TOSHIBA TMP87CM39/P39/539

CMOS 8-BIT MICROCONTROLLER
TMP87CM39N, TMP87CP39N, TMP87CS39N

The 87CM39/P39/539 are the high speed and high performance 8-bit single chip microcomputers. These MCU
contain CPU core, ROM, RAM, input / output ports, six multi-function timer / counters, serial bus interface, on-
screen display, PWM outputs, 8-bit A/D converter, remote control signal preprocessor, and two clock
generators on a chip.

PART No, ROM RAM PACKAGE _ OTP
_TMP87CM39N_| 32Kbytes | __1Kbytes __| .
| TMPB7CPIIN | sekbytes | bytes SDIP64 TMP87PS39N
TMPB7CS39N 60K bytes

FEATURES
4 8-bit single chip microcomputer TLCS-870 Series

@ Instruction execution time : 0.5 xs (at 8 MHz), 122 45 (at 32.768 kHz) | spipea-p-750
#9412 basic instructions
¢ Multiplication and Division (8 bits x 8 bits, 16 bits+ 8 bits)
@ Bit manipulations
(Set/Clear /Complement/Move / Test / Exclusive or)
® 16-bit data operations
® 1-byte jump / subroutine-call (Short relative jump / Vector call)
# 15 interrupt sources (External : 6, Internal: 9)
® All sources have independent latches each,
and nested interrupt control is available.
® 4 edge-selectable external interruptswith noise reject
® High-speed task switching by register bank changeover
@ Program Corrective Function

.

38 Input/ Output ports (55 pins) mﬁg%ﬁ"
® High current output : 4 pins (typ. 20 mA) TMPS7CS39N
€ Two 16-bit Timer / Counters TMP87PS39N

® Timer, Eventcounter, Programmable pulse generator output,

Pulse width measurement, External trigger timer, Window modes
#Two 8-bit Timer / Counters
® Timer, Eventcounter, Capture (Pulse width / duty measurement) modes
@ Time Base Timer (Interrupt frequency : 1 Hzto 16 kHz)
@ Divider output function (frequency : 1kHz to 8 kHz)
¥ Watchdog Timer
@ interrupt source /reset output (programmable)
#Serial Bus Interface
® [2C-bus, 8-bit SIO modes
Selectable two 1/0 channels
@ On-screen display circuit

® Character patterns 1 256 characters

® Characters displayed 1 24 columns x 12 lines

¢ Composition : 14x18dots

® Size of character ¢ 3kinds (line by line)

® Color of character : 8kinds (character by character)

® Variable display position : Horizontal 128 steps, Vertical 256 steps

® Fringing, Smoothing function
@ D/A conversion (Pulse Width Modulation) outputs
® 14-bit resolution (1 channel)
® 7-bit resolution (9 channels)
@ 8-bit successive approximate type A/D converter with sampie and hold
® 8 analog inputs
® Conversion time : 23 x5 at 8 MHz
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TOSHIBA - TMPB7CM39/P39/538

4@ Remote control signal preprocessor
@ litter Elimination
@ Dual dlock operation
® Single / Dual-clock mode (optlon)
4@ Five Power saving operating modes
® STOP mode : Oscillation stops. Battery / Capacitor back -up. Port output hold / high-impedance.
® SLOW mode: Low power consumption operation usmg low-frequency clock (32.768 kHz).
@ IDLE1 mode : CPU stops, and Peripherals operate using high-frequency clock. Release by interrupts.
¢ IDLE2 mode : CPUstops, and Peripheralsoperateusing high and Iowfrequencyclock
Release by interrupts. -
® SLEEP mode: CPU stops, and Peripherals operate using Iow-frequency clock. ‘Release by interrupts.
@ Wide operating voltage .:  2.7t05.5V-at 32.768 kHz, 4.5 to 55Vat8 MHz ‘
& Emulation Pod : BM87CS39NOA

Purchase of TOSHIBA 1°C components conveys a license under the Philips 1°C Patent Rights to use these components
in an IC system, provided that the system conforms to the °C Standard Specification as defined by Philips. ’

