =e> [] 6 59 {1 => PGS (AINS)
(G9) P56 -> [ 7 58 [ =€ P64 (AIN4)
(GB) P57 == T] 8 57 {1 <€ P63 (AIN3)
(67/50) P70 ~> [ 9 56 [ <o P2 (AIN2)
(G6/S1) P71 =~ [] 10 55 [1 <> P61 (AINT) X o 10 (RT0)
(G5/52) P72 =[] 11 54 {1 <> P60 (AINO) Eﬁ:r\:: ::L <—>:§ PZZtXTOU”
(G4/S3) P73 - [ 12 53 [1 = P07 (Am; SR iy P21 (XTINY
(G3/50) P74 <> [] 13 52 {1 ~> P06 (AINT) P67 ~<=TTTis5 RESET
(G2/55) P75 ~> [] 14 51 {1 - P05 ¢ VASS —>1 XouT
(G1/56) P76 <> [ 15 50 {1 <> P04 vaREE —>[TIT57 XIN
(GO/S7) P77 <> [] 16 49 {] ~»PQ3 vop —>IT58 vss
(38) P80 =e> [ 17 48 {1 ~=> P02 (G15) P50 ~—>C=TT59 TEST
(59)P81 == [] 18 47 {1 > P01 (G12)p51 <>CTTf60 P20 (INT5/5TOF)
(510) P82 &> ] 19 46 [1 = P00 (G13)p52 = >TITi61 P33(PRIWT4/PWIIB/FDO/TCA)
(511) P83 = [ 20 45 1 ->=p17 (G12)p53 <> TILj62 P32(50)
(512) P84 <> [] 21 44 [] <> P16 (G11)p54 <>TITI63 PIT(SH
(513) P85 > [ 22 23 1 ~> P15 (1C2) (G10) P55 <> LI{64 .o P30 (5CK)
(INT3/514) P86 - [] 23 42 {1 <> P14 (PFG) s = =2
(DVOb/S15) P87 = [] 24 41j<—>v135v'0_a) ﬂﬁﬁﬁ HHHHHHHHH
VKK —>» [] 25 40 {1 =» P12 (INT2/TC1)
(5CK) P30 - [ 26 39 [1 <> P11{INT1) ¢¢M ii“tii“
(P31 = [] 27 38 [J <> P10 (INT0)
(50) P32 =e» [] 28 27 [1 = P22 (XTOUT) S ERR i) Jagd
(PWNITA/PWIIB/PDOTCA) P33 > [ 29 36 {1 = P21 (XTIN) soessaae s cosrree>
(INTSRTOP) P20 ~> [] 30 35 {J = RESET S Ban aaoconin
TEST— [] 31 34 ] — XOUT TTNe TTeenegy
vss —» [ 32 33 [J ~—XiN 2g 08
Zs
BLOCK DIAGRAM /0 port
A
4 N\
P77 P57 P87
to to to
P70 P50 P80
e << o < b
L N\
[voo—> ps|  [es |
Power Supply \ g5 15 T T ~
VFT Poewr VKK ——>| VFT driver circuit (automatic display) |
e I T o T 0
[
17 1I 1T I 1I
P S W | Stack Pointer | Data Memory Program Counter
L \
(RAM)
ALU Flags | RBS I—, _______________ iy
| | * | . Program
Register banks Memory(ROM)
Reset I/0 RESET Y
System Controller [ N
Test Pin TEST
|«
Interrupt Controller Tnst
—>  Standby Controller st.
1 T T T 1 1 Register
. - - K K Inst.
Timing Generator P> Time Base 16-bit 8-bit Serial Decoder
High Timer Timer/Counters | | Timer/Counters Interfaces
Resonator { XIN ] | - I 2
Connectiong \ XOUT frequ Clock < _ \TC TC3/ \TC4 j
Pins Low Generator Watchdog r F
G frequ Timer
~ - N - N -
[
P2 %’[I)t p1 pP3 14-bit PWM
Converter \_: T PWM 14
N | —
~— ]
L ~ ~
P22 VAREF P67 (AIN7) PO7 P17 P33
to  VASS to to to to
P20 \PGO (AINO) POO P10 P30 J
Y
1/0 Ports
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PIN FUNCTION

PIN NAME Input/ Output FUNCTION
P07 to P00 /0 Two 8-bit programmable input/output
ports (tri-state).
P17, P16 110
P15 (TC2) /0 (Input) Eachl bit of these !:)orts can be individually Timer/Counter 2 input
........................................................... conflgured as an |nput or an output UNAEE e
P14 (PPG) I/0 (Output) | software control. Programmable pulse generator output
........................................................... During reset, all bits are configured as
P13 (DVOa) I/0 (Output) |. Divider output a
........................................................... Inputs.
When used as a divider output, the latch External interrupt input 2 or
P12 (INT2/TC1 VO (input)
....... NT2/TED must be setto “1". Timer/Counter tinput
P11 (INT1) External interrupt input 1
P10 (INTO) External interrupt input 0
P22 (XTOUT) /0 (Output) | 3-bitinput/output port with latch. Resonator connecting pins (32.768 kHz).
"""""""""""""""""""""""""""""""" For inputting external clock, XTIN is used
PRLOTN VO UnPu) | When used as an input port, the latch must andXTOUTisopened. ..
besetto “1”. External interrupt input 5 or STOP mode
P20 (INT5/STOP) . .
release signal input
P33 (PWIT4/ PWIVE or B bit programmable divider outpus
AR 170 (170 -biti i i
....... /poosTea) | VOWO) | abitinputioutput port with latch. orTimer/Counterdinput .
P32(SO) 1/0 (Output) | When used as an input port, a SIO SIO serial data Output
........................................................... input/output, a timer/counter input, or an I
P31(SI) ........................... I/O(Input) ..... interrupt input, the latch must be set to SIOserladata Inpm ...................................
P30 (5CK) 1/0 (1/0) " SIO serial clock input/output
8-bit high breakdown voltage
linput/output ports with the latch. When L
P57 (G8) to P50(G15) | 1/O (Output) | ysed asa VFT driver output, the latch must VFT digit driver outputs
be cleared to”0".
8-bit programmable input/output port (tri-
P67 (AIN7) state).Each bit of the port can be )
to P60 (AINO) /0 (Input) individually configured asan inputoran | A/D converter analog inputs
output under software control.
Two 8-bit high breakdown voltage output
P77 (S7/G0) /0 (Output) ports with the latch. o )
to P70 (S0/G7) utp When used as a VFT driver output, the VFT digit/segment driver outputs
latch must be cleared to "0”.
Divider out putb or
P87(DVOb/S15) | VO (Output) | | Two 8-bit high breakdown voltage output | VFT segmentdriveroutput
ports with the latch. External interrupt input 3 or
P86 (INT3/514) I/0 (1/0) When used as a VFT driver output, the VFT segment driver output

latch must be cleared to “0”.

P85 (S13) to P80 (S8) 1/0 (Output) VFT segment output
Resonator connecting pins for high-frequency clock.
XIN, XOUT Input, Output For inputting external clock, XIN is used and XOUT is opened.
Reset signal input or wachdog timer output/address-trap-reset output/system-clock-
RESET /0
reset putput.
TEST Input Test pin for out-going test. Be tied to low
VDD, VSS +5V, 0V (GND)
VKK Power Supply | VFT driver power supply
VAREF, VASS Analog reference voltage inputs (High, Low)
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TOSHIBA TMP87C814/H14/K14/M14

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 87C814/H14/K14/M14. 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.
- [ 0000}, 0000} 00004 00004
8825 64 bytes 8825 64 bytes 063F 64 bytes 063F 64 bytes
: : 00;40 0940 Register banks
: 128 bytes : 128 bytes : 128 bytes : 128 bytes (8 registers x 16 banks)
Q0BF [..........c..... QOBF ..o (010):1 3 SO QOBF f..........o.....
00C0 00C0 00C0 00C0
RAM : : : Note :
896 bytes 896 bytes : 384 bytes : 384 bytes ROM,  Read Only Memory includes -
y : Program memory
: 02:3F : 0?3F5 { RAM;  Random Access Memory includes :
: : N Lo Data memory
043F | | 043F : , : : Stack
HE st D T~ 4 A~ el A ~
HERe g ™~ v o™ ~ ™ ~ General-purpose register banks
r 0F80 0F80 OF80 0F_80 SFR; Special Function Register includes :
I/0 ports
DBR 128 bytes | : 128bytes | i | 128bytes | : | 128bytes Peripheral control registers
Peripheral status registers
OFFF OFFF OFFF OFFF System control registers
o= -~ o~ i~ ~ =~ -~ Interrupt control registers
8000 T R o Program Status Word
: A000 CO00 | i ! DBR;  DataBuffer Register includes :
: : : P ; SIO data buffer
i 32512 bytes . | ~~ L 3 o .
T e 724320 bytes+ 16128 bytes ,E?00‘|v7936 bytes L VFT display data buffer
FEOO .................... FEOO .................... FEOO .................... FF:OO
ROM : : L
i P 192bytes =2 1 ST 192bytes = 1 T 192bytes == | T 192 bytes -
FFBF [ FFBF [ S T 11
FFCO FFCO EE%E FFCO jVectortable forvectorcall | [
FEDF .32bytes | FEDF 32bytes | pppp| 32byvtes | pppp | 32bYIeS | Jinstructions t6vectorsy | 7 ¥
FFEO FFEO j Vector table for interrupts/| )
FFFF | 32bytes FFFF | 32bytes EEFE 32bytes | Lop | 32bytes reset (16 vectors) instructions
87CM 14 87CK14 87CH14 87C814

Figure 1-1. Memory Address Maps
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TOSHIBA TMP87C814/H14/K14/M14

1.2 Program Memory (ROM)
The 87C814 has a 8K x 8-bit (addresses E0004-FFFFR), the 87CH14 has a 16K x 8-bit (addresses CO00y-
FFFFy), the 87CK14 has a 24K x 8-bit (addresses AO00H-FFFFR), and the 87CM 14 has a 32K x 8-bit (address
8000y-FFFFy) of program memory (mask programmed ROM).
Addresses FFOOH-FFFFH in the program memory can also be used for special purposes.

(1) Interrupt/Reset vector table (addresses FFEQy-FFFFR)
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-FFDFR)
This table stores call vectors (subroutine entry address, 2 bytes/vector) for the vector call instructions
[CALLV n]. There are 16 vectors. The CALLV instruction increases memory efficiency when utilized
for frequently used subroutine calls (called from 3 or more locations).

(3) Entry area (addresses FFOOH-FFFF) for page call instructions
This is the subroutine entry address area for the page call instructions [CALLP n]. Addresses FFOO-
FFBFy are normally used because address FFCOy-FFFF are used for the vector tables.

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 contents of the program counter (PC). There are relative jump
and absolute jump instructions. The concepts of page or bank boundaries are not used in the program

memory concerning any jump instruction.

Address ROM
Example: The relationship between the soooH contents
jump instructions and the PC. E’éggo})

Example : Therelationship
: between ROM Contents
FFOO and Call group
: instructions/Interrupt/

® 5-bit PC-relative jump [JRS c¢, $ +2 +d]
E8C4H: JRS T, $+2+08H
When JF = 1, the jump is made to ES8CEy,

which is 08y added to the contents of the Reset

PC. (The PC contains the address of the ey T

instruction being executed+2; | FF/B | CALLP 7BH ; PCe<FF7By

therefore, in this case, the PC contents | rrgF

are E8C4H + 2 =E8C6H.) FFCO | call vector (L) | 56 CALLV OH ; PCe« C856y
FFC1 call vector (H) (@]

@ 8-bit PC-relative jump [JR cc,$ +2 +d] FFC2
E8C4H: JR Z, $+2+80H 5
When ZF =1, the jump is made to E846y, :
which is FF80y (-128) added to the | FFDF

current contents of the PC. FFEO |interrupt vector (L) | 68  INT5 ; PCe D368y
FFE1 [interruptvector (H)| D3
@ 16-bit absolute jump [JP  a] FFE2

E8C4H : JP 0C235H :
An unconditional jump is made to | FFFD
address C2354. The absolute jump | FFFE | resetvector(l) |3E RESET i PCeCO3E,
instruction can jump anywhere within | FFFF | resetvector(H) |CO

the entire 64K-byte space.
I yiesp 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) 1) 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-direction jump processing can easily be programmed.
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Example 1 : Loadsthe ROM contents at the address specified by the HL register pair
contents into the accumulator (87CK14 : HL= A000,):
LD A, (HL) ; A<ROM (HL)

Example 2 : Converts BCD to 7-segment code (common anode LED). When A = 054, 92y 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 0COH, OF9H, 0A4H, OBOH, 99H, 92H, 82H, 0D8H, 80H, 98H

SNEXT :
Notes:  “$”isa header address of ADD instruction.

DB is a byte data difinition instruction.

Example 3 : N-way multiple jump in accordance with the contents of
accumulator (0= A=3):
SHLC A ; if A=00y then PCeC234y
P (PC+A) if A=01y then PCeC378,

if A=02y then PC<DA37,
if A=03y then PC—E1BOy
DW 0C234H, 0C378H, ODA37H, OE1BOH
| Note : DW is a word data definition instruction. |

1.3 Program Counter (PC)

The program counter (PC) is a 16-bit register which indicates the program memory address where the
instruction to be executed next is stored. After reset, the user defined reset vector stored in the vector
table (addresses FFFFy and FFFEY) is loaded into the PC ; therefore, program execution is possible from
any desired address. For example, when COy and 3Ey are stored at addresses FFFFy and FFFER,
respectively, the execution starts from address CO3Ey after reset.

The TLCS-870 Series utilizes pipelined processing (instruction pre-fetch); therefore, the PC always
indicates 2 addresses in advance. For example, while a 1-byte instruction stored at address C1234 is being
executed, the PC contains C1254.

MSB LSB
+ + +
1514131211109 8 7 6 5 4 3 2 1 0 PC Contents :X a X a+1 X a+2 X a+3 X

Program Counter (PC)
PCy | PC, 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

1.4 Data Memory (RAM)
The 87C814/H14 have a 512 x 8-bits (addresses 0040y to 023Fy), and the 87CK14/CM14 have a 1K x 8bit
(address 00404 to 043F) of data memory (static RAM). Figure 1-4 shows the data memory map.
Addresses 00004-00FFy are used as a direct addressing area to enhance instructions which utilize this
addressing mode; therefore, addresses 00404-00FFy 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 00404-00BFy. Access as data memory is still possible even when being used for registers. For
example, when the contents of the data memory at address 0040y is read out, the contents of the
accumulator in the bank 0 are also read out. The stack can be located anywhere within the data memory
except the register bank area. The stack depth is limited only by the free data memory size. For more
details on the stack, see section ”1.7 Stack and Stack Pointer”.
The 87C814/H14/K14/M14 cannot execute programs placed in the data memory. When the program
counter indicates a data memory address, a bus error occurs and an address-trap-reset applies. The RESET
pin goes low during the address-trap-reset.
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Example 1 If bit 2 at data memory address 00C0y is “1”, 00y is written to data memory at
address 00E3H; otherwise, FFy is written to the data memory at address 00E3n:
TEST (00COH).2 ; if (00COy) > =0thenjump
JRS T,SZERO
CLR (00E3H) ; (00E3y) « 004
JRS T,SNEXT
SZERO: LD (00E3H), OFFH ; (00E3y) « FFy
SNEXT :
Example 2 Increments the contents of data memory at address 00F5, and clears to 00y when
104 is exceeded:
INC (O0F5H) ; (OOF5,) « (0OF5y) + 1
AND (00F5H), OFH ; (OOF5y) « (O0F53) 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 clear RAM at the current bank addresses.

Example1
LD
LD
LD
SRAMCLR : LD
DEC
JRS

Example2
LD
LD
LD
SRAMCLR : LD
DEC
JRS

Clears RAM to “004" except the bank 0: (87C814/CH14)

HL, 0048H ; Setsstart address to HL register pair
A, H ; Setsinitial data (00y) to A register

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

BC

F, SRAMCLR

Clears RAM to “004" except the bank 0: (87CK14/CM14)

HL, 0048H ; Setsstart address to HL register pair
A, H ; Setsinitial data (00y) to A register

BC, 03F7H ; Sets number of byte to BC register pair
(HL+), A

BC

F, SRAMCLR
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Address
0040y

0050
0060
0070
0080
0090
00A0
00BO
00Co
00DO0
00EO
00FO0
0100
0110
0120
0130

0140

0230
0240

0250

0420

0430

0

1

2 3 4 5

6

7 8 9 A B C D

Register bank 0

_Register bank 1

Direct addressing area

Note : The 87C814/H14
does not have this
area (0240y-043Fy)
of RAM.

Figure 1-4. Data Memory Map
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1.5 General-purpose Register Banks
The general-purpose registers are mapped into addresses 00404-00BFy 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.