3-39-2
B 9097249 003L42k 175 WM



TOSHIBA TMP87CM39/P39/539
PIN ASSIGNMENTS {TOP VIEW)
g Vss—=l 1 ~" 64 Jl«—vDD
SDIP64-P-750 Po6 <= 2 63 [J<—>p0S
_ PO7-=— 3 62 [J«—>P04
(INTO) P10~—{] 4 61 [J~>p03
(INT1)P11 <[] 5 60 [J~—=-P02
(INT2TC)P12=<—>[] 6 59 [J<—>=P01
(DVO) P13 [l 7 58 [J=> P00
(PPG)P14~—[] 8 57 [J=>P36 (5CK0)
(TC)P1S<~—>[| 9 56 [=—>P35 (SDA0/S00)
P16 <[] 10 55 [J=—>P34(SCLO/SI0)
P17 <[] 11 54 {J=—>P33(TC4)
(PWMQ) P40 <[] 12 53 [J=<—>P32 (INT4)
(PWM1) P41 =[] 13 52 [J=—>P31(TC3)
(PWM2) P42 ~—=[| 14 51 J=—>P30 (INT3/RXIN)
(PWM3) P43 <[} 15 50 [J-~—>pP22 (XTOUT)
(PWN4) P44 <—>[| 16 49 [J=—=P21 (XTIN)
(PWMB) P45 <—>{] 17 48 [~->P20 (INT5/35TOP)
(PWMb) P46 <—>{] 18 47 [l«—RESET
(PWM7) P47 <[] 19 46 [ xouT
(PWMB) P50 ~—=[} 20 45 J<—xXIN
(PWNI9) P51 <[] 21 44 [Je—oTTEesT
(AINOD) P52 =—>[} 22 43 [J—=~05C2
(AIN1) P53 <—{] 23 42 [J=—o0s5¢1
(AIN2) PS4 ~—>[] 24 41 [=—>p74 (5CK1)
(AIN3) PS5 <[] 25 40 [J==> P73 (SDA1/501)
(AIN4) P56 <—>[] 26 39 [J=—>p72 (SCL1/5i1)
(AINS) P57 <—>[] 27 38 [J=—>P71(VD)
(AIN6) P60 <—=[] 28 37 [J=—=F70 (HD)
(AIN7) P61 <—>[| 29 36 [J<—=P67 (Y /BL)
(CSOUT) P62 <—={] 30 35 [l«—->P66 (8)
P63 -—>{] 31 34 {}=>P65(G)
- vss—{] 32 33 [l~—>P64 (R) w61 bra
BLOCK DIAGRAM o A
T
Display Character
Memory ROM ;’BLR .
Osc. connecting PO G
ins for | I
En_sc,ee,, {8:52' IL On-screen display circuit
display 1 | 0
I_J
| T 1T IT 1T
PowerSupply{‘(l[;g_: i P s w LStackPointeﬁ Data Memory Program
Flogs I - l £\ (RAM) corrective circuit

Register Banks

Resetl/O  RESET Program Counter
System Controller
TestPin TEST
Interrupt Controller o
—>|  Standby Controller T T 1 Program Memory
Time Base 16-bit 8-bit (ROM)
Timing Generator Timer Timer /Counter Timer / Counter T
2 e { XIN High Tc1 | 1e2 T3 | Tca
onnectin, = —
Pins 9\ xour frequ. Clock L(F Inst. Register
~ H
Low Generator
i
1 Ay
| L T T TT
m m 277 Video P3 LRemote L\ Serial Bus
Converter Signal = Control Signal Interf
(PWM) Qutput | preprocessor CHO | cH? i
N S ——
P20 P47 P57 P63 P17 P36
to to to to 1o 10
P22 P40 P50 P60 P10 P30
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TOSHIBA TMP87CM39/P39/539
PIN FUNCTION
PIN NAME Input/Output Function
P07 to POO vo Two 8-bit programmable input / output
P17, P16 Vo ports (tri-state).
Fo(nputy Each bit of these ports can be
individually configured as an input or
VO (Output) an output under software control. i
........................... During reset, all bits are configured as Dwneroutput
inputs. External interrupt input 2 or
puts. . Timer/Counter 1INBUL .. .. ..ccoommresrrrisrienns
110 (Input) When used as a divider output or a PPG External interruptinput 1
output, the latch must be set to PP e e
P10 (INTO) : External interruptinput 0
P22 (XTOUT /O (Output. L R Resonator connecting pins (32.768 kHz). For
{ L it ( ...... p) ........ 3-bit input/output port with latch. inputting external clock, XTIN is used and
. When used as an input port, the latch XTOUTISOpened ...............................................
e 1O (input) External interruptinput 5 or STOP mode
P20(TNT5/5TOP) must be set to “17. Bt
P36 (5CK0) 10 (1/0) ial clock input/ output 0
.'.'? (uo .I.?f’f'?f? ...... 7-bitinput/ output port with latch.
YO (VO /input) | When used as an input port, a serial bus
"""""""""""""" interface input / output, a timer /.
counter input, a remote control signal
VO (input) preprocessor input, or an external

1O {Input /input)

interrupt input, the latch must be set to

Timer / Counter 3 input

B

External interruptinput 3 or remote control

(INT3/ RXIN) signal preprocessor input
8-bit programable input / output port

P47 (PWM7) (tri-state). Each bit of this port can be bit D/A con (PWM

to P41 (PWMT) individually configured as an input or an 7-bit D/A conversion ( ) outputs

S WO(Output) | output under software control. DUANG | ...
reset, all bits are configured as inputs.