’_I:

—! bank 15 (00B8~00BFy)
— bank 14 (00B0O~00B7y) Exa?vp'e : Bank 0

—! bank 13 (00A8~00AF) 0041, (ooﬁoH)

w i A bank 12 (00A0~00A7) |99 LI
""" 5 . oc : (0043,) (0042,
------------- —! bank 4 (0060~0067}) D

D : E L | bank 3 (0058~005Fy) (0045y) : (0044y)
------------- foeenn| - bank 2 (0050~0057}) H oL

H | L | bank1 (0048~004Fy) (0047y,) : (0046,)

bank 0 (0040~0047y)

(a) Configuration (b) Address assignments of registers
Figure 1-5. General-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 as a general-purpose register, the register also has the following
functions:

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

Examples: @ ADD A, B , Adds B contents to A contents and stores the result into A.
@ SUB WA, 1234H ; Subtracts 12344 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 digit data processing, software LIFO (last-in first-out) processing, etc.

Example1: @ LD A, (HD) ; Loadsthe memory contents at the address specified by HL into 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+Q) ; Loadsthe memory contents at the address specified by the value
obtained by adding the register C contents to HL contents into A.

@ LD A, (HL+) ; Loads the 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, n ; Sets (number of bytes to transfer) — 1 to B
LD HL, DSTA ; Setsdestination address to HL
LD DE, SRCA ; Setssource address to DE
SLOOP: LD (HL), (DE) ;. (HL) «(DE)
INC HL
INC DE
DEC B

JRS F, SLOOP

(3) B,C,BC
Registers B and C can be used as 8-bit buffers or counters, and the BC register pair can 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 divisor register for the division instruction [DIV gg,

Cl.
Example 1 : Repeat processing
LD B, n ; Sets nasthe number of repetitions to 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
quotientin A and the remainderinW.

The general-purpose register banks are selected by the 4-bit register bank selector (RBS). During reset,
the RBS is initialized to “0”. The bank selected by the RBS is called the current bank.

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

Example 1 : Incrementing the RBS
INC (003FH) ; RBS«RBS + 1

Example2 : Readingthe RBS
LD A, (003FH) ; A ePSW (Az.g < RBS, A7 gFlags)

Highly efficient programming and high-speed task switching are possible by using bank changeover to
save registers during interrupt 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 [RETI]/[RETN] ; therefore,
there is no need for the RBS save/restore software processing.

The TLCS-870 Series supports a maximum of 15 interrupt sources. One bank is assigned to the main
program, and one bank can be assigned to each 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 003Fy 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 specified by the instruction
is made without writing data to the flags. For example, when the instruction [LD (003FH), 05H] is
executed, “5"” is written to the RBS and the JFissetto 1", but the other flags are not affected.
[PUSH PSW] and [POP PSW] are the PSW access instructions.

1.6.1 Register Bank Selector (RBS)

. . . . 7 5 4 21
The register bank selector (RBS) is a 4-bit register used to o 3 - 2

select general-purpose register banks. For example, JF ZF CF HF " RBS
when 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 carry flag, a half carry flag and a jump status
flag. The flags are set or cleared under conditions specified by the instruction. These flags except the
half carry flag are used as jump condition “cc” for conditional jump instructions [JR cc, $ +2 +d]/[JRS cc,
$ +2 +d]. Afterreset, the jump status flag is initialized to “1”, other flags are not affected.

(1) Zero flag (ZF)
The ZF is set to “1” if the operation result or the transfer data is 00y (for 8-bit operations and data
transfers)/0000y (for 16-bit operations); otherwise the ZF is cleared to "0”.
During the bit manipulation instruction [SET, CLR, and CPL], the ZF isset to “1" if the contents of the
specified bitis “0”; otherwise the ZF is cleared to “0".
This flag is set to “1” when the upper 8 bits of the product are 00y during the multiplication
instruction [MUL], and when 00y for the remainder during the division instruction [DIV]; otherwise it
is cleared to “0".

(2) Carryflag (CF)
The CFis set to “1” when a carry out of the MSB (most significant bit) of the result occurred during
addition or when a borrow into the MSB of the result occurred during subtraction; otherwise the CF
is cleared to “0”. During division, this flag is set to “1” when the divisor is 00y (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 set to the CF.
This flag is also a 1-bit register (a boolean accumulator) for the bit manipulation instructions.
Set/clear/complement are possible with the CF manipulation instructions.

Example1 : Bit manipulation

LD CF, (0007H).5 ; (00014); « (00074)5 % (009AL)o
XOR CF, (009AH) .0
LD (0001H). 2, CF
Example2 : Arithmeticright shift
LD CF, A.7
RORC A

(3) Half carry flag (HF)
The HF is set 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 =28})
ADD A, B i A4y, HF <1
DAA A ; Ae41y + 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,
$+2+d] (T orFisacondition code). Jump is performed if the JF is “1” for a true condition (T), or the
JF is 0" for a false condition (F).
The JF is set to “1” after executing the load/exchange/swap/nibble rotate/jump instruction, so that
[JRST,$+2+d]land [JRT, $ +2 +d] can be regarded as an unconditional jump instruction.

Example : Jump status flag and conditional jump instruction

INC A

JRS T, SLABLE1 ; Jump when a carry is caused by the immediately
: preceding operation instruction.

LD A, (HL)

JRS T, SLABLE2 ; JFissetto “1" by the immediately preceding

instruction, making it an unconditional jump
instruction.

Example :The accumulator and flags will become as shown below after executing the following instructions
when the WA register pair, the HL register pair, the data memory at address 00C5y, the carry flag
and the half carry flag contents being “219AR", “00C51", “D7R", “1” and “0", respectively.

Instruction Acc. after Flag.after .execu_tion Instruction Acc. after Flag_after .execu.tion
execution | JF : ZF : CF i HF execution | JF i ZF i CF : HF

ADDC A, (HL) 72 150i1 1 INC A 98 0:0i1i0
SUBB A, (HL) 2 1010 ROLC A 35 1010
cmpP A, (HL) 9A 0 0 1 0 RORC A Ccb 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 processing routine during the execution of a subroutine call instruction or the
acceptance of an interrupt. On asubroutine call instruction, 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 PCH 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 postdecremented when a subroutine call or a push
instruction is executed, or when an interrupt is accepted; and
the SP is preincremented when a return or a pop instruction is
executed. Figure 1-8 shows the stacking order.

MSB LSB
151413121110 9 8 7 6 5432 10

Stack Pointer (SP) I

Figure 1-7. Stack Pointer

The SP is 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, 023FH ; SPe«023Fy
Example 2 : To read the SP

LD HL, SP ; HLe&SP

At acceptance

of interrupt
At execution of or At execution of
a CALL/CALLV/CALLP at execution of At execution of a RETI/RETN

instruction aSWlinstruction a RET instruction instruction

Y v Y

SP before
execution 023F

SP after

execution

(a) Stacking order

00404
: stack
: depth
023F i
(043F) ;

(b) Stack depth

Figure 1-8. Stack

1.8 System Clock Controller

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

TBTCR

Clock
generator

Timing generator control register

0036y G
i fe

High-frequency Timing

clock oscillator generator

Stand-by controller

EERS

System clocks

Low-frequency

clock oscillator

0038, 0039
| sysct | | syscr2

Clock generator control

System control registers

Figure 1-9. System Clock Controller
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1.8.1 Clock Generator

The clock generator generates the basic clock which provides the system clocks supplied to the CPU core
and on-chip 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.
“““““ High-frequency clock "=~~~ ="==""7"71 FTTTTTTTTTTTTTT Low-frequency clock TTTTTTTTTTTTTTY
1 1 1
I 1 1
XIN XOuT XIN Xout | | XTIN XTOUT XTIN XTOUT |
1 1 1
1 1
(open) | (open) !
I 1 1
L] . [] !
i i i
i i i
1 1 1
% ; i i ; ; i
1 1 1
I I }
(a) Crystal/Ceramic (b) External oscillator | i (¢) Crystal (d) External oscillator i
resonator J: i_ J:

Figure 1-10. Examples of Resonator Connection

: Accurate Adjustment of the Oscillation Frequency:

Although no hardware to externally and directly monitor the basic clock pulse is not provided, the
oscillation frequency can be adjusted by providing a program to output fixed frequency pulses to
the port while disabling all interrupts 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 oscillation frequency adjusting monitor pulse to P13

(DVOa) pin.
SFCCHK: LD  (P1CR), 00001000B ; Configures port P13 as an output
SET (P1).3 ;P13 outputlatch « 1 output waveform
LD  (TBTCR), 11100000B ; Enablesdivider output | |
JRS T.,$ ;  Loops endless ~——— £¢/1024 —

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

(1

@ Generation of main system clock

@ Generation of divider output (DVO) pulses

@ Generation of source clocks for time base timer

@ Generation of source clocks for watchdog timer

® Generation of internal source clocks for timer/counters TC1 -TC4
® Generation of internal clocks for serial interface SIO

@ Generation of source clocks for VFT driver circuit

Generation of warm-up clocks for releasing STOP mode

®© Generation of a clock for releasing reset output

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.

3-14-14




TOSHIBA TMP87C814/H14/K14/M14

During reset and upon releasing STOP mode, the divider is cleared to “0", however, the prescaler is
not cleared.

@ In the single-clock mode
A divided-by-256 of high-frequency clock (fc/28) is input to the 7th stage of the divider.

@ In the dual-clock mode
During NORMAL2 or IDLE2 mode (SYSCK =0), an input clock to the 7th stage of the divider
can be selected either “fc/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.

) fm ) I+» machine cycles
_ | main system clock generator machine cycle counters / > states
SYSCK T '
DV7CK
prescaler divider fer28 S divider
. 28(A
Eg_;cilw(-frequency fe 1254 1 |23 a5 |6 Y 7|89 |10]11|12]13|14]15[16|17]18]|19]20[21
B
Low-frequenc fs
clock d y fs MPX Reset circuit
Stand-by
-« controller
Timer/ >
counters Watchdog
Timer
e
Time Base
Timer
Serial
interfaces
VFT driver
circuit Divider
output circuit
Note : MPX; Multiplexer
Figure 1-11. Configuration of Timing Generator
7 6 5 4 3 2 .
TBTCR  [ovoew]  ovoc [ ovrek [ eTen) (TBTCK) (Initial value: 0x*0 0xx)
( ) 1 1 1
(0036) . .
Selection of input clock to | 0: fc/28 [Hz | |
| DV7CK |the 7th stage of the divider 1:fs [Hz] RW

Notel : fc; high-frequency clock [Hz], fs; low-frequency clock [Hz], * ; don’t care
Note2: Do notset DV7CK to “1” in the single-clock mode.
Note3: Do notset DV7CK to “1” before low-frequency clock is stable in the dual-clock mode.

Figure 1-12. Timing Generator Control Register

(2) Machine Cycle
Instruction execution and on-chip 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
forexecution.
A machine cycle consists of 4 states (S0 - $3), and each state consists of one main system clock.

3-14-15



TOSHIBA

TMP87C814/H14/K14/M14

]
Main System Clock—l I I I | I I I I I I I I I I_
(fm) H :
1
|

1
state | 5o
1

1/fc or 1/fs [g]

l——————
1

S1 2 | s3 so | st | s2 | s3 |

I
<«———Machine cycle ———————>
1

( 0.545 at fc=8MHz )
122 us at fs=32.768 kHz

Figure 1-13. Machine Cycle

1.8.3 Stand-by Controller
The stand-by controller starts and stops the oscillation circuits for the high-frequency and low-frequency
clocks, and switches the main system clock. There are two operating 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 shows the system control
registers. Either the single-clock or the dual-clock mode can be selected by an option during reset.

(1) Single-clock mode
Only the oscillation circuit for the high-frequency clock 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 peripherals operate using the high-frequency
clock. In the case where the single-clock mode has been selected as an option, the
87C814/H14/K14/M 14 are placed in this mode after reset.

IDLE1 mode

In this mode, the internal oscillation circuit remains active. The CPU and the watchdog timer
are halted; however, on-chip peripherals remain active (operate using the high-frequency
clock). IDLE1 mode is started by setting IDLE bit in the system control register 2 (SYSCR2),
and IDLE1 mode is released to NORMAL1 mode by an interrupt request from the on-chip
peripherals or external interrupt inputs. When IMF (interrupt master enable flag) is “1”
(interrupt enable), the execution will resume upon acceptance of the interrupt, and the
operation will return to 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.

STOP1 mode

In this mode, the internal oscillation 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 the high-frequency and low-frequency oscillation circuits are used in this mode. P21 (XTIN) and
P22 (XTOUT) pins 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=8 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
87PM14 is placed in the single-clock mode during reset. To use the dual-clock mode, the low-
frequency oscillator should be turned on by executing [SET (SYSCR2).XTEN] instruction.

@ NORMAL2 mode

In this mode, the CPU core is operated using the high-frequency clock. The on-chip
peripherals are operated on the high-frequency clock and/or low-frequency clock. In case
that the dual-clock mode has been selected as an option, the 87C814/H14/K14/M14 are
placed 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 on-chip peripherals are operated using the low-
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 peripherals 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 that operation 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 peripherals 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

o software
IDLE1 <o NORMALT1 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
input //’ "/ | mode
SLEEP software SsLow e ’//
mode mode |-~ software
interrupt
(b) Dual-clock mode
Note : NORMAL1 and NORMAL2 modes are
generically called NORMAL,; STOP1 and
STOP2 are called STOP; and IDLE1, IDLE2 and
SLEEP are called IDLE.
. Frequency On-chi Machine cycle
Operating mode CPU core P y
High-frequency [ Low-frequency Peripherals time
« | RESET1 reset reset
§ NORMAL1 turning on 4/f
o [NO oscillation | turning off operate operate ffelsl
% IDLE1 oscillation (Note 1)
C
= : halt
A | sTOPY turning off halt —
oscillation
RESET2 reset reset
turning on . t
NORMAL2 High-frequency Operate a/fc s
35 oscillation (High and/or Low) [s]
S |IDLE2 turning on halt (Note 1)
I oscillation
‘3\5 SLOW turning off Low-frequency Low-frequency
a I 4/fs [s]
SLEEP oscillation (Note 2)
- halt
turning off halt —
STOP2 oscillation
Note 1: The Vacuum Fluorescent Tube (VFT) driver circuit are halted.

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

0
YSCR1 m—m——F—2——= =2 £ M -
(50053%H) | stop | retm [ rerm Jouren| wpr | (Initial value: 0000 00%*)
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
after STOP mode 1 : Return to SLOW mode RIW
OUTEN Port output control 0 : High-impedance
during STOP mode 1 : Remain unchanged
Warming-up time at 00: 3x2"/fc or 3x2%/fs [s]
WUT ing-up 01: 2% or 213/ s
releasing STOP mode
1* :  Reserved
Note 1:  Alwaysset RETM to “0” when transiting from NORMAL1 mode to STOP1 mode and from Normal2
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 regardiess
of the RETM contents.
Note3: fc ; high-frequency clock [Hz]
fs ; low-frequencyclock [Hz]
* ; don’t care
Note4:  Bits 1and 0in SYSCR1 are read in as undefined data when a read instruction is executed.

System Control Register 2

SYSCR2 7 6 5 4 32000 0. -
(0039y) | XEN | XTEN | SYSCK| IDLE | : : : : (Initial value:  10/100 *%*x)
XEN High-frequency oscillator | 0 : Turn off oscillation
control 1 :Turnon oscillation
XTEN Low-frequency oscillator | 0 :Turnoff oscillation
control 1 : Turnon oscillation
Mai t lock select W
ain system clock selec .
. . 0 : High-f lock
SYSCK | (write)/main system clock ) 'gh-Irequency cloc
. 1 : Low-frequency clock
monitor (read)
0 : CPU and watchdog timer remain active
IDLE IDLE mode start .
1 : CPU and watchdog timer are stopped (start IDLE mode)
Note 1:  Aresetis applied (RESET pin output goes low) if both XEN and XTEN are cleared to “0”.
Note2: Do notclear XEN to “0” when SYSCK =0, and do not clear XTEN to “0” when SYSCK =1.
Note3:  WDT, watchdog timer, * ; don’t care
Noted4:  Bits3-0inSYSCR2 are always read in as “1” when a read instruction is executed.
Note5:  Anoptional initial value can be selected for XTEN. Always specify when ordering ES (engineering

sample).

XTEN | operating mode after reset

0 Single-clock mode (NORMAL1)
1 Dual-clock mode (NORMAL2)

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 status is maintained.

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

@ The data memory, registers and port output latches are all held in the status in effect before
STOP mode was entered. The port output 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 following the instruction which
started STOP mode.

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

a. Level-sensitive release mode (RELM = 1)
In this mode, STOP mode is released by setting the STOP pin high. This mode is used for
capacitor back-up when the main power supply is cut off and for long term battery back-up.
When the STOP pin input is high, executing an instruction which starts the STOP mode will not
place in the STOP mode but instead will immediately start the release sequence (warm-up).
Thus, to start the 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 following two methods can be used for
confirmation:
® Using an external interrupt input INT5 (INT5 is a falling edge-sensitive input).

Example : Starting STOP mode with an INT5 interrupt.
PINTS : TEST (P2).0 ; Toreject noise, STOP mode does not start if
port P20 is at high

JRS F, SINT5

LD (SYSCR1), 010000008 ;. Sets up the level-sensitive release mode.

SET (SYSCR1).7 ; Starts STOP mode

LDW (IL), 1111011101010111B ; IL11, 7,5, 3 « 0 (Clears interrupt latches)
SINT5 : RETI

soon O\ o\

N U
EYENIEVEN

XouTpin AT
1
NORMAL i STOP i ! NORMAL
operation operation Warm-up : operation
Confirm by progr?m that the STOP mode is released by the hardware.
S:Ofsr‘;_'g;npu;'s ow and Always released if the STOP
star mode. pininputis high

Figure 1-16. Level-sensitive Release Mode

Note : When changing to the level-sensitive release mode from the edge-sensitive release mode, the release mode is
not switched until a rising edge of the STOP pin input is detected.
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b. Edge-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.

Example : Starting STOP mode operation in the edge-sensitive release mode

LD (SYSCR1), 000000008 ; OUTEN « 0 (specifies high-impedance)
DI ;  IMF « 0 (disables interrupt service)
SET (SYSCR1). STOP ; STOP « 1 (activates stop mode)
LDW (IL), 11011101010111B) ; IL11,7,5, 3 « 1 (clears interrupt latches)
El ; IMF « 1 (enables interrupt service)
: . 5
. i \ % Vin \ \
STOP pin : 4 ! 4
| (¢ i /L
27
XOUT pin , ‘5
! Kd
NORMAL ' STOP i . ! ! sToP
operation operation Warm-up :‘NORMAL > operation
/ operation/
STOP mode started
by the program. STOP mode is released by the hardware at the rising
edge of STOP pin input.

Figure 1-17. Edge-sensitive Release Mode

STOP mode is released by the following sequence:

@ In the dual-clock mode. When returning to NORMAL2, both the high-frequency and low-
frequency clock oscillators are turned on ; when returning to SLOW mode, only the low-
frequency clock oscillator is turned on. When returning to Normal 1, 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 warming-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.g. [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

Return to NORMAL1 mode Return to SLOW mode
WUT At fc=4.194304 MHz At fc=8 MHz WUT At fs=32.768 kHz
3x2"%/fc [s] 375 [ms] 196.6 [ms] 3x2B3/fs  [s] 750 [ms]
2/ fc 125 65.5 28/ s 250

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

STOP mode can also be released by setting the RESET pin low, which immediately performs the
normal reset operation.
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(2)

observed.

Note : When STOP mode is released with a low hold voltage, the following cautions must be

The power supply voltage must be at the operating voltage level before releasing the
STOP mode. The RESET pin input must also be high, rising together with the power
supply voltage. In this case, if an external time constant circuit has been connected, the
RESET pin input voltage will increase at a slower rate than the power supply voltage. At
this time, there is a danger that a reset may occur if input voltage level of the RESET pin
drops below the non-inverting high-level input voltage (hysteresis input).

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. The 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, from IDLE2 to
NORMAL2, 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]).

b. Interrupt release mode (IMF = “1")

(

Starting IDLE mode
by instruction

CPU, WDT are halted

EEEE——
Reset input

Reset
No (high)
ye?églzl mode ) Yes

No

Yes (Interrupt release mode)

Interrupt processing

—]

Execution of the
instruction which follows
the IDLE mode start
instruction

O

Figure 1-19. IDLE Mode

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

which started IDLE mode.

IDLE mode can also be released by setting the RESET pin low, which immediately performs the reset
operation. After reset, the 87C814/H14/K14/M14 are placed in NORMAL mode.

started.

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

3-14-23
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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 mode.

SET (SYSCR2) .5 ; SYSCKe1  (Switches the main system clock to the
low-frequency clock)
CLR (SYSCR2) .7 ; XEN<«O (turns off high-frequency oscillation)

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

LD (TC2CR), 14H ; Sets TC2 mode
(timer mode, source clock : fs)
LDW (TREG2), 8000H ; Setswarming-up time
(according to Xtal characteristics)
LD (TC2CR), 34H ; Starts TC2
PINTTC2 : LD (TC2CR), 10H ; Stops TC2
SET (SYSCR2) .5 i SYSCKe1
CLR (SYSCR2) .7 ; XENe&O
RETI
VINTTC2: DW PINTTC2 ; INTTC2 vector table

b. Switching from SLOW mode to NORMAL2 mode
First, set XEN (bit 7 in SYSCR2) to turn on the high-frequency oscillation. When time for
stabilization (warm-up) has been taken by the timer/counter 2 (TC2), clear SYSCK (bit 5 in
SYSCR2) to switch the main system clock to the high-frequency clock.
SLOW mode can also be released by setting the RESET pin low, which immediately performs the
reset operation. After reset, the 87C814/H14/K14/M14 are placed in NORMAL mode.

Example : Switching from SLOW mode to NORMAL2 mode (fc =8 MHz, warming-up time is about

7.9 ms).
SET (SYSCR2) .7 ; XENe1 (turns on high-frequency oscillation)
LD (TC2CR), 10H ; Sets TC2 mode
(timer mode, source clock: fc)
LD (TREG2 + 1), OF8H ; Setsthe warming-up time
(according to frequency and resonator characteristics)
LD (TC2CR), 30H ; Starts TC2
PINTTC2: LD (TC2CR), 10H ; Stops TC2
CLR (SYSCR2) .5 ; SYSCKe0  (Switches the main system clock to the
high-frequency clcok)
RETI
VINTTC2 : DW PINTTC2 ; INTTC2 vector table
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1.9

Interrupt Controller
The 87C814/H14/K14/M14 each have a total of 13 interrupt sources: 5 externals and 8 internals. Nested
interrupt control with priorities is also possible. Two of the internal sources are pseudo non-maskable
interrupts; the remainder are all maskable interrupts.
Interrupt latches (IL) that hold the interrupt requests are provided for interrupt sources. Each interrupt
vector is independent.
The interrupt latch is set to when an interrupt request is generated and requests the CPU to accept
the interrupt. The acceptance of maskable interrupts can be selectively enabled and disabled by the
program using the interrupt master enable flag (IMF) and the individual interrupt enable flags (EF).
When two or more interrupts are generated simultaneously, the interrupt is accepted in the highest
priority order as determined by the hardware. Figure 1-22 shows the interrupt controller.

111 "

Table 1-2. Interrupt Sources

Interrupt Source Enable Condition Int:r;crcuhpt Ve:;og;ii)le Priority

internall | (Reset) Non-Maskable — FFFEW High 0
Internal | INTSW (Software interrupt) Pseudo — FFFCy 1
Internal [INTWDT (Watchdog Timer interrupt) non-maskable IL2 FFFAY 2
External |INTO (External interrupt0) IMF =1, INTOEN =1 IL3 FFF8y 3
Internal [ INTTC1 (16-bit TC1 interrupt) IMF - EF4=1 ILg FFF6y4 4
External |INT1 (External interrupt 2) IMF - 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 ILy FFFOy 7
Internal [ INTTC3 (8-bit TC3 interrupt) IMF - EFg=1 ILg FFEEH 8
Internal [ INTSIO (Serial Interface1 interrupt) IMF - EFg=1 ILg FFECy 9
Internal [ INTTC4 (8-bit TC4 interrupt) IMF - EFqp=1 IL1o FFEAL 10
External |INT3 (External interrupt 3) IMF - EFq1=1 IL11 FFE8H 11

reserved IMF - EFq2=1 IL12 FFE6Y 12

reserved IMF - EFq3=1 ILy3 FFE4y 13
Internal | INTTC2 (16-bit TC2 interrupt) IMF - EFq4=1 IL1a FFE2y 14
External |INT5 (External interrupt5) IMF - EF5=1 IL1s FFEOH Low 15

(1) Interrupt Latches (IL 15~2)
Interrupt latches are provided for each source, except for a software interrupt. The latch issetto “1”
when an interrupt request is generated, and requests the CPU to accept the interrupt. The latch is
cleared to “0” just after the interrupt is accepted. All interrupt latches are initialized to “0” during
reset.
Interrupt latches are assigned to addresses 003Cy 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
manipulation or operation instructions cannot be used (Do not clear the ILy for a watchdog timer
intlerrupt to “0”). Thus, interrupt requests can be canceled and initialized by the program. Note
that interrupt latches cannot be set to “1" by any instruction.
The contents of interrupt latches can be read out by an instruction. Therefore, testing interrupt
requests by software is possible.

Example 1 :Clears interrupt latches

LDW (IL), 1011100000111111B i ILqa, ILqo~ILge=0
Example 2 : Reads interrupt latches
LD WA, (IL) s Welly, Al
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(2)

Example 3: Tests an interrupt latch
TEST (IL).7 ; ifIL; = 1 then jump
JR F,SSET

Interrupt Enable Register (EIR)

The interrupt enable register (EIR) enables and disables 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 the individual interrupt enable flags
(EF). This register is assigned to addresses 003AH and 003BH 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 disables the acceptance of all interrupts,
except for pseudo non-maskable interrupts. Clearing 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 occurred, interrupt
service starts immediately after execution of the [RETI] instruction.
Pseudo non-maskable interrupts are returned 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 that the IMF remains “0” when cleared by 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. The IMF is normally set and cleared by the [EI] and [DI] instructions, and the IMF
isinitialized to “0” during reset.

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

@ Individual interrupt Enable Flags (EF15~EFy)
These flags enable and disable the acceptance of individual maskable interrupts, except for
an external interrupt 0. Setting the corresponding bit of an individual interrupt enable flag
to “1" enables acceptance of an interrupt, setting the bit to “0” disables acceptance.

Example 1 :Sets EF for individual interrupt enable, and sets IMF to “1".

LDW (EIR), 1100100010100001B  ;  EF4s, EFq4, EFqq, EF7, EFs, IMFe&1
Example 2 : Sets an individual interrupt enable flag to “1".
SET (EIRH).4 i EFqet

IL : : : : : : : : : : : :
(003C, 003Dy.) [Ilys i 1lya i 0lqg illgp i llqq illyg i Ilg i Ilg | Iy P ILg | Il i ILg | I3 i Ly |

ILy (003Dy) IL (003Cp)
(Initial Value : 00000000 000000**)
EIR : : : ; ; ; ; ; i T o |y A
(003A. 003By) | EF15 i EF1q EFy3 i EFqp i EFqq i EFqo EFg i EFg | EFy | EFg | EFs i EFg |  : & IMF
EIRy (003By) EIR, (003Ay)
(Initial Value : 00000000 0000***(Q)
Note 1: Do not use any read-modify-write instruction such as bit manipulation for clearing IL.
Note2: Do notclearlL,to “0” by an instruction.
Note 3: Do notset IMF to “1” during non-maskable interrupt service program.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Figure 1-23. Interrupt Latch (IL) and Interrupt Enable Register (EIR)
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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 xs atfc=8 MHzin the
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).

Interrupt acceptance processing is as follows:

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

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

@ The contents of the program counter (return address) and the program status word are
saved (pushed) on the stack.

@ The entry address of the interrupt service program is read from the vector table, and the
entry address is loaded to the program counter.

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

Interr
signal

Interr
latc

IMF

SP

o
17

Instruction
execution

Interrupt service task

1 machine cycle

< 1

!
U—

upt

1
1
! I
| Note2 }
B E—
1
.

I
I 1
Instruction Interrupt acceptance X ;;223;,‘;‘;” RETI instruction execution

DS O EHED G wm CX

Notel : a, return address, b, entry address, ¢, address which the RETI instruction is stored
Note2 : The maximum response time from when an IL is set until an interrupt acceptance processing starts is
2/fm to 38/fm [s].

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

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

Vector table address Entry address

A maskable interrupt is not accepted until the IMF is set to “1” even if a maskable interrupt of higher
priority than that of the current interrupt 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 the INTOEN in the
external interrupt control register (EINTCR) or interrupt processing must be avoided by the program.
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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 u

nder the software control (using bit 0

at address 00F0y as the interrupt processing disable switch)

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

SINTO: {Interrupt processing_
RETI

VINTO : DW PINTO

During interrupt acceptance processing, the program counter and the program status word are

automatically saved on the stack, but not the accumulator and oth

er registers. These registers are saved

by the program if necessary. Also, when nesting multiple interrupt services, it is necessary to avoid using

the same data memory area for saving registers.

The following method is used to save/restore the general-purpose registers:

@® General-purpose register save/restore by register bank changeover:
The general-purpose registers can be saved at high-speed by switching to a register bank
thatis 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 memory utilization, the same
bank is assigned for interrupt sources which are not nested.

The switched bank is automatically restored by exec

uting an interrupt return instruction

[RETI] or [RETN]. Therefore, itis not necessary for a program to save the RBS.

Example : Register Bank Changeover
PINTxx : LD RBS, n

. ;. Switches to bank n (1 s at 8 MHz)

RETI ; Restores bank and Returns
main task main task
acceptance of jnterrupt acceptance of interrupt
bank m | Interrupt service task interrupt service task
m Switch to bank n by saving
[LD RBS, n] or registers
time [ INC (GRBS) ]
n instruction
.......................
interrupt return Restore bank
m automatically by restoring
[RETI]/ [RETN] registers
instruction .....................
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-purpo

se 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
 interrupt processing :
POP WA . Restore WA register pair
RETI ; Return
................................................................................ Address (example)
SP — 023Ay
A 023B
SP — w SP — 023C
........ PCL .. Pl e | 023D
....... PCy ... e PCH PG o] 023E
PSW PSW PSW SP — 023F
At acceptance At execution At execution At execution of an

of aninterrupt

=

of a push
instruction

=

of a pop

instruction

=

interrupt return

instruction

@ General-purpose registers save/restore using data transfer instructions:
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 transfer instructions
PINTxx : LD (GSAVA), i SaveAregister
interrupt processing
o A ,(GSAVA) ; Restore Aregister

; Return from interrupt service

The interrupt return instructions [RETI] / [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

@ The contents of the program counter and
program status word are restored from the

stack. stack.
@ The stack pointer is incremented 3 times. @ The stack pointer isincremented 3 times.
@ Theinterrupt master enable flagissetto “1”. @ 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 sampled 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 processing 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 87C814/H14/K14/M14 each have five external interrupt inputs (INTO, INT1, INT2, INT3, and INT5).
Three 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 and INT3.

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 will not be set even if the falling edge of

INTO pin input is detected.

Table 1-3. External Interrupts

TMP87C814/H14/K14/M14

Note 4 :

Note 5 :

INTO/INT5 input

Source Pin faﬁ(c:%%dna&/n Enable conditions Edge Digital noise rejection
INTO INTO P10 IMF=1, INTOEN=1 falling edge — (hysteresis input)
Pulses of less than 15/fc or 63/fc [s]
) are eliminated as noise. Pulses of
INT1 INT1 P11 IMF - EF5 =1 falling edge 48/fc or 192/fc [s] or more are
or considered to be signals.
rising edge
. _ Pulses of less than 7/fc [s] are
INT2 INT2 P12/TC IMF - EF7 =1 eliminated as noise. Pulses of 24/fc
INT3 INT3 P86/514 IMF - EFqq = 1 E%n‘zﬁs_’“‘“e are considered to be
INT5 INT5 P20/STOP IMF - EFq5=1 falling edge — (hysteresis input)
Note 1:  The noise rejection function is turned off in SLOW and SLEEP modes. Also, the noise reject times are not
constant for pulses input while transiting between operating modes (NORMAL2<SLOW)
Note2:  The noise rejection function is also affected for timer/counter input (TC1 and TC4 pins).
Note 3:  The pulse width (both “H” and “L” level) for input to the INTO and INT5 pins must be over 1 machine cycle.

tinTL tinTH > tCyC (Note : tcyc = 4/fm [s])

tinTL tNTH

If a noiseless signal is input to the external interrupt pin in the NORMAL 1/2 or IDLE 1/2 mode, the maximum
time from the edge of input signal until the IL is set is as follows :

@ INT1 pin 49/fc [s] (INTINC=1), 193/fc [s] (INTINC=0)

@ INT2,INT3 pins 25/fc [s]
When high-impedance is specified for port output in stop mode, port input is forcibly fixed to low level
internally. Thus, interrupt latches of external 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 (SYSCR1),010000008 ;
DI

SET (SYSCR1).STOP
LDW (IL),1111011101010111B ;
EI

OUTEN«0 (specifies high-impedance)
IMF<0 (disables interrupt service)
STOP<1 (activates stop mode)
IL11,7,5,3<0 (clearsinterrupt latches)
IMF<1 (enablesinterrupt service)

3-14-33




TOSHIBA

TMP87C814/H14/K14/M14

(0037y)

....... I
EINTCR | |NT1 | INTO |(TC4ES)| INT3 | INTZ | INT1 | (Initial value :  00%0 000%)

INTINC | Noise reject time select

o

: Pulses of less than 63/fc [s] are eliminated as noise
: 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 set to an input mode) R/W
INT3 ES R
INT2ES |INT3to INT1 edge select 0 : Rising edge
INT1 ES 1 : Falling edge

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

Note2:  Edge detection during switching edge selection is invalid.