P40 (PWW0) When used as a PWM output, the latch | 14-bit D/A conversion (PWM) output
must be setto "17.

P57 (AINS) 8-bit programable input / output port .

16 P52 (AINO) 1O (Input) (tri - state) . AJ/D converter analog inputs

""""""""""""""""""""""""""""" Each bit of this port can be individuall

PS1 (PWM9) configured as :n input or an out u‘:

"""""""""""""" 170 (Output) 9 P p 7-bit D/A conversion (PWM)-outputs

P50 (FWMB) under software control.

When used as an input port, analog
input, or a PWM output, the latch must
besetto "1”.
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TOSHIBA

TMP87CM39/P39/539

input or an output under software
control. During reset, all bits are
configured as inputs. When used as the

PIN NAME Input/Output Function
P67 (Y/BL) 8-bit programable input / output port ;?Jizﬁngnal output or Background blanking control signal
N rereaanaaieaas (P67 to P64 : tri_state' P63 to P60 : High ...........................................................................
PGG(B) ________________ current output). Each bit of this port
P65 (G) #0 (Output) can be individuaily configured as an RGB outputs

When used as an input port, a serial bus
interface input/ output, or a vertical
synchronous signal input and horizontal
synchronous signal input, the latch must
besetto*1”.

P63
--------------------------- [Is] R, G, B, Y/BL outputs of on-screen .
High current
PoASSOUD) display circuit, each bit of the P6 port OEW o
P61 (AINT) data selection register (bits 7to 4 in
"""""""""""""" /O (Input) address 0F91y) must be setto “1°. fMD converter analog
P60 (AING6) inputs
P74 (3CKT) 110 (1/0) 5-bitinput/ output port with latch. $10 serial clock input / output 1

........ e YO (Input)
P70 (HD) Horizontal synchronous signal input
Q5C1, 0sC2 Resonator connecting pins for on-screen display circuitry.

........................... II'IpUt, Output

XIN, XOUT Resonator connecting pins. For inputting external clock, XIN is used and XOUT is apened.

RESET I{s] Reset signal input or watchdog timer output/ address-trap- reset output/system-clock-reset output.
TEST Input Test pin for out-going test. Be tied to low.

vDD, Vss Power Supply +5V, 0V(GND)
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TOSHIBA

TMP87CM39/P39/539

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 capabl

e of addressing 64K bytes

of memory. Figure 1-1shows the memory address

maps of the 87CM39/P39/533. In the TLCS-870 Series, the memory is organized 4 address spaces (ROM,

RAM, SFR, and DBR). It uses a memory mapped /O system, and all /O 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 0l
SFR [ O0n | gabytes | SR [ 00004 1 g4 bytes
0Q3F 003F
0040 0040 .
: : Register banks
: 128 bytes 128 bytes | | (8 registers x 16 banks)
00BF 00BF : . P .
goco | RAM 00go [ Note: ROM; ReadPOnIy Memory includes:
RAM | i | 896 bytes rogram memory
: 1920 bytes 0 43:F 4 RAM;  Random Access Memory includes:
08f3F ~ ~ Data memory
F =~ T By Stack
: ? > : : :
OF80 0F80 General-purpose register banks
DBR 128 bytes DBR 128 by tes SFR; Special Function Register includes:
: i ¥O ports
OFFF OFFF po .
: = = : : H Peripheral control registers
[ ~ N i Peripheral status registers
(1 41880) N ~ System control registers
: : : Interrupt control registers
80?0 Program Status Word
ROM (Se: ROM DBR;  Data Buffer Register includes:
|g\1[§ ) (See On-Screen-Display (05D} control
’ Figure registers
: i 1-2) Remote-Controf signal
FF F;F FE I'TF preprocessor control/ status
87CS39/87CP39 87CM39 registers
Figure 1-1. Memory Address Map
1100y
40004
60928 bytes
: ‘I’ T 48896 bytes 8000y J___—__j.
H ' 32512 bytes -
R e I ......................... I
192 bytes T 192 bytes
FFBF
e I B e Vector table for vector call
FEDF | 32bytes f | 32bytes . istructions (16 vectors) | E7UY 2rea for
FFEO Vector table for interrupts/ page call
FEFF 32 bytes 32 bytes reset (16 vectors) instructions
87C539 87CP39 87CM39
Figure 1-2. ROM Address Maps
3-39-6




TOSHIBA TMP87CM39/P39/539

1.2 Program Memory (ROM)
The 87CM39 has a 32K bytes (addresses 80004 to FFFFY), the 87CP39 has a 48K bytes (addresses 40004 to
FFFFh), and the 87C539 has a 60K bytes (addresses 1100y to FFFFy) of program memory (mask
programmed ROM). Addresses FFOOy to FFFFy in the program memory can also be used for speciai
purposes. Figure 1-2 shows the ROM address maps of the 87CM39/P39/539.