Note3:  Change EINTCR only when IMF =0. After changing EINTCR, interrupt latches of external interrupt
Note4: Inordertochange of external interrupt input by rewriting the contents of INT2ES, INT3ES during

Note5: Inorderto change an edge of timer counter input by rewriting the contents of INT2ES, INT3ES during

Example : When changing TC1 pin inputs edge in external trigger timer mode from rising edge to falling edge.

Note6:  Ifchanging the contents of INTT1ES during NORMAL1/2 mode, interrupt latch of external interrupt

inputs must be cleared to “0” using load instruction.

NORMAL1/2 mode, clear interrupt latches of external interrupt inputs (INT2, INT3) after 8 machine
cycles from the time of rewriting. During SLOW mode, 3 machine cycles are required.

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 interrupt inputs (INT2, INT3) after 8 machine
cycles from the time of rewriting to change to interrupt enable state. Finally, state timer counter.
During SLOW mode, 3 machine cycles are required.

LD (TC1CR),01001000B ; TC1S « 00 (stop TC1)
DI ;  IMF « 0 (disable interrupt service)
LD (EINTCR),00000100B ; INT2ES « 1 (change edge selection)
-1  wop
8 machine ~
cycles NOP
A LD (ILL),01111111B ; IL7 « 0 (clearinterruptlatch)
EI ; IMF « 1 (enableinterrupt service)
LD (TC1CR),01111000B ; TC1S « 11 (start TC1)

input INT1 must be cleared after 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. External Interrupt 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 SWI instruction will not generate a software interrupt but will result in
the same operation as the [NOP] instruction. Thus, the [SWI] instruction behaves like the [NOP]

instruction.

Use the [SWI] instruction only for detection of the address error or for debugging.

@ Address Error Detection

FFy is read if for some cause such as noise the CPU attempts to fetch an instruction from a
non-existent memory address. Code FFy is the SWI instruction, so a software interrupt is
generated and an address error is detected. The address error detection range can be
further expanded by writing FFy to unused areas of the program memory. the address trap
reset is generated in case that an instruction is fetched from RAM or SFR areas.

Note :The fetch data from addresses 7F80y to 7FFFy (test ROM area) for

87C814/H14/K14/M14 is not “FFH".
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@ Debugging
Debugging efficiency can be increased by placing the SWIl 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 malfunction can be selected either as a reset output or a non-
maskable interrupt request. However, selection is possible only once after reset. At first, the reset
outputisselected.
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

MPX reset release signal from T.G.

fc/2Bor fs/ 2" ——>|A Binary Counters L
fc/ 2% or fs/ 2P ——> clock overflow

R reset

B
fc/2%or fs/2" —>|C Y J_)ﬂoutput output
17 9 ——>|D — [
fc/27or fs/2 G dear | V| 2 —1s q —I>—D RESET
|
N interrupt request INTWDT
internal reset enable
Q
S R
WDTEN
< writing writing clear WDTOUT
WDTT disable code |code

Controller

WDTCR1 WDTCR2

Watchdog Timer Control Registers

Figure 1-27. Watchdog Timer Configuration

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 binary counter.

@ Repeatedly clearing the binary counter within the setting detection time.
If a CPU malfunction occurs for any cause, the watchdog timer output will become active on the rise
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 STOP mode (including warm-up) or IDLE mode,
and automatically restarts (continues counting) when STOP/IDLE mode is released.
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Example : Setsthe watchdog timer detection time to 221/fc [s] and resets the CPU malfunction.

LD (WDTCR2), 4EH ; Clears the binary counters
LD (WDTCR1), 00001101B ; WDTT<«10, WDTOUT«1
— LD (WDTCR2), 4EH ; Clears the binary counters
Within WDT (always clear immediately after changing WDTT)
detection time :
- LD (WDTCR2), 4EH ; Clears the binary counters
Within WDT :
detection time :
L L:D (WDTCR2), 4EH ; Clears the binary counters

Watchdog Timer Control Register 1
7 6 5 4 3 2 1 0

WDTCR1 : : WDT WDTT WDT (Initial value : **x* 1001)
(00341)  Greeeebieeihn | EN | OUT
Watchdog timer 0 : Disable (it is necessary to write the disable code to WDTCR2)
WDTEN R
enable/disable 1 : Enable
00:2%/fc or 27/ fs [s]
WDTT Watchdog timer 01:28/fc or 25/ fs write
detection time 10:2"/fc or  2%/fs only
11:2%/fc or 2"/ fs
Watchdog timer 0 : Interrupt request
wbTouT output select 1 : Reset output

Note 1 : WDTOUT cannot be set to “1” by program after clearing WDTOUT to "0".

Note2 : fc ; High-frequencyclock[Hz] fs ; Low-frequencyclock [Hz] * ; don’t care

Note3 : WDTCR1 is a write-only register and must not be used with any of the read-modify-write
instructions.

Note4 : Disable the watchdog timer or clear the counter just before switching to STOP mode.
When the counter is cleared just before switching to STOP mode, clear the counter again
subsequently to releasing STOP mode.

Watchdog Timer Control Register 2
7 6 5 4 3 2 1 0

WDTCR2 | : : : : : : : | (Initial value : *x%x %xxx)
(00354) . - . - - : -
. 4E : Watchdog timer binary counter clear (clear code) .
WDTCR2 Watchdgg timer control B1H . Watchdog timer disable (disable code) write
code write register : . only
others : Invalid

Note 1 : Thedisable code is invalid unless written when WDTEN =0.
Note2 : *;don’tcare

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 At fs=32.768 kHz
25 /fc [s] | 2%/1¢c, 2" /1s 27/ fs 4.194s 4s
23/ fc 28 /fc, 2"/ 1s 2"/ fs 1.048 ms 1s
2%/ fc 22/ fc, 23/ 1s e 262.1ms 250 ms
2"/ fc 2%/ f¢, 2"/ fs —_ 65.5ms 62.5ms

(2) Watchdog Timer Enable
The watchdog timer is enabled by setting WDTEN (bit 3 in WDTCR1) to “1”. WDTEN is initialized to
"1" 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 (B14) 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 automaticallyafter STOP
or IDLE mode is released.

During disabling the watchdog timer, the binary counters are cleared.
Example : Disables watchdog timer
LDW (WDTCR1), 0B101H ; WDTEN«0, WDTCR2«disable code

1.10.3 Watchdog Timer Interrupt (INTWDT)
This is a pseudo non-maskable interrupt which can be accepted regardless of the contents of the EIR. Ifa
watchdog timer interrupt or a software interrupt is already accepted, however, the new watchdog timer
interrupt waits until the previous interrupt processing is completed (the end of the [RETN] instruction
execution).

The stack pointer (SP) should be initialized before using the watchdog timer output as an interrupt
source with WDTOUT.

Example : Watchdog timer interrupt setting up.
LD SP, 023FH ; Setsthe stack pointer
LD (WDTCR1), 000010008 ; WDTOUT«0

1.10.4 Watchdog Timer Reset
If the watchdog timer output becomes active, a reset is generated, 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=8 MHz). The high-fredquency clock oscillator also turns on when a watchdog timer
resetis generated in SLOW mode.

2"%fc [s]

| | | | LT L | [TwoTT=115)
' ) SEERD GEERD G

Overflow
INTWDT interrupt "
' Y

WDT reset output f (Hi-2) |("L" output)
writes 4E, to WDTCR2

Clock

Binary counter

ol
&
y

Figure 1-29. Watchdog Timer Interrupt/Reset

1.11 Reset Circuit

The 87C814/H14/K14/M14 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 8 MHz) 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) (FFFFy) - (FFFE) Divider of Timing generator 0
Register bank selector (RBS) 0
Jump status flag (R 1 Watchdog timer Enable
Interrupt master enable fla IMF 0 Refer to I/O port

up 9 (IMF) Output latches of I/0 ports circuitry
Interruptindividual enable flags  (EF 0

uptindividu gs  (ER) ) Refer to each of
Interrupt latches (IL) 0 Control registers control reqister

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 reset
operation is released and the program execution starts
at the vector address stored at addresses FFFE - FFFFR.
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.

VDD
% typ. 220 kQ

B

-
1
1
1
1
1
1
™
+ b
1
1
1
1
-

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

1.11.2 Address Trap Reset
If a CPU malfunction occurs and an attempt is made to fetch an instruction from the RAM or the SFR area
(addresses 0000y - 023Fy), an address-trap-reset will be generated. Then, the RESET pin output will go
low. The reset time is 220/fc [s] (131 ms at 8 MHz).

Instruction P a :( reset release Xinstruction at address r
execution ) i i
D Address-trap is occurred e L .
RESET output (“L" output)  (( [tHi2) |
! 1)) i i |
I 1 ! 1
I 1 1 1
' : | |
: 22fc [s] 12fc 1 2%
to
2%/fc
Note 1: 0=a=043Fy
Note 2: During reset release, reset vector “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 8 MHz).

3-14-38



TOSHIBA TMP87C814/H14/K14/M14

2. ON-CHIP PERIPHERALS FUNCTIONS

2.1 Special Function Registers (SFR) and Data Buffer Registers (DBR)
The TLCS-870 Series uses the memory mapped I/0 system, and all peripheral control and data transfers
are performed through the special function registers (SFR) and data buffer registers (DBR).
The SFR are mapped to addresses 0000 — 003Fy, and the DBR to addresses OF80H — OFFFy.
Figure 2-1 shows the 87C814/H14/K14/M 14 SFRs and DBRs.

Address Read Write Address Read Write

0000y 00204
01 21
02 22
03 23
04 24
05
06
07
08
09
0A
0B
0C
0D
OE
OF reserved

10 reserved
11
12
13
14
15
16
17
18
19
1A
1B
1C
1D
1E
1F reserved 3F |[PSW (Program status word) I RBS (Register bank selector)

Address Read Write
0F80y

Note1 : Do not access reserved areas by the

L VFT A program.
Display data buffer Note2 : - : Cannot be accessed.
Note3 : When defining address 003Fy with
................... assembler symbols, use GPSW and GRBS.
Noted4 : Write-only registers and interrupt

latches cannot use the read-modify-
------------------- write instructions (bit manipulation
------------------- instructions such as SET, CLR, etc. and
logical operation instructions such as
AND, OR, etc.)

(49

reserved

SIO
Transmit and receive
data buffer

reserved -

¢

(b) DataBuffer Registers

Figure 2-1. SFR & DBR
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2.2 1/OPorts
The 87C814/H14/K14/M14 each have 8 parallel input/output ports (55pins) as follows:

Primary Function Secondary Functions

Port PO 8-bit I/0 port

Port P1 8-bit I/0 port External interrupt input, timer/counter input, and divider output

Port P2 3-bit I/O port Low-frequency resonator connections, external interrupt input, and
STOP mode release signal input

Port P3 4-bit 1/0 port Serial interface, pulse width modulation output, PWM/PDO output,
and timer/counter input

Port P5 8-bit 1/0 port VFT digit driver output

Port P6 8-bit I/0 port Analog input

Port P7 8-bit I/0 port VFT digit/segment driver output

Port P8 8-bit I/0 port VFT segment driver/divider output, and external interrut input

Ports P1, P2, P3, P5, P6, P7 and P8 can also use secondary function.

Each output port contains a latch, which holds the output data. Input ports do not have latches, so the
external input data should either be held externally until read or reading should be performed several
times before processing. Figure 2-2 shows input/output timing examples.

External data is read from an 1/0 port in the S1 state 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 changesin the S2 state of the write cycle during execution of the instruction which writes to
an /0O port.

| fetch cycle | fetch cycle | read cycle | | fetch cycle | fetch cycle | write cycle |
I I 1 1 I I I 1
Instruction ___S0 S1 S2 S3 SO S1 S2 S3 SO S1 S2 S3  ___ Instruction—__S0 S1 S2 S3 SO S1 S2 S3 SO S1 S2 S3 .
execuct;glg—— L BxiIDAG . execuc;'g:__ L EBeDQA —_
Input strobe-- - [_l - - Output latch__ [j
I pulse 5
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 1/0 port except programmable 1/O ports PO and P1, whether the pin input data or the
output latch contents are read depends on the instructions, as shown below:
(1) Instructions thatread the output latch contents

@® XCH r, (src) ® LD (pp) . b, CF

@ CLR/SET/CPL (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) Instructionsthat read 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 - POO)

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 POCR contents. Therefore initial
output data should be written into the output latch before setting POCR.

STOP
obTen 4
POCRI J,I
data output <
data output > D Q ¢ D POi
output latch
Note:i=7to0
7 6 5 4 3 2 1 0
PO | P07 : P06 : PO5 : P04 : P03 ! P02 i PO1 ! POO | (Initial value : 0000 0000)
(0000y,)
7 6 5 4 3 2 1 0
POCR : : o .
(000 | | (Initial value : 0000 0000)
POCR I/0 control for port PO 0 input mode write
1 : output mode only
Figure 2-3. Port 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 output data are 1010g).

LD
LD

2.2.2 Port P1 (P17 - P10)

(P0), 00001010B

(POCR), 00001111B

; Setsinitial data to PO output latches
; Sets the port PO input/output mode

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 corresponding 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, 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. Therfore initial output data should be
written into the output latch before setting P1CR. Port P1 is also used as an external interrupt input, a
timer/counter input, and a divider output. When used as a secondary function pin, the input pins should
be set to the input mode, and the output pins should be set to the output mode and beforehand the
output latch should be setto “1”.

It is recommended that pins P11 and P12 should be used as external interrupt inputs, timer/counter input,
orinput ports. The interrupt latch is set on the rising or falling edge of the output when used as output
ports.

Pin P10 (INTO) can be configured as either an 1/0 port or an external interrupt input with INTOEN (bit 6 in
EINTCR). During reset, the pin P10 (INTO) is configured as an input port P10.
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STOP .
ooren P
PICRi ﬁ

datainput

data output P1i

output latch

control output

control input

Note:i=7to0

7 6 5 4 3 2 1 0

P1 P17 i P16 | P15 | P14 i P13 IKI1TZZ P11 i P10
(0001y) { TC2 : PPG :DVOa: Tci : INT1 i INTO (Initial value: 0000 0000)
7 6 5 4 3 2 1 0
P1CR H H H H H H H 141 .
(000By,) | : : : : : |(In|t|al value: 0000 0000)
P1CR I/0 control for port P1 0 : Input mode write
1 : Qutput 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), 010000008 ; INTOEN«1
LD (P1),10111111B i P17¢-1, P14e1, P16¢0
LD (P1CR), 110100008
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2.2.3 Port P2 (P22 - P20)

Port P2 is a 3-bit input/output port. It SET/CLR/ CPL Jothers — J’I_ CMP/MCMP/TEST / others
is also used as an external interrupt |patainput |

input, and low-frequency crystal

connection pins When used as an °THM|“}‘ N -
input port, or the secondary function Data OU'.tput D Q y L DPZO (INT5/5TOP)
pin, the output latch should be set to |Controlinput N @I :]_(]

“17. During reset , the output latches |22 '™\ ]_<:]_ N Osc. enable

are initialized to “1".

A low-frequency crystal (32.768 kHz) is | Data output —>|E l':>— P21 (XTIN)
connected to pins P21 (XTIN) and P22 g

(XTOUT) in the dual-clock mode. In the |Datainput \/]'<\I

single-clock mode, pins P21 and P22 L<l‘ ‘?

can be used as normal input/output b ol M P22 (XTOUT
hors. Data output 1P Q] L, D ( )

It is recommended that the P20 pin
should be used as an external interrupt | STOP :Dc

. ) OUTEN
input, a STOP mode release signal
. . XTEN
input, or an input port. If used as an <
fs Q|
7

Note: *,don’tare

output port, the interrupt latch is set
on the falling edge of the output
pulse. P2 P22 : P21 :_P20
When a read instruction for port P2 is (0002y) XTOUTE XTIN %
executed, bits 7 to 3 in P2 read in as | . beeedeedesdon b

6 5 4 3 2 1 0

(Initial value :  **%x *x111)

undefined data.
Figure 2-5. Port P2

2.2.4 Port P3 (P33 -P30)

Port P3 is an 4-bit input/output port,

and is also used as serial interface (SI0) Control input .

input/output, 14 built-in pulse width CMP/MCMP’TEST“’%ej

modulation (PWM) and a Data input !

timer/counter input. When used as an SET/CLR/CPL /others

input port or a secondary function pin,

the output latch should be set to “1”. Data output > @ Il P3i
The output latches are initialized to Output latch

“1" during reset. Control output

It is recommended that the P33 pin STOP :DOM
OUTEN

should be used as an external interrupt

input, a timer/counter input, or an Note : i=3to 0 : don’t care

input port.

When a read instruction for port P3 is

executed bit 7 to 4 in P3 read in as TS SO ng 2 1 0

undefined data. p3 Puarz: P32 § P31 : P30
o003 | G b |BEiso s (5K

(Initial value :  ***x 1111)

Figure 2-6. Port P3
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2.2.5 Port P5 (P57 - P50)

Port P5 are 8-bit high-breakdown voltage input/output ports, and are also used as digit outputs, which
can directly drive vacuum fluorescent tube (VFT). When used as an input port or a digit output, the
output latch should be cleared to “0”. The output latches are initialized to “0” during reset. Pins which
are not set for digit output can be used as normal I/O port (refer to section “2.11.8 Port Function”). ltis
recommended that pins P57 to P50 should be used as digit output.