(1) Interrupt/ Reset vector table (addresses FFEQy to FFFFy)
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} Vector table for vector call instructions (addresses FFCOy to FFDFy)
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 FFOO to FFFF) for page call instructions
This is the subroutine entry address area for the page call instructions [CALLP n]. Addresses FFOOH-
FFBFy are normally used because address FFCOH to FFFFy 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 caunter (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 | 1100, contents
jump instructions and the PC, Sooo
_hi _ ive i ” A‘Example: The relationship
@ 5-bitPC rs:-latlvejump [JRS cc, $+2+d] between ROM Contents
E8C4H: JRS T, $+2+08H FrG0 and Call group
When JF = 1, the jump is made to ESCER, instructions/Interrupt/
which is 08y added to the contents of the Reset
PC. (The PC contains the address of the Fr T
instruction being executed +2; | FF7B | T CALLP 78H  ; PCeFF7By
therefore, in this case, the PC contents FFBF
are E8C4y +2 =E8C6H.) FFCO | . call vector(t}) 156 CALLV OH ; PCe-C856y
@ 8-bit PC-relative jump [JR cc, $+2 +d] FFC1 | callvector(H) |C8
E8C4H: JR Z, $+2+80H FFC2
When ZF = 1, the jump is made to E846y, H
which is FF80y (-128) added to the :
FFDF
currgnt content§ ofthe PC. FFEQ [interruptvector(L)| 68 INTS ; PCe- D368y
@ 16'b|t absolutejump [JP a] RS R ER N
FFE1 finterrupt vector (H)| D3
E8C4H: JP 0C235H FFE2
An unconditional jump is made to
address C2354. The absolute jump FFF;D
instruction can jump anywhere within FFFE | resetvector(l) |3g RESET . PCeCO3E,
the entire 64K-bytes space. FFFF | resetvector(H) | cCO

In the TLCS-870 Series, the same instruction
used to access the data memory (e.g. [LD A,
(HL)]) is aiso 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 jJump processing can easily be programmed.

Figure 1-3. Program Memory Map

3-39.7
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TOSHIBA

TMP87CM39/P39/539

Example 1 Loads the ROM contents at the address specified by the HL register pair
contents into the accumulator (HLZ 1100, for 87C539):
LD ‘A, (HL) ; A<-ROM (HL)
Example2 : Converts BCD to 7-segment code (common anode LED). When A = 054, 924 is
output to port PS after executing the following program: a
ADD A, TABLE-$-4 ; P5«ROM (TABLE +A) =
D (PS), (PC+A) f @&@b
JRS T, SNEXT ; Jump to SNEXT e gc
TABLE: DB 0COH, OF9H, 0A4H, OBOH, 99H, 92H, 82H, 0D8H, 80H, 98H W=V oh
SNEXT :
SHLC A
Notes : “3$”is a header address of ADD instruction. - P (PC+A)
DB is a byte data difinition instruction. 35
C2
Example3 : N-way multiple jump in accordance with the contentsof ~ |-----2 z_ g -------
accumulator (0= A= 3): 37
SHLC A ; if A=00y then PC«C234y [TTTTTBATTTTT
P (PC+A) if A=01y then PCC378y  f-m-o-d E _? .......
if A=024 then PCeDA37y ]

if A=03y then PC<E1BOH
DW 0C234H, 0C378H, 0DA37H, GE1BOH

lNote : DWisa 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 FFFER) 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 FFFEy,
respectively, the execution starts from address CO3E 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 C123y is being
executed, the PC contains C1254.

MmsB

LB
1514131211109 8 7 6 5 4 3 2 10 PC Contents :X 2 X ar! X a+2 X aix:

Program Counter (PC)

PCy

PC, Instruction Execution X a-2 X a-1 I a ra +1

(a) Configuration (b} Timing chart of PC Contents and Instruction Execution

Figure 1-4. Program Counter
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TOSHIBA ' TMP87CM39/P39/539

1.4 Data Memory (RAM)

The 87CVI39 has a 1 K bytes (addresses 0040y to 043Fy) of data memory, and the 87CP39/CS39 have a 2 K
bytes (address 0040y to 083Fy) of data memary. Figure 1-5 shows the data memory map.

Addresses 0000y to 00FF are used as a direct addressing area to enhance instructions which utilize this
addressing mode; therefore, addresses 0040y to 00FF in the data memory can alsa be used for user flags
or user counters. General-purpose register banks (8 registers x 16 banks) are also assigned to the 128
bytes of addresses 0040y to 00BFy. Access as data memory is still possible even when being used for
registers. For example, when the contents of the data memory at address 0040 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”.