STOP
OUTEN

Datainput

Data output

digit output

CMP/MCMP /TEST/ others

control

SET/CLR/ N
CPL/others

7 6
p5 P57 P56 :
(0005) | G8 : G9

P55 : P54 i P53 : P52 i P51 i P50

©G10 i G11 : G12 : G13 | G14 | G15 0000 0000)

(Initial value :

Figure 2-8. P5 Port
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2.2.6 Port P6 (P67 - P60)

Ports 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 corresponding 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 corresponding P6CR bit must be set to “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.

Analog input )

STOP
OUTEN

AINDS —|—4D
SAIN 4|__°D—

P6CRi

read

il

Data input N

:
=]

e

> ] psi

Data output D

7 6 5 4 3 2 1 0

P6 P67 : P66 : P65 : P64 : P63 : P62 : P61 : P60 »
(00061) | AIN7 : AING : AIN5 : AIN4 : AIN3 i AIN2 : AINT : AINO (Initial value : 0000 0000)

P6CR 7 6 5 4 3 2 1 0
(000Cy) | : : : : : : : |  (nitial value: 0000 0000)
0 : inputmode write
P6CR 1/0 control for port P6 |
1 : output mode only

Figure 2-9. PortP6
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2.2.7 Port P7 (P77 - P70)
Port P7 is an 8-bit high-breakdown voltage input/ output port, and also used as a segment / digit output,
which can directly drive vacuum fluorescent tube (VFT). When used as an input port or a segment /digit
output, the output latch should be cleared to “0”. The output latches are initialized to “0” during reset.
Itis recommended that pins P77 to P70 should be used as digit/segment output.

CMP/MCMP/TEST/others
OUTEN |
sTop — 11—
control

Data input sevctricey [ N

others

Data output
Output latch

Segment
output
digit
output
Segment/digit VKK
control
7 6 5 4 3 2 1 0
p7 P77 (P76 : P75 (P74 :P73 i P72 P71 P70
GO : Gl : G2 : G3 : G4 : G5 : G6 : G7 .
(0007y) S7 i S6 : S5 : S4 i S3 i S§2 i ST i SO (Initial value : 0000 0000)

Figure 2-10. PortP7

2.2.8 Port P8 (P87 - P80)
Port P8 is an 8-bit high-breakdown voltage input/output port, a divider output, an external interrupt
input, and also used as a segment output, which can directly drive vacuum fluorescent tube (VFT). When
used as an input port, a segment output or secondary function pin, the output latch should be cleared to
“0". The output latches are initialized to “0” during reset. Pins P87 to P84 can be connected built-in pull-
down resistors by mask option. It is recommended that pins witch have a built-in pull-down resistors
should be used segment output.

OUTEN :OD° Hi-Z control
STOP

CMP/MCMP /TEST / others
1

Cntrol input ‘
) SET/CLR/CPL/others
Data input ’ !

<
Data output—> . > [ | psi

Output latch O .
| mask option

Segment output

Cntrol output

VKK

7 6 5 4 3 2 1 0

P87 : P86 : P85 : P84 : P83 : P82 : P81 : P80

P8 $15 : S14 : - : : :
(0008+) |pvob: NT3 : S13 i S12 § S11 i S10 i S9 i S8 | (initialvalue: 0000 0000)

Figure 2-11. Port P8
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2.3 Time Base Timer (TBT)
The time base timer generates time base for key scanning, dynamic displaying, etc. It also provides a time
base timer interrupt (INTTBT). The time base timer is controlled by the control register (TBTCR) shown in
Figure 2-15.
An INTTBT is generated on the first rising edge of source clock (the divider output of the timing
generator) after the time base timer has been enabled. The divider is not cleared by the program;
therefore, only the first interrupt may be generated ahead of the set interrupt period.
The interrupt frequency (TBTCK) must be selected with the time base timer disabled (both frequency
selection and enabling can be performed simultaneously).

TBTCK :X X:

: : t120

TBTEN | | 2 2 1 machine cycle
> : :
B & B ' 12

Example : Setsthe time base timer frequency to f¢/216 [Hz] and enables an INTTBT interrupt.

LD (TBTCR), 00001010B
SET (EIRL). &
MPX INTTBT
fc/223 or fs/2'5 >—A interrupt
fc/221 or fs/2'3 >—B request
fc/2'% or fslzi >—c |source clock
fc/2' or 5728 >—D Rising
fc/2'3 or fs725 >—E H edge Sourceclock—l I I | I r
fc/2'? or 1‘5/2‘3l >—iF detector : : :
fc/2" or 5723 >—G TBTEN
fc/2° or fs/2 >—H — g : i
i 1 N N N
3 i
TBTCK TBTEN INTTBT : " " "_
! Interrupt
TBTCR Enable TBT period
Time Base Timer Control Register
(@) Configuration (b) Time Base Timer Interrupt

Figure 2-14. Time Base Timer
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TBTCR 6 5 4 3 2 1 0 —_—
(0036, |(DVOEN) | ) | oVICK) | TBTEN | | TBTCK | | (Initial value :  0x%0 Oxxx)
Time base timer 0 : Disable
TBTEN
enable/disable 1: Enable
000 : fc/ 2% or fs/2'5 [Hz]
001 : fc/22"or fs/2"3
010 : fc/2'%or 5728
TBTCK | Time base timer interrupt 011 : fc/2'%or fs/2°
frequency select 100 : fc/213or 'fS/Z5
101 : fc/220or fs/72°
110 : fc/2"or fs/23
111 : fc/2% or fs/2
Note : fc,; High-frequency clock [Hz], fs,; Low-frequency clock [Hz], * ; don’t care
Figure 2-15. Time Base Timer and Divider Output Control Register
Table 2-1. Time Base Timer Interrupt Frequency
NORMAL1/2, IDLE1/2 mode Interrupt Frequency
TBTCK SLOW, SLEEP mode
DV7CK=0 DV7CK=1 At fc=8 MHz At fs =32.768 kHz
000 fc/ 2% fs/21° fs/215 0.95 Hz 1 Hz
001 fc/ 2% fs/213 fs/213 3.81 4
010 fc/2'6 fs/ 28 - 122.07 128
011 fcs2'4 fs/26 - 488.28 512
100 fc/2"3 fs/2° - 976.56 1024
101 fcs21? fs/2° - 1953.12 2048
110 fo/2M fs/23 - 3906.25 4096
111 fcr2° fs/2 - 15625 16384
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2.4 Divider Output (DVOa, DVODb)
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 (DVOa) and P87 (DVOb). The P13 output latch should be set to “1”
and then the P13 should be configured as an output mode, and the P87 output latch clear to “0”.
Divider output circuit is controlled by the control register (TBTCR) and DVObCR shown in Figure 2-12.

DVOa control register
TBTCR 7 6 5 4 3 2 1 0
(00361 lovoen|  bvock | evico | aemem | (TBTCK), | (Initial value :  0%*0 0*x*)
DVOEN | Divider output enable/disable 0: Disable
1: Enable
00 : fc/2"3 or fs/2°[Hz] RIW
L _— . 12 4
DVOCK D|V|deroutput(l?VOa) 01 : fc/211 or fs/23
frequency selection 10 : fc/2' or fs/2
11 : fc/2'0 or fs/22
DVOb control register
DVObcR 7 6 5 4 3.2 1..0.
(00274) I oeen | bvObCK (Initial value 000% *x)
. . 0 : Disabl
DVObEN Divider output enable/disable . sable
1: Enable
00 : fc/2"3 or fs/2°[Hz] Write
. . 12 4 onl
DVObCK D|V|deroutput(I?VOb) 01 ; fc/211 or fs/23 y
frequency selection 10 : fc/2'" orfs/2
11 : fc/2'0 or fs/22
Note : fc,; High-frequency clock [Hz], fs,; Low-frequency clock [Hz], * ; don’t care

Figure 2-16. Divider Output Control Register

Example : 1kHz pulse outputto P13 (at fc=8 MHz)

SET (P1).3 ; P13 output latch &1
LD (P1CR), 00001000B ; Configures P13 as an output mode
LD (TBTCR), 100000008 ; DVOEN«1, DVOCK«00
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Table 2-2. Frequency of Divider Qutput

fc/2130rfs/25 >
fc/2120rfs/ 24 >

oNnw»

DVOa control register

(a) Configuration

output latch

fc/2180rfs/25 > A

fc/220rfs/24 >

fc/21orfs/23 >—c Y
D

DVOCK I-jrgquency of At fc = 8 MHz At fs=
(DVObCK) Divider Output 32.768 kHz
00 fc/2¥ or fs/2° 0.976 [kHz] 1.024 [kHz]
01 fc/2" fs/2* 1.953 2.048
10 fc/2M fs123 3.906 4.096
1" fe/2™ fs/2? 7.812 8.192
output latch output enable
. [
data output | D Q P13 (DVOa)
MPX

fc/211 orfs/23 > Y P13 output latch | I
fc/2100rfs/22 > D g : J : :
2] ; —

DVOCK DVOEN PVOaEN ——I L

[ iR ] S l—l: :I—l M I—l I—l B
DVOa pin : :

(b) Timing Chart

_I

P87 output latch

[

fc/2'00rfs/22 >D ¢ : : :
2] : —

DVObCK DVObEN DVOEN —I L
| obvobcr | , L L

” DVOb pin | " I | I | I | I _"I I—I
DVODb control register
(c) Configuration (d) Timing Chart
Figure 2-17. Divider Output
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TOSHIBA

16-bit Timer/Counter 1 (TC1)
2.5.1 Configuration

2.5
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€101
ADLDL
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[4
_\m|u.. €/
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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.

15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
TREG1A
(0010, 0011y) | . TREG1Ay (0011y) . | . . TREG1AL (0010y) | . |
Write only
TREG1B
(0012, 0013, | . TREG1By; (0013}) . | . ,  TREGTB, (0012p) . |
7 6 5 4 3 2 1 0 Read / Write (Write available in only
PPG output mode)
SCAP1
TCICR TFF1 [MCAPTI 1cqg TC1CK TCIM
(0014y) METT! (Initial value : 0000 0000)
MPPG1 L | |
00 : timer/external trigger timer/event counter mode
TCIM T 01: window mode
mode select 10: pulse width measurement mode
11: PPG output mode
00: internal clock fe/2"'  or fs/2®  [Hz]
TC1CK TC1 01: internal clock fc/27
source clock select 10: internal clock fc/23
11: external clock (TC1 pininput)
00: stop & counter clear .
Ta1s |7 01: command start Write
start control 10: reserved only
11: external trigger start
SCAP1 software capture control 0: - 1: software capture trigger (Note 3)
MCAP1 pulse width measurement 1 : double edge capture 1: single edge capture
control
external trigger timer . .
METT1 control 0 : trigger start 1: trigger start & stop
MPPG1 [ PPG output control 0 : 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) is written.
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 loaded to timer registers must satisfy the following condition.
TREG1A>TREG1B>0 (PPG output mode) ; TREG1A>0 (others)
Note 6 : Always write “0” to TFF1 except the PPG output mode.
Note 7: TCICR is a write-only register, which cannot be accessed by any read-modify-write instruction
such as bit operate, etc.
Note 8 : TREG1B cannot be written after setting to PPG output mode.

Figure 2-19. Timer Registers and TC1 Control Register

2.5.3 Function
Timer/counter 1 has six operating 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=32.768kHz | Atfc=8 MHz | Atfs=32.768 kHz
fc/23[Hz] fc/23[Hz] - 1 us - 65.5 ms -
fc/2’ fc/2’ - 16 us - 1.0 s -
fe/2M fs/23 fs/23 [Hz] 256 us 24414 us 16.8 s 16.0 s

Example 1 :Sets the timer mode with source clock fs/23[Hz] and generates an interrupt 1 s. later

(atfs =
LD
LDW
LD

32.768 kHz).
(TC1CR), 00000000B
(TREG1A), 1000H
(TC1CR), 00010000B

Example 2 : Software capture

LD
LD

(TC1CR), 01010000B
WA, (TREG1B)

; Setsthe TC1 mode and source clock

; SCAP1¢1 (Captures)
; Reads captured value

;  Setsthe timer register (1s+ 23/fs=1000,)
; Starts TC1

Source clock

Up-counter
TREG1A

INTTC1 interrupt

Source clock

Up-counter

TREG1B

SCAP 1

Command start

(¢

JULTU Uy

XOC

M X XXX X XXX X XX

» X n By
1
| Match Counter
i detect krl’ clear
(a) Timer

MM i urroro

:Xm—ZXm—1X m X met X me2 X SS__anX n X ne1 X

capture

capture

Xm

(b) Software Capture

Figure 2-20. Timer Mode Timing Chart

(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 rising or 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 t0”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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count start

! trigger | «

TC1 pininput

count restart

+ trigger

(INT2ES=0)

"

Internal clock

Internal clock

Up-counter 0 X 1 XZX 3 X;?i Xn—1X-:X 0 X 1 X 2 X 3 X 4
Y
TREG1A X n D
INTTCH match kn/ clear
(a) Trigger Start (METT =0)

count count count

start clear start
TC1 pininput *trigger * trigger trigger *_rising edge select

(INT2ES=0)

speounter o XX XXOENE, PO
TREG1A :X n o )
/
INTTC1 match Tlclear
Note: m<n

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

Figure 2-21. External Trigger Timer Mode Timing Chart

(3) EventCounter Mode

In this mode, events are counted on the edge of the 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. If a match is found, an INTTC1 interrupt is generated, and the counter is cleared. The
maximum applied frequency is f¢/24 [Hz] 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.

Command start

TC1 pininput | | ] | | | | | | I I_l_l I_I I_I Ii
. - - n : : H
Up-counter 0 ) D G O ) EED & X__iX X 2
| n
TREG1A X =« p

INTTC1 interrupt

Match
detect

Counter
clear

]

Figure 2-22. 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.

command start

TC1 pininput

| I !
Internal clock | | | | | |E| | | | | | | | |:| | | | | |:| | | | | | | | | |
H 1
i : \— 5 5 : 5
Up-counter 0 X XZX 3 XZX > Lo XXX X2 X 3 )
TREG1A X 7 3

i match I'I/ clear
INTTC1 interrupt ! \

(a) Positive Logic (INT2ES = 0)

command start

4

TC1 pininput

1
1
1
|
Internal clock ||||:||||||||||||||||||||||'||||||
1

1
Up-counter H
[}

TREG1A X s

INTTC1 interrupt

match TI/_cIear

(b) Negative Logic (INT2ES=1)

Figure 2-23. Window Mode Timing Chart

(5) Pulse width measurement mode

Counting is started by the external trigger (set to external trigger start by TC1S). The trigger can be
selected either the 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
INTTC1 interrupt is generated. The counter is cleared when the single edge capture mode is set.
When double edge capture is set, the counter continues and, at the next rising (falling) edge, the
counter contents are again transferred to TREG1B. If a falling (rising) edge capture value is required,
it is necessary to read out 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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TC1 pin input

Internal clock

Up-counter

TREG1B

INTTC1

TC1 pin input

Internal clock

count
start

} trigger

Y

count
start

. )

I
i

o 0a

capture

[Applications] High or low pulse width measurement

(a) Single Edge Capture

Up-counter

TREG1B

INTTC1 |-| |-|

[Applications] @ Period / Frequency measurement
@ Duty measurement
(b) Double Edge Capture
Figure 2-24. Pulse Width Measurement Mode Timing Chart
Example: Duty measurement (Resolution fc/27 [Hz])

PINTTC1 :

SINTTC1 :

CLR
LD
LD
SET
LD
CPL
JRS
LD
LD
RETI
LD
LD

(INTTC1C). 0
(EINTCR), 00000000B
(TC1CR), 00000110B
(EIRL). 4

(TC1CR), 00110110B

(INTTC1C). 0

F, SINTTC1

(HPULSE), (TREG1BL)
(HPULSE + 1), (TREG1BH)

(WIDTH), (TREG1BL)
(WIDTH + 1), (TREG1BH)

’

’

’

’

INTTC1 service switch initial setting
Sets the rise edge at the INT2 edge
Sets the TC1 mode and source clock
Enables INTTC1

Starts TC1 with an external trigger

Complements INTTC1 service switch

Reads TREG1B

Reads TREG 1B (Period)
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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 configure as an output with P1CRg.
Timer F/F1 is 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 TC1M.

Internal clock

Up-counter

TREG1B

TREG1A

PPG output

INTTC1

TC1 pininput

Internal clock

Up-counter

TREG1B

TREG1A

PPG output

INTTC1

X $ l : |

match\ \ \ \

X- \ } \ }

~

Note :m>n

1 1 l l

(a) Pulse

| external trigger start

I'I Note: m>n

[Applications] One shot pulse output
(b) Single

Figure 2-25. PPG Output Mode Timing Chart
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P14 output latch
Data output
TFF1 _ bset
TC1CR write strobe
;) >pclear q
reset
match with TREG1B >—’_D |
match with TREG1A >——— toggle
Bi-¢ ]
INTTC1 interrupt -qY TimerF/F1
A
;__D—>TC1S clear signal
MPPG1

Figure 2-26. PPG Output

2.6 16-bit Timer/Counter 2 (TC2)

2.6.1 Configuration

MPX TC2S
TC2 pin H
MPX
window
£¢/223 or f5/2155— | o clear
fc/213 or fs/255——-18 timer/ Y 16-bit up-counter
fc/28—>|C event counter source
fc/23>——|D Y clock
fo——>|E
fsy—>{F h
LS | comparator fnate !NTTCZ
3 interrupt
TC2CK Te2s
match detect control
TC2CR TREG2 T T
Timer/Counter 2 control register 16-bit timer register 2 TREG2H TREG2L

write strobe write strobe

Figure 2-27. 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.

TREG2 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
(0016, 0017H)| 1 TlREGZH |(0017H) 1 : 1 ];REGZLI(0016H) 1 1
write only
cac 7 6 5 4 3 2 1 0
TC2CR  reeienee ———— —_~
015 .07 ic0r [teas|  geaek, | o [1C2M|  (itialvalue: #+0000+0)
Timer/counter 2 operating 0 : Timer/Event counter mode
TC2M .
mode select 1 : Window mode
000 : Internal clock fc/22 or fs/2"  [Hz]
001 : v fc/2" or fs/2°
010 : 7 fc/28
TC2cK | Timer/counter 2 011 : 7 fc/23 write
source clock select 100 : s fc (Note 5) only
101 : 4 fs
110 : Reserved
111 : External clock (TC2 pin input)
Timer/counter 2 0 : Stop and counter clear
TC2S
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 (TREGZ2;), 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 and source clock when timer/counter stops (TC2S =0).

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

TREG2 > 0(TREG25~17>0 when warm-up).

Note 5: “fc” can be selected as the source clock only in the timer mode during the SLOW mode.

Note 6 : Always write “0” to bit 0 in TC2CR.

Note 7: TC2CR and TREG2 are write-only registers and must not be used with any of the read-
modify-write instructions.

Figure 2-28. Timer Register 2 and TC2 Control Register

2.6.3 Function
The timer/counter 2 has three operating modes: timer, event counter and window modes. Also
timer/counter 2 is used for warm-up when switching 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. If 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 selected 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 At fc=8MHz | At fs=32.768 kHz |At fc=8 MHz | At fs =32.768 kHz

fc/2%[Hz] fs/ 2"3[Hz] fs/ 2" [Hz] fs/ 2" [Hz] 1.05s 1 S 19.1 h 18.2 h
fc/2" fs/2° fs/2° fs/2° 1.02 ms 1 ms 1.1 min 1 min
fer28 fc/28 - - 32 s 21 s
fcr 23 fc/ 28 - - 1 s 65.5 ms

- - fc (Note) - 125 ns 82 ms
fs fs - - 305 us 2 s

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

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

LD (TC2CR), 00001100B ; Setsthe TC2 mode and source clock
LDW (TREG2), 61A8H ; Sets TREG2 (25 ms + 23/fc = 61A8y)
LD (TC2CR), 00101100B ; 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 the 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 event counter mode and generates an INTT2 interrupt 640 counts later.

LD (TC2CR), 00011100B ; Setsthe TC2 mode
LDW (TREG2), 0280H ; Sets TREG2
LD (TC2CR), 00111100B ; 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 s, the frequency must be considerably slower than the selected internal clock.

TC2 pin input

1 1
| 1
Internal clock ||||||||||||||||:||||||:||||||||||
1 1
1 1
Up-counter 0o X1 X2X  Xn-X  n-2  Xe-XnXoX 1 X2 X3)

TREG2 X n o

match kn} counter clear

INTTC2 interrupt

Figure 2-29. Window Mode Timing Chart
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2.7 8-Bit Timer/Counter 3 (TC3)

2.7.1 Configuration

TC3S
source clear
fe212or st S clock 6-bit up-counter overflow INTT3
fcr2100r f5722 D—] interrupt
fer27 >
2 TC3CK
TC3$ TC3M
| TC3CR | | TREG3A |
Timer/Counter 3 Control Register  8-bit Timer Register 3
Figure 2-30. Timer/Counter 3
2.7.2 Control
TREG3A 7 6 5 4 3 2 1 0
(0018y) | Read/Write
7 6 5 4 3 2 1 0
TC3CR vl D222 L . )
©01Ay) i 0" :ror iron [teas| tegek | tor [ream| o (nitalvalue: xx000<0)
TC3M Tlmerh.:ounter 3 0 : Timer mode
operation mode set 1: reserved
00 : Internal clock fc/27? or fs/2¢ [HzZ]
Timer/counter 3 01 : Internal clock fc/2" or fs/22 .
TC3CK Write
source clock select 10 : Internal clock fe/ 27 |
11 : reserved only
TC3S Timer/counter 3 0 : Stop &clear
start select 1: Start
Note 1: fc,; High-frequency clock [Hz] fs; Low-frequency clock [Hz] =*,;don’tcare
Note 2 : Set the mode and the source clock 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 mode)
Note 4 : TC3CRis a write-only register and must not be used with any of read-modify-write instructions.

Figure 2-31. Timer Register 3A 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). Reset does not affect these timer registers.

2.7.3 Function
The timer/counter 3 has timer 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 interrupt (INTTC3) is generated,
and the up-counter is cleared. Counting up resumes after the up-counter is cleared.

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

Source clock Resolution Maximum setting time
NORMAL1/2,IDLE1/2 mode
SLOW, SLEEP mode
DV7CK =0 DV7CK = 1 fc=8 MHz fs =32.768 kHz fc=8 MHz fs=32.768 kHz
fc/2" [Hz] fs/2* [Hz] fs/2% [Hz] 512 “Ss 488.28 us 131.1 ms 124.5 ms
fcrs 2% fs/22 - 128  us 122.07 us 326 ms 31.1 ms
fcr2’ - - 16 us - 41 ms -
2.8 8-bit Timer/Counter (TC4)
2.8.1 Configuration
TC4ES
TC4S
TC4pin O
source clear
clock overflow
/211 or /23 8-bit up-counter D__
fc/27
fc/23
2 Timer F/F4
Teack % match PWM /PDO
TFF4 TC4S |TCAM p toggle pin
2 2 D set Q —| >o—1
} /T' D> clear
| TC4CR | | TREG4 | A8
Timer/Counter 4 Control Register 8-bit Timer Register 4 decoder
TCAM =11
ﬁ ﬁ 2 Note: MPX; Multiplexer
CMP; Comparator
INTTC4 TC4M, TFF4
interrupt

Figure 2-32. Timer/Counter 4
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2.8.2 Control

The timer/counter 4 is controlled by a timer/counter 4 control register (TC4ACR) and an 8-bit timer register
4 (TREG4). Reset does not affect TREGA4.

7 6 5 4 3 2 1 0
TREG4 .
(001B}) | | Write only
7 6 4 3 2 1 0
TCACR "
©o1cy) L__TFF4 [Tcas | TCack TCAM | (Initial value :  00%0 0000)
00 : Timer/event counter mode
. 01 : Reserved
Tcam TC4 operating mode select 10 : Programmable divider output (PDO) mode
11 : Pulse width modulation (PWM) output mode
00 : Internal clock fc/2" or fs/23[Hz] wri
01 : Internal clock fc/27 rite
TC4ACK | TC4 source clock select 10 : Internal clock fc/ 2° only
11 : External clock (TC4 pin input)
TC4S TC4 start control 0 : Stop &clear
1: Start
00 : Clear
. 01 : Toggle
TFF4  |TimerF/F4 |
imer F/F 4 contro 10 - Set
11: - (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 F/F 4 control and the edge
selection (INT4ES) when the TC4 stops (TC4S =0).
Note 3: TFF4 must be set to “11” in the timer and event counter modes.
Note4 : Values to be loaded to the timer register must satisfy the following condition.
TREG4>0
Note5: TC4CR and TREG4 are write-only registers and must not be used with any of read-modify-
write instructions.
Figure 2-33a. Timer Register 4 and TC4 Control Register
EINTCR 7 6 5 4 3 2 T o
(00374) | (NT1 | (INTO TC4 |(INT3[(INT2|(INT1 (Initial value :  00+0 000%)
NC) | EN) ES ES) | ES) | ES)
TCAES Edge selecftmn of TC 4pin 0: RISII:19 edge select RIW
input 1 : Falling edge select

2.8.3 Function

Figure 2-33b. External interrupt Control Register

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 cleared to “0”. Counting up resumes after the up- counter is cleared.
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Table 2-6. Source Clock {Internal Clock) for Timer/Counter 4

Source clock Resolution Maximum setting time
NORMAL1/2,IDLE1/2 mode
SLOW, SLEEP mode
DV7CK = 0 DV7CK = 1 fc=8 MHz fs=32.768 kHz fc=8 MHz fs=32.768 kHz
fc/2" [Hz] fs/2° [Hz] fs/23 [Hz] 256 “Ss 24414 us 65.3 ms 62.2 ms
fcr127 - - 16 s - 4.1 ms -
fc/23 - - 1 ©S - 255 us -

(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 of 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¢/24 [Hz] in NORMAL1/2 or IDLE1/2 mode, and
fs/2% [Hz] in SLOW or SLEEP mode. Two or more machine cycles are required for both 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 is cleared each time a match is found.
Timer F/F 4 output is inverted and output to the PDO (P33) pin. This mode can be used for 50 % duty
pulse output. Timer F/F 4 can be initialized by program, and it is initialized to “0" during reset. An
INTTC4 interrupt is generated each time the PDO output is toggled.

Example : Outputa 1024 Hz pulse (at fc = 4.194304 MHz)

SET (P3).3 ; P33 outputlatch « 1
LD (TREG4), 10H ; 1/2048 + 27/fc =104
LD (TC4CR), 00011010B ; Starts TC4

Internal clock

Up-counter

TREG4

TimerF/F4

PDO pin output

INTTC4 interrupt

3 €06 84000 €D #0080 € §9 0.0 E) E) 8§00 E

X b b b b
AN \ \

I I I I

Figure 2-34. Timing Chart for PDO Mode
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(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 output is toggled. The counter continues counting. And, when an overflow occurs, the timer is
again toggled and the counter is cleared. Timer F/F 4 output is inverted and output to the PWM
(P33) pin. AnINTTC4 interrupt is generated when an overflow occurs.

TREG4 is 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, TREG4 is shifted by setting TC4S (bit 4 in TCACR) to “1” after data are loaded to TREG4.

Internal clock | | | |§5| | | | | |§‘| | | | | | | |§‘| | | | | |§‘| | | | | | | |§‘| | | | |
Up-counter o Xt X X X X Xre X0 X X Xon Xoe X Xre X o X X X=X m)
TREG4 :Xn/n ¢ [ & Xoirf [ X mim $
matcl& overflov& coverw?ite\x \ sh?ft
TimerF/F4 I I I
1 1 1 i i
1 1 1 ! !
PWM pin | | | | |
INTTC4 interrupt " "
|€«————1period ———— |

Figure 2-35. Timing Chart for PWM Mode

Table 2-7. PWM Output Mode

Source clock ) ) L
Resolution Maximum setting time
NORMAL1/2, IDLE1/2 mode
SLOW, SLEEP mode
DV7CK=0 DV7CK =1 fc=8 MHz fs=32.768 kHz fc=8 MHz fs=32.768 kHz
fc/2™ [Hz] fs/2®  [Hz] fs /23 [Hz] 256 us 24414 us 65.5 ms 62.5 ms
fe/27 fer 27 - 16 us 41 ms
fc/23 fe/23 - 1 s 256 4
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2.9 Serial Interface (SIO)

The 87C814/H14/K14/M14 each have two clocked-synchronous 8-bit serial interfaces (SIO). Each serial
interface has an 8-byte transmit and receive data buffer that can automatically and continuously transfer
up to 64 bits of data.

The serial interfaces are connected to external devices via pins P32 (SO), P31 (Sl), P30 (SCK). The serial
interface pins are also used as port P3. When used as serial interface pins, the output latches of these
pins should be set to “1”. In the transmit mode, pins P31 can be used as normal I/O ports, and in the
receive mode, the pins P32 can be used as normal I/O ports.

2.9.1 Configuration
The SIO have the same configuration, except for the addresses/bit positions of the control/ status
registers and buffer registers.

SIO control/status registers

SIOCR1/SIOSR SIOCR2
T T T T

T T T T T T 1
1 1 1 1 1 1 1 | | 1 1 1 1 |
N Transmit and receive
g | V data buffer

Buffer control (8 bytes in DBR)

circuit

Control circuit

Shift register
7 6 5 4 3 2 1 0

T T T T T T SOpIn
r| Lo ||—>| L Serial data output

8-bit transfer

4-bit transfer Sl pin
1 serial data input

INTSIO  interrupt request

Serial clock SCK pin
O Serial clock I/0

Figure 2-36. Serial Interfaces

2.9.2 Control
The serial interfaces are controlled by SIO control registers (SIOCR1/SIOCR2). The serial interface status
can be determined by reading SIO status registers (SIOSR).
The transmit and receive data buffer is controlled by the BUF (bits 2-0 in SIOCR2). The data buffer is
assigned to addresses OFFOy - OFF7y in the DBR area, and can continuously transfer up to 8 words (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/receive mode) interrupt (INTSIO) is
generated.
When the internal clock is 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 SIOCR2).
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7 6 5 4 3 2 1 0
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SIOCR1 SI0 e .
0osa) [sios [ 39 SIOM | SCK | (Initial value : 0000 0000)
SI0S Indicate transfer start/stop 0:Stop
1: Start
. 0 : Continue transfer
I0INH T
510 Continue/abort transfer 1 : Abort transfer (automatically cleared after abort)
000 : 8-bit transmit mode
010 : 4-bit transmit mode
SIOM Transfer mode select 100 : 8-bit transmit/receive mode write
101 : 8-bit receive mode only
110 : 4-bit receive mode
000 : Internal clock fc/2"%or fs/2°[Hz]
001 : Internal clock fc/2® Outputon
SCK Serial clock select 010 : Internal clock fc/2° SCK pin
011 : Internal clock fc/2°
111 : External clock (input from SCK pin)
Note 1: fc,; High-frequency clock [Hz], fs ; Low-frequency clock [Hz]
Note 2 : SetSIOS to “0” and SIOINH to “1” when setting the transfer mode or serial clock.
Note 3: SIOCR1 is write-only register, which cannot access any of in read-modify-write instruction such as

bit operate, etc.

SIO Status Registers
6 5 4 3 2 1 0

SIOF Serial transfer operating 0 : Transfer terminated
status monitor 1 : Transfer in process read
SEF Shift operating status 0 : Shift operation terminated only
monitor 1 : Shift operation in process
SIO Control Registers 2
o854 3 2 1 0
SIOCR2 WAIT BUF | (Initial value: ***0 0000)
(0021)  reeeeeeerhiidon L 1
00:T¢ =Tp
. 01:Tf =2Tp
WAIT [ Wait control 10 T¢ =4Tp
11:T; =8Tp
Buffer address used
SIO .
000 : 1 word transfer OFFOy Write
001 : 2 words transfer OFFO - OFF1 only
BUF Number of transfer words 010 : 3 words transfer OFFO - OFF2y
011 : 4 words transfer OFFO - OFF34
100 : 5 words transfer OFFO - OFF4y
101 : 6 words transfer OFFO - OFF54
110 : 7 words transfer OFFO - OFF6y
110 : 8 words transfer OFFO - OFF7y
Note 1: *;don’tcare
Note2: WAIT isvalid only in the 8-bit transmit/ receive and 8-bit receive modes.
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Note3: Ty  frametime, Tp; data transfer time

sapin I LTI LTLTL

To

L

Tt

Note4 : The lower 4 bits of each buffer are used during 4-bit transfers. Zeros (0) are stored to the upper
4bits when receiving.

Note 5: 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 SIO, the first buffer address
transmitted is OFFOy.

Note 6 : The value to be loaded to BUF is held after transfer is completed.

Note7: SIOCR2 is write-only registers, which cannot access any of in read-modify-write instruction such
as bit operate, etc.

Figure 2-37. SIO Control Registers and Status Registers
(1) Serial Clock

a.Clock Source
SCK (bits 2 - 0 in SIOCR) 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 SCK
pin. The SCK pin goes high when transfer starts.
When data writing (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
fc/2®  [Hz] fs/2° [Hz] fs/2°[Hz] 0.95 Kbit/s 1 Kbit/s
fc/28 fc/28 - 30.5
fc/2° fc/2° - 122
fc/2° fc/2° - 244

Note : 1Kbit = 1024 bit
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automatically
| wait function |
|

SCK pin output Illlllll uul_luul_l

SO pin output \ 20 X a1 X a2 X a3 X bo X b1 X b2 X b3 X co X ¢
Written transmit / / /

1 1
data to the DBR a Xb ) &

Figure 2-38. Clock Source (Internal Clock)
@ External Clock
An external clock connected to the SCK pin is used as the serial clock. In this case, the P30
(SCK) output latch must be setto “1”. To ensure shifting, a pulse width of at least 4 machine
cyclesis required. Thus, the maximum transfer speed is 244K-bit/s. (at fc = 8 MHz).

sckpinineut — | [T |
tsekitsekn
tsekLs tsekH > 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 used to receive.