Example 1 . If bit 2 at data memory address 00COH is “1”, 00y is written to data memory at
address 00E3y; otherwise, FF is written to the data memory at address 00E3p:
TEST (00COH).2 ; if (00COH) 2 =0 then jump
JRS T,SZERO
CLR (00E3H) ; (00E3R) « 00
JRS T,SNEXT
SZERO : LD (O0E3H), OFFH ; (OOE3W) «FFy
SNEXT : ’
Example 2 : Increments the contents of data memory at address 00F5y, and clears to 00y when
10y is exceeded:
INC (OOF5H) ; (O0F5p) « (00F54) + 1
AND (OOF5H), OFH ; (OOF5W) ¢ (00F5H)AOFH

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 : The general-purpuse registers are mapped in the RAM ; therefore, do not clear RAM at the
current bank addresses.

Example1l : Clears RAM to “001"” except the bank 0 (87CM39):

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

LD A, H ; Setsinitial data (00H) to A register

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

DEC BC

JRS F, SRAMCLR

Example2 : ClearsRAM to “004" exceptthe bank 0 (87CP39/CS39):

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

LD A, H ; Setsinitial data (00H) to A register

LD BC, 07F7H , Sets number of byte to BC register pair
SRAMCLR : LD (HL+), A

DEC BC

JRS F, SRAMCLR

3-39-9
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TOSHIBA _ TMP87CM39/P39/539

Address 0 1 2 3 4 5 6 7 8 9 A B C D E F
0040y . .Registerbank0 = . Registerbank1 =
0050 A Reg.sterbankz Reg|sterbank3 i
I Reg'sterbank4 ................ Reg;sterbanks
0070 . _Re.«_;;:i'ster.banks . .Reggste‘r‘:l‘:-a“(-\‘!;;“: ...........
0080 Reg|sterbank8 ...... Reg.sterbankg ............
005 . Reg.ste.—bankm ...... Reglsterbank” ...... e Direct addressing area
oo | Reg.sterbanku AAAAAA ...... Reg,;terbank13 ............
o | Regmerbankm ......................... Reg.g,te;ban“s ...... G
ooco | ¢ ¢ 1 ¢ ¢ S I
00D0
00EO
00F0
0100
0110
0430
: Note: The 87CM..?9 does
0630 ;Z;V?ave this area of
08‘30

Figure 1-5. Data Memory Map

3-39-10
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TOSHIBA TMP87CM39/P39/539

1.5 General-purpose Register Banks
General-purpose registers are mapped into addresses 0040y to 00BFy in the data memory as shown in
Figure 1-5. There are 16 register banks, and each bank contains eight 8-bit registers W, A, B, C, D, E, H,
and L. Figure 1-6. shows the generai-purpose register bank configuration.

bank 15 {00B8 to 00BFy)

bank 14 (00B0 to 0087, Example : Bank 0

bank 13 (00AB to 00AFy) :
bank 12 (00AQ to 00A7y)

bank 4 (0060 to 0067,)
bank 3 (0058 to 005F)
bank 2 (0050 to 0057})) HoOoL
bank 1 (0048 to 004F;) (0047,) ; (00464,)
bank 0 (0040 to 0047}, .

{a) Configuration (b) Address assignments of registers

Figure 1-6. 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-purpase register, the register also has the following
functions:

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

Examples: @ ADD A, B ; Adds B contents to A contents and stores the resultinto A.
@ SUB WA, 1234H ; Subtracts 1234y from WA contents and stores the result into
WA,
@ SUB E A ; Subtracts A contents from E contents, and stores the result
into 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 + ), 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.

3-39-11
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Example 1:

® W
@ LD
@ Lb

@ LD
® LD

A, (HL)
A, (HL+52H)

A, (HL+Q)

A, (HL+)

A, (- HL)

’

’

'

v

. Loads the memory contents at the address specified by HL

into A.
Loads the memory contents at the address specified by the
value obtained by adding 524 to HL contentsinto A.

; Loads the memory contents at the address specified by the

value obtained by adding the register C contents to HL
contentsinto A.

. Loads the memory contents at the address specified by HL

into A. Then increments 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.

Example 2 : Block transfer

LD
LD
LD

SLOOP: LD

(3) B.C,BC

INC
INC
DEC

B, n-1
HL, DSTA
DE, SRCA
(HL), (DE)
HL

DE

B

; Sets (number of bytes to transfer) - 1to 8

; Setsdestination address to HL

; Setssource address to DE

; (HD) «(DE)

; HLeHL+1

; DE«<~DE+1

: Be«B-1 JRS F, SLOOP; if B 2 Othenloop

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
SREPEAT : i processing ‘!

s

JRS  F, SREPEAT

Example 2 :

DIV

WA, C

; Setsn as the number of repetitionsto B
(n + 1times processing)

Unsigned integer division {(16-bit + 8-bit)

; Divides the WA contents by the C contents, places the
quotient in 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 003F4 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 :

Example 2 :

INC

LD

(003FH)

Reading the RBS

A, (003FH)

Incrementing the RBS

; RBS<«RBS + 1

. A« PSW (A3.g < RBS, A7.4¢—Flags)

3-39-12
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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 RRS 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 ; Méskableinterrupt return (Bank restoring)

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 (0Q3FH), O5H] is
executed, “5" is written to the RBS and the JFis set to “1”, but the other flags are not affected.
[PUSH PSW] and [POP PSW] are PSW access instructions.

1.6.1 Register Bank Selector (RBS)
The register bank selector (RBS) is a 4-bit register used to 7 - & - 5 - 23 - 2 - ! - 0
select general-purpose register banks. For example, when JFiZFicRinE " RS
RBS =2, bank 2 is currently selected. During reset, the RBS — —
isinitialized to “0”. Figure 1-7. 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 ¢c, $ +2 +d] / [JRS cc,
$ +2+d]. Afterreset, the jump status flag is initialized to “1”, other flags are not affected.

(1) Zeroflag(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 instructions [SET, CLR, and CPL], the ZF is set 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”.

3-39-13
B 9097249 003LA37 TS50 ER



TOSHIBA TMP87CM39/P39/539

(2) Carryflag(CF)
The CF is set to “1“ when a carry out of the MSB (most significant bit) of the result occurred during
addition or when a borrow inta 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 (quotient overflow error); otherwise it is cleared. The CFis
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.

Examplel : Bitmanipulation
LD CF, (0007H) .5 ; (0001R)2 « (0007R)s 7 (009AH)0
XOR  CF, (009AH).0
LD (0001H) . 2, CF

Example2 : Arithmeticright shift
LD CF, A.7 ; Ae A2
RORC A

(3) Half carry flag (HF)
The HF is set to “1” when a carry occurred hetween 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 1] instructions).

Example : BCDoperation
(The A becomes 47y after executing the following program when A = 19y, B = 284)
ADD A B ; Ae41y, HF 1, CFe0
DAA A ; A< 41y + 06y = 47y (decimal-adjust)

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

Example : Jump statusflag 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.
3-39-14
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Example :The accumulator and flags become as shown below after executing the following instructions
when the WA register pair, the HL register pair, the data memory at address 00C5p, the carry flag
and the half carry flag contents being “219A41", “00C54”, "D7w", “1" and "0”, respectively.

Instruction Acc. after Flag‘after ‘execu.tion Instruction Acc. after Flag‘after _execx{tion
execution | JF : zZF P CF i HF execution | JF : ZF i CF : HF

ADDC A, (HL) 72 101 INC A 98 oioirio
SUBB A, (HU) 2 1 0 i Q ROLC A 35 1 0 1 0
cmMp A, (HU) 9A 0 0 1 0 RORC A cD 0 0 0 0
AND A, (HL) 92 0 0 1 0 ADD WA, OF508H 16A2 1 . ‘ 1 0
LD A, (HL) D7 1 4] 1 0 MUL W, A 13DA 0 Q 1 0
ADD A, 66H Q0 1 1 1 1 SET A5 BA 1 1 1 0

3-39-15
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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 a subroutine call instruction [CALL a] / [CALLP n] / [CALLV n], the contents
of the PC (the return address) is saved; on an interrupt acceptance, the contents of the PC and the PSW
are saved (the PSW is pushed first, followed by PCy and PC). Therefore, a subroutine call occupies two
bytes on the stack; an interrupt occupies three bytes.
When returning from the processing routine, executing a subroutine return instruction [RET] restores the
contents to the PC from the stack; executing an interrupt return instruction [RETI] / [RETN] restores the
contents to the PC and the PSW (the PC_ is popped first, followed by PCH and PSW).
The stack can be located anywhere within the data memory space except the register bank area,
therefore the stack depth is limited only by the free data memory size.

1.7.2 Stack Pointer (SP)

The stack pointer (SP) is a 16-bit register containing the address
of the next free locations on the stack.

The SP is post-decremented when a subroutine call or a push
instruction is executed, or when an interrupt is accepted; and

MS$B LSB
151413 121110 9 8 7 6 543 2 1 0

Stack Pointer (SP) I

the SP is pre-incremented when a return or a pop instruction is Figure 1-8. Stack Pointer
executed. Figure 1-9 shows the stacking order.

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

Example 1 : Toinitialize the SP
LD SP, 043FH ; SP«043Fy

Example2 : Toread theSP

LD HL, SP ; HLeSP
At acceptance -
of interrupt
At execution of ar At execution of
a CALI:/CALL}II CALLP at execution of At execution of a RETI/RETN
instruction a Swiinstruction a RET instruction instruction
043C 043C
043D 043D
043E 043€
043F 043F | PG — 0040y
: stack
depth
SP before :
execution 04::'}F ﬁ}
SP after
execution (083F)

(a) Stacking order {b) Stack depth

Figure 1-9. Stack

3-39-16
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1.8 System Clock Controller
The system clock controller consists of a clack generator, a timing generator, and a stand-by controller.