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

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

sckein | o 1 v 1| |

SO pin \_bito X bitt X bitz X bit3

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

(a) Leading Edge

sekoin L1 Lt Lt L_¢

S pin X bito X bitt X biz X bit3

Shift register el X Q*** X 10%* X 210* X3210
(b) Trailing Edge

Note : *,;don’tcare

Figure 2-39. 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 BUF 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 |||||I||
SO pin \aoxa1xazxa3

INTSIO interrupt "

(a) 1 Word Transmit

SO pin \ a X ar X a X a X bo X by X oo Xbs Xco X Xa X3

INTSIO interrupt "

(b) 3 Words Transmit

Sl pin X a X ar X a X a X bo X by X Xbs Xco Xov Xo Xz /

INTSIO interrupt "

(¢) 3 Words Receive

Figure 2-40. Number of Bits to Transfer (Example : 4-bit serial transfer)

2.9.3 Transfer Mode
SIOM (bits 5 - 3 in SIOCR1) is used to select the transmit, receive, or transmit/receive mode.

(1)  4-bit and 8-bit Transmit Modes

In these modes, the SIOCR1 is set to the transmit mode and then the data to be transmitted first
are written to the data buffer registers (DBR). After the data are written, the transmission is
started by setting SIOS to “1"”. 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.

When the internal clock is used, the serial clock will stop and an automatic-wait will be initiated
if the next transmitted data are not loaded to the data buffer register by the time the number of
data words specified with the BUF has been transmitted. Writing even one word of data cancels
the automatic-wait; therefore, when transmitting two or more words, always write the next
word before transmission of the 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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The transmission is ended by clearing SIOS to “0” at the time that the final bit of the data being
shifted out has been transferred. That the transmission has ended can be determined from the
status of SIOF (bit 7 in SIOSR) 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.

e clearsioOs

$10S _H | \

SIOF | \> | |
sciintowow) | [ LML

SOpin \ 20X 21 224 23K 2a X asX asX a7X boX b1 X b2 X bsX baX bs K bs X b
INTSIO interrupt "\ "
¥
DBR :x af b
b4

write write (a) Internal Clock
(a)

«——dearsios —————————>

$I0S fl l

SIOF _| |
SEF _I I_I

SCK pin (input)

SO pin \ 20X a1 X 224 a3 2a X asX acX a7X boX b1 X b2 X bsX baX bs X be Xo
INTSIO interrupt "\ "

DBR :Xa x\b

W”Tte Wﬁi e (b) External Clock
(a

ey

Figure 2-41. Transfer Mode (Example: 8-bit, 1 Word Transfer)

SCK pin I I
SIOF l

SOpin it X bit7 /

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

Figure 2-42. Transmitted Data Hold Time at End of Transmit
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(2) 4-bit and 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 Sl pin in synchronous with the serial clock.
When one word of data has been received, it is transferred from the shift register to 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 previous data 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 receiving of any more data will be canceled. When an external
clock is used, the maximum transfer speed is determined by the delay between the time when
the interrupt request is generated and when the data received have been read.

Clear SIOS to “0” to end receiving. When SIOS is 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.

Note : The buffer contents are lost when the transfer mode is switched. If it should become
necessary to switch the transfer mode, end receiving by clearing SIOS to “0”, read the last
data and then switch the transfer mode.

DBR

INTSIO interrupt

[e—————— clearsios

5105 _él / ___________________ l\\

SI0F 1 \ \(’I_
ser ] ] E—
S1 pin input

X2 X_b
Y v
Read out Read out

Figure 2-43. Receive Mode (Example : 8-bit, 1 Word, Internal Clock)

(3) 8-bit Transmit/Receive Mode
After setting the control registers to the 8-bit transmit/receive mode, write the data to be
transmitted first to the data buffer registers (DBR). After that, enable transceiving by setting
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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 to 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 interrupt service 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, always write 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.

When an external clock is used, the shift operation is synchronized with the external clock;
therefore, it is necessary to read the received data and write the data to be transmitted next
before starting the next shift operation. When an external clock is used, the 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.

Clear SIOS to “0” to enable the transmit mode. 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.

clear SIOS 1

|
I
SIOS i.

SIOF

SEF

SCK pin output

SO pin

I pin 2228 o K Ko K caXca Xes X ceX 7/ X doXdiXda X dsXdaX dsXde X o7

INTSIO interrupt ﬂ ﬂ

DBR X a c X b X d
p ¥ *‘ v

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

Figure 2-44. Transmit/Receive Mode (Example : 8-bit, 1word, internal clock)

SCK pin I I
SIOF |

SO pin bite X bit7 74
e lSODH i
tsopy =min. “4/fc [s] (In the NORMAL1/2, IDLE1/2 modes)
=min. 4/fs [s] (In the SLOW, SLEEPmodes)

Figure 2-45. Transmitted Data Hold Time at End of Transmit/receive
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2.10 8-bit A/D Converter (ADC)
The 87C814/H14/K14/M14 each have an 8-channel multiplexed-input 8-bit successive approximate type
A/D converter with sample and hold.

2.10.1 Configuration

Ladder resisters
................................................................................... 1
: R R/2 :
VAREF [+ W W W N ! 1 vass
I
STOP i
AINDS
Tap Decoder
Analoginput _._.Sample&Hold _ _ Reference
Multiplexer ! :
i i Voltage
1 1
AINO O—A i i
AIN1T O———8 i i 8
I I —_—T
AIN2 O——¢c¢ i ; i
I E
AN O——]p i i Analog
i i Comparator
AINa [}J—E Y 4
AINs O———F
AIN6 O—G Slamlfling Successive Approximate Circuit
cloc
AIN7 O———H gy
Shift clock
EN S
AINDS Control Circuit 8
8 SAIN ADS EOCF
4
P6CR ADCCR ADCDR
P6 port I/0 control register A/D Converter control register A/D Conversion result register

Figure 2-46. A/D Converter

2.10.2 Control
The A/D converter is controlled by an A/D converter control register (ADCCR).

A/D Conversion Result Register
7 6 5 4 3 2 1 0

ADCDR |

(000F) Read only
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A/D Converter Control Register

ADCCR ! 6 . 5. 4 3 2 1 0
(000E}) |EocF [ ADs | [AINDS | , __SAIN , | (nitial value :  00%00000)
0000 : AINO
0001 : AIN1
0010 : AIN2
0011 : AIN3
SAIN Analog input selection 0100 : AIN4
0101 : AIN5
0110 : AIN6
0111 : AIN7
1**%* . reserved RIW
i 0 : Enable
AINDS [ Analoginput control 1+ Disable
. 0 -
AD D
S A/D conversion start T D conversion start

EOCF End of A/D conversion flag 0 : Under conversion or Before conversion R
1 : End of conversion
Note1: *,don’tcare
Note2:  Selectanalog input when A/D converter stops.
Note 3 : The ADS is automatically cleared to “0” after starting conversion.

Note4:  The EOCFis cleared to "0” when reading the ADCDR.
Note5:  The EOCF is read-only.

Figure 2-47. A/D Converter Control Register and A/D Conversion Result Register

2.10.3 Operation
Apply analog reference voltage to pins VAREF and VASS.

(1) Start of A/D conversion
First, set the corresponding P6CR bitto “0” for analog input.
Clear the AINDS (bit 4 in ADCCR) to “0" and select one of eight analog input AIN7-AINO with the
SAIN (bits 3-0 in ADCCR).
A/D conversion is started by clearing the ADS (bit 6 in ADCCR) to “0”.
Conversion is accomplished in 46 machine cycles (184/fc [s] ).
The EOCF (bit 7 in ADCCR) isset to “1” at end of conversion.

Note : The pin that is not used as an analog input can be used as regular input/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 conversion, read the conversion result from the ADCDR.
The EOCF is automatically cleared to “0” when reading the ADCDR.
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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 ADCDR contents become indefinite.
However, if the STOP mode is started after the end of conversion (EOCF = 1), the ADCDR contents

are held.
ADS [ [
ADCDR X invalid X result Xinvalid X invalid X result
§<—conversion time—»z : ;«—conversion time—»?
184/fc [s] P 184/4cs]
EOCF | | | |
—o0——0 o—0 o
A A Ao A
rs r s s
e t e t t
a a a a a
d r d r r
t t t
Figure 2-48. A/D Conversion Timing Chart
Example:
; AIN SELECT
LD (ADCCR), 00000100B selects AIN4
; A/D CONVERT START
SET (ADCCR). 6 ;. ADS=1
SLOOP TEST (ADCCR). 7 ; EOCF=1?
JRS T, SLOOP
; RESULT DATA READ
LD (9EH), (ADCDR)
FFu T ——
R4
FEy T G '
Conversion FOu T o7
7
result R
A~ (.2
A:: B4
e f
03y T -
024 + —=
01y T 7 -
i 1 ] | (4 1 | 1 |
J . ! n T ! ) ! VAREF — VASS
0 1 2 3 253 254 255 256 — 55
Analog input voltage

Figure 2-49. Analog Input Voltage vs A/D Conversion Result (typ.)
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2.1 Pulse Width Modulation Circuit Output
87C814/H14/K14/M14 have 14 built-in pulse width modulation (PWM) channel. D/A converter output can
easily be obtained by connecting an external low-pass filter. PWM output is multiplexed with general
purpose |/O port as; P33 (PWM14). When P33 port is used PWM output, the corresponding bit output
latch should be setto “1”.

2.11.1 Configuration

PWM14

Q

S
R

_J Match signal
T
T

-
< (9]
i b
2 27
o
O 3 © 5
ha < — - F oy~
© < 2
C O+ ©
~ e c’s 4
v] £ 90 I - o
o © 25
v} ggY ©
<435 - L o
a
)

|
| rl
s,

T
T
1
T
1

T
T
i
T
1

PWM Data Buffer Register

T
T
1
T
1

Binary counter
13
7
7

7 ]s]s]a]3]2]1
[1
Compare circuit
{I} T T
PWM14 Data latch
T T T
Datatransf‘er bu‘ffer .
AN
[
T T T
PWMDBR
1 I !
Figure 2-50. Pulse Width Modulation Circuit

y
|
|

‘14|13[12]11|1o| 9
| |
Transfer control circuit
i 0
T
!

PWMEQT
7
T T T
00254 L
1 1 i
PWM Control Register
/PWM Status Register

T
PWMCR / PWMSR

3-14-77



TOSHIBA TMP87C814/H14/K14/M14

2.11.2 PWM Output Wave Form
(1) PWM14 output

This is 14-bit resolution PWM output and one period is Ty = 215/fc [s].
The 8 high-order bits of the PWM data latch control the pulse width of the pulse output with a
period of Tg (Ts = Tm/64). When the 8-bit data are decimal n (0 = n =255), this pulse width
becomes n x tg, where tg=2/fc.
The lower 6-bit of 14 bit data are used to control the generation of additional to wide pulse in each
Ts period. When the 6-bit data are decimal m (0 = m = 63), the additional pulse is generated in each
of m periods out of 64 periods contained in a Ty period. The relationship between the 6 bits data
and the position of TS period where the additional pulse is generated is shown in Table 2-10.

Table 2-10. Correspondence between 6 Bits Data and the Additional Pulse Generated TS Period

Bit position of 6 bits data Relative position of Ts where the output pulse is generated.
(No. i of T ;) is listed)
Bit0 32
Bit1 16, 48
Bit 2 8, 24, 40, 56
Bit 3 4, 12, 20, 28, 36, 44, 52, 60
Bit4 2, 6,10, 14, 18, 22, 26, 30, -+, 58, 62
Bit5 1,3,5,7,9 11,13, 15, 17,-+, 59, 61, 63

Note : When the corresponding bitis “17, it is output.

Tm =64Ts

Ts(0) Ts (1) Ts 63)

<—>| >l |<t0 >l |<t0
nxty

PWMIT4
L

Pulse width=nxtg Pulse width= (n+ 1) tg
< Ty —)-I

Note 1:  Itisshown to the additional pulse Ts 1) and Ts 3) of the PWM14.
Note 2 : Ts =29/fc (64us, fc =8 MHz).

Figure 2-51. PWM Output Wave Form
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2.11.3 Control
PWM output is controlled by PWM Control Register (PWMCR) and PWM Data Buffer Register (PWIMDBR).

The status of transfer PWM data from PWMDBR to PWM data latch is read by PWMEOT of PWM status
register (PWMSR).

PWM Control Register
7 6 5 4 3 2 1 0

PWMCR v R o e LS | (Initial value 0%+ 0000)
(0025H) e 1 1 1
PWS 8-bit PWM/PDO output 0 : 8bit PWM/PDO output
and 14-bit PWM out put 1 : 14bit PWM output
0000 : Lower 6-bit of PWM14 write
pwMDLs | PWM Select and Data 0001 : 8High-order bits of PWM 14 only
Transfer 1100 : PWM Data Transfer
others: reserved

PWM Status Register
7 6 5 4 3 2 1 0

PWMSR T R A T A LA AP AP L
(0025H) .............................................................................

PWM 0 : End of Transfer read
End of PWM data transfer flag 1 : Under Transfer only

PWMEOT

PWM Data Buffer Register
PWMDER 7 6 5 4 3 2 1 0
: : : : ; T ; ! |
(0026H) | : : : : : : : write only

Note : *: don’tcare

Figure 2-52. PWM Control Register / PWM Status Register / PWM Data Buffer Register
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(1) Programing of PWM Data
PWM output is controlled by PWM writing the output data to data latches.
For the writing the output data are divided using the PWM Control Register (PWMCR).

Select lower 6-bit of the data latch by PWMDLS.

Write PWM output data to the PWMDBR.

Select 8 high-order bits of the data latch by PWMDLS.

Write PWM output data to the PWMDBR.

Write “8CH" to the PWMCR.

When switching of the output data is completed, the end of PWM data transfer flag becomes
“0", indicating that the next data can be written. Do not write PWM data when the end of
PWM data is “1” because write errors can occur in this case.

auhWN =

Note : When writing the output data to PWM, write “8CH” to the PWMDLS after writing of the
14-bits output data is completed.

While the output data are being written to the data latch, the previously written data are being
output. The maximum time from the point at which “8CH" is written to the data latch until PWM
outputis switched is 215/fc (4.096 ms, at fc =8 MHz).

Example: PWM14 pin outputs 32 us pulse width without the additional pulse.
Note : at fc=8 MHz

LD (PWMCR), 80H ; Select lower 6-bit of PWM 14
LD (PWMDBR), 00H  ; Without the additional pulse
LD (PWMCR), 81H ; Select 8 high-order bits of PWM 14
LD (PWMDBR), 80H ;32 us +2/fc=80H
LD (PWMCR), 8CH ; PWM Data Transfer
WAITO: TEST (PWMSR). 7 ; PWMEOT =0?
JRS F, WAITO
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2.12 Vacuum Fluorescent Tube (VFT) Driver Circuit
The 87C814/H14/K14/M14 features built-in high-breakdown voltage output buffers for directly driving
fluorescent tubes, and a display control circuit used to automatically transfer display data to the output
port.

2.12.1 Functions
(1) 24 high-breakdown voltage output buffers built-in
® Digit output : 8to 16 (G0 to G15)
® Segmentoutput : 810 16(S0toS15)
S0 to S7 and GO to G7 can be selected by program (in units of bits).
The VKK pin is provided for VFT drive power supply.
(2) Dynamicdisplay, 8 to 16 segment x 1to 16 digits, can be selected by program.
(3) Pinsnot used forthe VFT driver can be used as general-purpose ports.
(4) Display data (32 bytes in DBR) are automatically transferred to the segment ports.
(5) Brightness level can be adjusted in eight steps using the dimmer function.
(6) Fourtypes(fc/212 to fc/29) of digit times (duty) can be selected.