Timing generator control register

i 0036y G
! fe

Clock
generator

XIN
P——i T D, High-frequency : Timing

O [ . Stand-by controller
_‘ : clock oscillator : generator

XouT

P ENE
’_| XTIN : System clocks
’ DI I::I. Low-frequency 0038, 0039,

'_—i T [‘] clock oscillator L SYSCR1 | L SYSCR2

XTOUT =7~ ¢ ;

777 j o el Clock generator control System control registers

Figure 1-10. System Clock Controller

1.8.1 Clock Generator

The clock generator generates the basic clock which provides the system clocks supplied to the CPU core
and peripheral hardware. It contains two oscillation circuits: one for the high-frequency clock and one
for the low-frequency clock. Power consumption can be reduced by switching of the system clock
controller to low-power operation based on the low-frequency clock.

The high-frequency (fc) and low-frequency (fs) clocks can be easily obtained by connecting a resonator
between the XiN/XOUT and XTIN / XTOUT pins, respectively. Clock input from an external oscillator is
also possible. In this case, external clock is applied to the XIN / XTIN pin with the XOUT / XTOUT pin not
connected. The 87CM39/P39/539 are not provided an RC oscillation.

ittt High-frequency clock ~~======-====- 1 [ Low-frequency clock ~==========="~ H
i 1 ' 1
1 1 1 )
XN XOuT XIN XOuT | ' OXTIN XTOUT XTIN XTOUT ;
1 1 1 B
: g o :
i ‘ (open) | H (open) !
1 ) 1 )
: ] o [ :
| | | 1
! P :
] 1 1 1
I I |
1 ] ] ]
i (a) Crystal/Ceramic (b) External oscillator | i (¢} Crystal (d) External oscillator i
| resonator i ; 1
b e e e e e ———————— e El L e e e e ————— J
Figure 1-11. Examples of Resonator Connection
Note : Accurate Adjustment of the Oscillation Frequency:

Although hardware to externally and directly monitor the basic clock pulse is not provided,
the oscillation frequency can be adjusted by making the 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.

3-39.17
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Exampie : To output the high-frequency oscillation frequency adjusting monitor pulse to P13
(DVO) pin.
SFCCHK : LD (P1CR), 00001000B ; Configures port P13 as an output
SET (P1).3 ; P13 outputlatch « 1
LD  (TBTCR), 111000008 ; Enablesdivider output
IRS T,% ; Loopsendless
output waveform

e fd1024 ——>

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 :

@ 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 warm-up clocks for releasing STOP mode

@ Generation of a clock for releasing reset output

(1) Configuration of Timing Generator
The timing generator consists of a 21-stage divider with a divided-by-4 prescaler, a main system clock
generator, and machine cycle counters. An input clock to the 7th stage of the divider depends on
the operating mode and DV7CK (bit 4 in TBTCR) shown in Figure 1-12 as follows.
During reset and at 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 (fe/28) is input to the 7th stage of the divider.

@ Inthe dual-clock mode
During NORMAL2 or IDLE2 mode (SYSCK =0), an input clock to the 7th stage of the divider
can be selected either “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 ; cutput from the 1st to 6th stages is also stopped.

3-39-18
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— fm . machine cycles
main system clock generator machine cycle counters states
SYSCK T n)
DV7CK
prescaler divider f28 s divider
. /28| A

High-f Riszd

Mgy Trequency, fc 1 4ty lals]als|s Y17 (8]0 |rof1lizfrs|1aisfrs{izjrs]1o ool

Low-frequency _ fs fs r L

clock MPX Reset circuit

,_,) Stand-by
] controller

Timer/

Counters = Watchdog
Timer

—
e —"—
Time Base
Timer
Divider
output circuit
Note: MPX; Multiplexer
Figure 1-12. Configuration of Timing Generator
7 6 5 4 3 2 0 .

TR [ovorm]  (ovock | ovrek | erem | BTG ] (nitialvalue:  0x+0 0x*x)

0036 - - -

(0036+) I DV7CK ISeIect:on of input clock to | 0: {28 [Hz) Write I

the 7th stage of the divider 1:fs only

Note1:  fc, high-frequency clock [Hz], fs; low-frequency clock [Hz], * ; don’t care

Note2: Do notset DVZCK to “1” in the single-clock mode.

Note3: Do notset DV7CK to “1” before low-frequency clock is stable in the dual-clock made.

Noted:  TBTCRis a write-only register and must not be used with any of read-modify-write instructions.