2.12.2 Configuration

Address counter

DI*G & DI*M {}

Digit control circuit

Display data buffer
(32 bytes in DBR)

<

SEG —»] Segmentdata

reqgister
N
High-breakdown voltage output buffer
] ¥ ] ¥
G5 - G7 GO reeeeeeeeeees $15

Figure 2-53. VFT

2.12.3 Control
The VFT driver circuit is controlled by the VFT control registers (VFTCR1, VFTCR2 and VFTCR3. Reading
VFTSR determines the VFT operating status.
Switching the mode from NORMAL1/2 to SLOW or STOP puts the VFT driver circuit into blanking state
(BLK is set to “1" and EXEY is cleared to “0” ; values set in the VFT control registers except BLK and EKEY
are maintained), and sets segment outputs and digit outputs are cleared to “"0”. Thus, ports P5, P7 and P8
function as general-purpose ports.
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VFTCR1

(0029 | BLK

VFT control register 1

7 8.5 4 3 2 1 0
_____________________  DIM | spT | (initial value: 1++0 0000)
. 0: Displayenable
VFT display control 1: Disable
000 : (14/16) x tsegls]
. . 001 : (12/16) x tsegls]
Dimmer time select 010 : (10/16)xtseg[s]
011 : (8/16) x tsegls]
100 :  (6/16) x tseq(s]
101 : (4/16) x tsegls]
110 :  (2/16) x tsegls] write
111 : (1/16) x tseg(s] only
00: 2°/fc [s]
o 01: 2"/fc[s]
Digit time (tseg) select 10: 2"/fc[s]
11: 2"%/fc[s]

VFTCR2 7

Note 1 :
Note 2 :
Note 3 :

fc,; high frequency clock
«do’nt care

VFTCR1 is a write-only registers which cannot access any of in read-modify-write instruction such as

bit operate, etc.

VFT control register 2

6 5 4 3 2

(002A) |

DIGH

| (initial value:

0000 0000)

DIGH

Number of digits select
(on high side)
GX (lowside) is set by DIGL

0000 :
0001 :
0010 :
0011 :
0100 :

0101

1001

Outputs GO

Outputs GX to G1
Outputs GX to G2
Outputs GX to G3
Outputs GX to G4

: Outputs GX to G5
0110 :
0111 :
1000 :
: Outputs GX to G9
1010 :
1011 :
1100 :
1101 :
1110 :
1111 :

Outputs GX to G6
Outputs GX to G7
Outputs GX to G8

Outputs GXto G10
Outputs GXto G11
Outputs GXto G12
Outputs GXto G13
Outputs GX to G14
Outputs GX to G15

write
only

DIGL

Number of digits select
(on low side)

0000 :
0001 :
0010 :
0011 :
0100 :
0101 :
0110 :
0111 :
1000 :

1001
: :I reserved

1M1

GO
G1
G2
G3
G4
G5
G6
G7
G8

Note 1 :
Note 2 :
Note 3 :

If ports used for both digits and segments are used for segments and not for digits.

Even when GO only is used, DIGH and DIGL must be specified.

VFTCR2 is a write-only registers which cannot access any of in read-modify-write instruction such as

bit operate, etc.

Figure 2-54. VFT Control Register 1, 2
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DIG/SEG Select
Port P7 is an 8-bit segment/digit output port which can be configured as either a segment or a digit
in one-bit until under VFT control register (VFTCR3) control.
Port P7 is configured as a segment output if its corresponding VFTCR3 bit is cleared to “0”, and as a
digit outputif it corresponding VFTCR3 bitissetto “1”.

VFT Control Register

Vg 76 5 4 3 2 1 0
(002By) | : ; : : ; : : | (Initial value 0000 0000)
GO Gl G2 G3 G4 G5 G6 G7
S7 S6 S5 S4 S3  S2 SISO

Figure 2-55. VFT Control Register 3

VFT Status Register

7
VFISR  [—— e e e e e e
(0029H) H H M H H M H

WAIT | display operational status 0 : VFT display in operation read
momiter 1 : VFT display operation disabled only

Figure 2-56. VFT Status Register
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(1) Display mode setting

Select digit time using the VFT control register 1 (VFTCR1) and the number of digits and the SEG/DIG
port using VFT control register 2 (VFTCR2) and number of segments port using port when BLK in

VFTCR1is 1.

Select dimmer time (digit output time) with DIM in VFTCR1.

(2) Display data setting

Data are converted into VFT display data by instructions. The converted data stored in the display
data buffer (addresses OF80 to OF9F in DBR) are automatically transferred to the VFT driver circuit,
then transferred to the high-breakdown voltage output buffer. Thus, to change the display pattern,
just change the data in the display data buffer.
Bits in the VFT segment (dot) and display data area correspond one to one. When data are set to 1,
the segments corresponding to the bits light. The display data buffer is assigned to the DBR area
shown in Figure 2-57. (The display data buffer can not be used as data memory) .

segment

bit 0123456701234567

_______ oFg0 _____|_____om1 _____|
_______ ore2 ___ | ____ore _____|
_______ orga ____|_____OF5 |
_______ OFg6 ____| ____OF87 |
_______ OFgg | ____OF89 ____|
|_____oreA | OF8B _____]
_______ OFgC _____|_____or8D _____|
_______ OF8e ____| ____OFsF |
_______ OFe _____|_____om _____|
_______ oF92 ____|_____om3 _____|
_______ OF94 ____|_____0Oms _____|
_______ oF%e _____| ____om7 _____|
_______ OFo8 ____|_____0m9 _____|
L5 SN R OF%8 _____]
_______ OF9c _____]_____OFD _____|
OF9E OF9F
SO — s7 s8 — si5

digit
GO
G1
G2
G3
G4
G5
G6
G7
G8
G9
G10
G11
G12
G13
G14
G15

Figure 2-57. VFT Display Data Buffer Memory (DBR)
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2.12.4 Display Operation
Clearing BLK in VFTCR1 to 0 after setting the display mode and storing display data starts VFT display.
Figures 2-58 and 2-59 show the VFT drive waveforms.

Dimmer time
- —

G15 I | [
G14 [ ]
G13 [ ]

G1 [
ses X X X N G X

Mo

tseg [s]

Figure 2-58. VFT Drive Waveform (with 9 Segments and 15 Digits)

Digit cycles change depending on the number of digits set. (Example: with Gn to Gm)

Dlmmer tlme

Gn-1 I I

an I
SEG X X TTTTM T X

| N | W —

tseg [s]

|<— DIM [s] ::L

Gn = F toft = tsec/16 [s]

|

X X
|

Gn-1

|
1
1
1
1
i
SEG X
|
|

tseg [s]

Figure 2-59. VFT Drive Waveform (with XX Segment and Gn to Gm) and Switchover Time
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2.12.5 PortFunction

(1) High-breakdown voltage buffer
To drive fluorescent display tube, clears the port output latch to 0. The port output latch is initialized
to 0 at reset.
Itis recommended that ports P5, P7 and P8 should be used as VFT driver output. Precavtion for using
as general-purpose I/0 pins are follows.

@® P7,P8ports
When ports P7, P8 are used as general purpose 1/O pins, the data buffer memory (DBR) which
correspond to the pins as also used as segments shoud be clead to “0".

When that pins are pulled down to the VKK pin internally (Rk =80 kQ typ. Pins P87 to P84 can be
connected pull-down resisters by mask option.) which using as general purpose I/O pin, caution is
required.

(a) Atoutput:
For low-level output, the port pulled down to the VKK pin becomes VKK pin voltage. Thus, to
prevent VKK pin voltage from being applied to the external circuit, clamp using a diode as
shown in Figure 2.60 (a).

(b) Atinput:
For external data input, clear the port output latch to 0.
The input threshold value is the same as those of other general-purpose I/O ports; however, the
portis pulled down to the VKK pin. Therefore, use a suffienctly large Rk (typical: 80 kQ).

gVDD VDD
[ —>—
R R
Rk Ri
1 VKK 77 ; 1 VKK 7 7;
~ ~
R1 R1
(a) Atoutput (b) Atinput

Figure 2-60. External Circuit Interface
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INPUT/OUTPUT CIRCUITRY

(1) Control pins
The input/output circuitries of the 87C814/H14/K14/M14 control pins are shown below.
Please specify either the single-clock mode (oscillation only XIN/XOUT) or the dual-clock mode
(oscillation both XIN/XOUT and XTIN/XTOUT) by a code (NM1 or NM2) as an option for an operating
mode during reset.

CONTROL PIN /0 INPUT/OUTPUT CIRCUITRY and code REMARKS
Osc. enable —»iDO_ fc
Resonator connecting pins
M D (high-frequency)

Rt =1.2MQ  (typ)
Ro =1.5 kQ (typ)

XIN Input vDD N Rt N v
XouT Output 0
XIN XOUT

NM1 N2
XTEN Resonator connecting pins
Osc. enable —)iDEF__&_, fs (low-frequency)
XTIN Input | Refer Rt =6MQ (typ.)
XTOUT Output |t0 Wy Ro =220kQ  (typ.)

port P2 vDD R¢ vDD
R Ro
XTIN XTOUT
VDD Sink open drain output
Rin Hysteresis input
R
RESET 1’0 Address-trap-reset —>|_\__\ Pull-up resister
Watchdog-timer-reset _)j_l—/ I Rin =220kQ  (typ.)
System-clock-reset

R =1kQ (typ.)

]
— Do—]

STOP/INT5 Input g R Hysteresis input

P20 < R =1kQ  (typ)

STOP/INTS @I
VDD
% Pull-down resister

TEST Input ] Riv =70k (typ)

27/;30
2

R =1kQ (typ.)

Note1 : The TEST pin of the 87PM 14 does not have a pull-down resister.
Note2 : The 87PM14 is placed in the single-clock mode during reset, and the input/output circuitries are the code NMI
type.
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(2)-® Input/Output Ports

The input/output circuitries of the 87C814/H14/K14/M14 input / output ports are shown below, any

one of the circuitries can be chosen by a code (A, B) as a mask option.

PORT /0 INPUT /OUTPUT CIRCUITRY REMARKS
initial “Hi-z" VDD Tri-state 1/O
PO
/10
P6 disable =< R
1
~J
initial “Hi-z" VDD Tri-state 1/O
Hysteresis input
P1 /0
disable 5 R
/@, R=1kQ (typ.)
P20 P21, P22 Sink open drain output
initial “Hi-2" initial “Hi-2" veb
P2 110
—>o— [ | R=1kQ
R
A §
~J <,|
initial "Hi-z" Sink open drain output
P3 170 R Hysteresis input
@ R=1kQ (typ.)
initial “Hi-z" vbD
P5 —>0—] .
EI Source open drain output
P7
/0 .
R¢ R High-break down voltage
P80 Rk =80kQ (typ.)
VKK =
to P 77|; R=1kQ (typ.)
P83 ~d R1=200kQ (typ.)
R1
A B
initial “"Hi-2"  \,pp initial "Hi-Z*  \pp Source open drain output
P84 "o — > >0 High-breakdown voltage
to Rk =80 kQ (typ.)
P87 R R
Rk R=1kQ (typ.)
| 77[;' R1 =200 kQ (typ.)
A 771; - VKK
~ ~J
R1 R1
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ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS (Vss=0V)
PARAMETER SYMBOL PINS RATINGS UNIT
Supply Voltage Vpp -0.3t06.5 \Y
Input Voltage Vin -0.3toVpp+0.3 \'
Vout1 |PO,P1,P2, P3, P6, XOUT, RESET -0.3toVpp+0.3
Output Voltage - \
Vout2 [ Source open drain ports Vpp—-40~Vpp +0.3
louT1 PO, P1, P2, P3, P6 3.2
Output Current (Per 1 pin) lout2 |P8 -12 mA
louts | P5, P7 (digit outputs) -25
Output Current (Total) >loyrs [P0, P1, P2, P3, P6 120 mA
Sloyt2 |P5, P7, P8 -120
Power Dissipation [Topr = 25°C] PD 600 mw
Soldering Temperature (time) Tsld 260(10) °C
Storage Temperature Tstg -551t0125 °C
Operating Temperature Topr -30t0 70 °C
RECOMMENDED OPERATING CONDITIONS (Vss=0V, Topr= -30t070°C)
PARAMETER SYMBOL PINS CONDITIONS Min. Max. UNIT
NORMAL 1, 2 modes
fc=8 MHz 4.5
IDLE1, 2 modes
Supply Voltage Vbp fs = SLOW mode 5.5 \"
2.7
32.768 kHz SLEEP mode
STOP mode 2.0
Output Voltage VouT2 |Source open drain ports Vpp - 38 Vpp \"
Vi1 Except hysteresis input Vpp x0.70
. Vpp=Z4.5V
Input High Voltage Vin2 | Hysteresis input Vppx0.75 Vbp v
Vi3 Vpp<4.5V Vpp x 0.90
Vi1 Except hysteresis input Vpp % 0.30
Vpp=4.5V
Input Low Voltage Vi2 | Hysteresisinput 0 Vppx0.25 | V
V||_3 Vpp<4.5V VDDXO.1O
fc XIN, XOUT Vpp=4.5V~5.5V 0.4 8.0 MHz
Clock Frequency
fs XTIN, XTOUT 30.0 34.0 kHz

Note : Clock frequency fc : Supply voltage range is specified in NORMAL 1/2 mode and IDLE 1/2 mode.
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D.C. CHARACTERISTICS

(Vss =0V, Topr= - 3010 70°C)

PARAMETER SYMBOL PINS CONDITIONS Min. | Typ. | Max. | UNIT
Hysteresis Voltage Vys [ Hysteresisinput - 0.9 - \
In1 | TEST Vpp=5.5V
Input Current Iin2 | Open drain ports, Tri-state ports | V|y = 5.5V/0V - - +2 pA
s | RESET, STOP
Input Resistance Rin2 | RESET 100 | 220 | 450
) R1 . Vpp =5.5V, Voyr=5.5V - 200 - kQ.
Pull-down Resistance Source open drain ports
Rk Vpp =5.5V, V= — 30V - 80 -
ILo1 [Sink opendrain ports Vpp=5.5V, Voyr=5.5V - - 2
Output Leakage -
Current lLo2 | Source open drain ports Vpp=5.5V, Voyr= -32V - - -2 LA
lLoz | Tri-state ports Vpp =5.5V, Voyr=5.5V/0V - - +2
Output High Voltage Vonz | Tri-state ports Vpp=4.5V, lopy= -0.7mA 4.1 - - v
Vous | P8 Vbp=4.5V, loy = -8 mA 24 - -
Output Low Voltage VoL | Except XOUT Vpp=4.5V,lg.=1.6 mA - - 0.4 \Y
Output High current loy |P5,P7 Vpp=4.5V, Vo =24V - -20 - mA
Supply Currentin VDD =5.5V
NORMAL 1, 2 modes fc=8MHz - 10 | 16
Supply Currentin fs = 32.768 kHz mA
IDLE 1, 2 modes VIN = 5.3V/0.2V - | 45| 6
Supply Currentin
SLgsvymode 'oo Voo =3.0V - 30 60
Supply Currentin fs=32.768 kHz #A
SLEEP mode Vin=2.8V/0.2V - 15 30
Supply Currentin Vpp=5.5V
STOP mode V|y = 5.3V/0.2V - 05 | 10 | #A
Note 1:  Typical values show those at Topr=25 °C, Vpp =5V.
Note2:  InputCurrentliyg lin3,; The current through resistor is not included, when the input resistor (pull-up/pull-down) is
contained.
Note 3:  Input Current liy4,; The current when the pull-down register (Rk) is not connected by the mask option.

A/D CONVERSION CHARACTERISTICS

(Vss=0V, Vpp=4.5t05.5V, Topr= -30t070°C)

PARAMETER SYMBOL CONDITIONS Min. Typ. Max. | UNIT
VAREF Vpp— 1.5 — Vbp
Analog Reference Voltage VaRer — Vass = 2.5V \Y
Vass Vss - 1.5
Analog Input Voltage Vain Vass — V AREF \
Analog Supply Current IREF Varer= 5.5V, Vags = 0.0V - 0.5 1.0 mA
Nonlinearity Error — — 1
Vpp=5.0V, Vgs=0.0V
Zero Point Error — — 1
Varer = 5.000V LSB
Full Scale Error — — +1
Vass = 0.000V
Total Error — - +2

Note : Total errors includes all errors, except quantization error.
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A.C. CHARACTERISTICS (Vss =0V, Vpp=4.5t0 5.5V, Topr= -301t070°C)
PARAMETER SYMBOL CONDITIONS Min. Typ. Max. UNIT
In NORMALT1, 2 modes
0.5 - 10
In IDLE 1, 2 modes
Machine Cycle Time tey us
In SLOW mode
117.6 - 1333
In SLEEP mode
High Level Clock Pulse Width twen | For external clock operation 5
- - ns
Low Level Clock Pulse Width twe, | XINinput), fc=8MHz
High Level Clock Pulse Width twsH For external clock operation 147 -
) . - - “s
Low Level Clock Pulse Width tws | XTINinput), fs = 32.768 kHz

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

Oscillation Recommended Constant
PARAMETER Oscillator Recommended Oscillator
Frequency Cy C
8 MIHz KYOCERA KBR8.0M
Ceramic Resonator KYOCERA KBR4.0MS 30pF 30pF
4 MHz
High-frequency MURATA CSA 4.00MG
Oscillation
8 MHz TOYOCOM 210B 8.0000
Crystal Oscillator 20pF 20pF
4 MHz TOYOCOM 204B 4.0000
Low-frequency )
S Crystal Oscillator 32.768 KHz NDK MX-38T 15pF 15pF
Oscillation

XTIN XTOUT

i

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

Note : An electrical shield by metal shied plate on the IC package should be recommend able in order to prevent the device
from the high electric fieldstress applied for continuous reliable operation.
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