Figure 1-13. Timing Generator Control Register

(2) Machine Cycle
Instruction execution and peripheral hardware operation are synchronized with the main system
clock. The minimum instruction execution unit is called a “machine cycle”. There are a total of 10
different types of instructions for the TLCS-870 Series: ranging from i-cycle instructions which
require one machine cycle for execution to 10-cycle instructions which require 10 machine cycles for
execution.
A machine cycle consists of 4 states (S0 to S3), and each state consists of one main system clock.

3-39-19
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Main System Clock 1
(fm)

1|Ifc or 1/fs [s]
e

1y I U

State

S0

——

s2 s3 so | s | sz | sz |

e—————Machine cycle —————>|

0.5 atfc=8MHz
122 45 atfs=32.768kHz

Figure 1-14. 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 1-15 shows the operating mode transition diagram and Figure 1-16 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 x5 at
fce =8 MHz2).

@ 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
87CM39/P39/539 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). IDLEY 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 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 made, the internal oscillatidn circuit is turned off, causing all system operations to be
halted. The internal status immediately prior to the halt is held with the lowest power
consumption during this mode. The output status of all output ports can be set to either
output hold or high-impedance under software control.

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

Both high-frequency and low-frequency oscillation circuits are used in this mode. Pins P21 (XTIN)
and P22 (XTOUT) cannot be used as input/output ports. The main system clock is obtained from the
high-frequency clock in NORMAL2 and IDLE2 modes, and is obtained from the low-frequency clock
in SLOW and SLEEP modes. The machine cycle time is 4/fc [s] (0.5 us 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
87PM37 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 operates using the high-frequency clock. On-chip peripherals
operate using the high-frequency clock and / or low-frequency clock. In case that the dual-
clock mode has been selected by an option, the 87CM39/P39/539 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 operate 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 remain active (operate using the high-frequency
clock and / or the low-frequency clock). Starting and releasing of IDLE2 mode are the same
as for IDLE1 mode, except 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 remain active (operate using the low-frequency clock).
Starting and releasing of SLEEP mode is the same as for IDLE1 made, except that operation
returns to SLOW mode.

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

3-39-21
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RESET1
resetrelease
software ﬂ?_»
IDLE1 ~——— | NORMAL1 STOP1
mode - mode mode
interrupt STOP pin input

(a) Single~ciock mode

RESET2
reset release
software
IDLE2 NORMAL2
mode mode
interrupt
oft| =g .
ard STOPoIn $TOP2
mode
warl
SLEEP sLow -
mode mode -7 software
interrupt

(b} Dual-clock mode

Note 7: NORMALT and NORMAL2 modes are
generically called NORMAL; STOP1 and
STOP2 are called STOP; and IDLE1, IDLE2
and SLEEP are called IDLE.

Note2: Thereis not a RESET2 mode in 87P539.

. Frequency On-chip Machine cycle
Operating mode }— CPU core . .
High-frequency | Low-frequency Peripherals time
. | RESET1 reset reset
o
= NORMAL1 turning on 1 4/fc [s]
) s : operate
‘; oscillation turning off operate
< |IDLET oscillation
< - halt
- turning off
" —
STOP oscillation halt
RESET2 reset reset
turning on
o |NORMAL2 oscillation High-frequency operate 4rfcs)
v .
3 lioez 1 turningon nalt (High and / or Law)
w . .
I oscillation
3 |SLOW Low-frequency Whsls]
a . ' Low-frequency
SLEEP turr?lng'off
oscillation halt
turning off C —
STOP2 oscillation halt

Figure 1-15. Operating Mode Transition Diagram
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System Control Register 1

7
SYSCR1 B, N
(0038,) I STOP l RELM l RETM IOUTEN I wut [ ___________________ (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 refease
RETM Qperating mode 0 : Return to NORMAL mode RIW
after STOP mode 1 : Return to SLOW mode
OUTEN Port output control 0 : High-impedance
during STOP mode 1 : Remain unchanged
- 19 13
Warming-up time at Q0 : 3><2m/fc or 3x2|3/fs [s]
wut releasing STOP mode or: 2%/fc or 251t
9 . 1*: Reserved
Note1:  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 regardless
of the RETM contents.
Note3: fc ; high-frequency clock [Hz]
fs ; low-frequency clock [Hz]
* ;  don't care
Noted:  Bits1and0inSYSCR1 are read in as undefined data when a read instruction is executed.
Note5 : 1f 87CM39/P39/538 is moved to STOP mode while OUTEN = “0”, internal inputs fix “0”. Then
there is a possibility to set interrupt of falling edge.
System Control Register 2
YSCR2 L
(50039H) ' XEN I XTEN [ SYSCK[ IDLE ] (Initial value:  10/100 #***x)
XEN High-frequency oscillator | 0 : Turnoff oscillation
control 1 : Turn on oscillation
Low-frequency oscillator | 0 : Turnoff oscillation
XTEN et
control 1 : Turnon oscillation
RIW

Main system clock select 0
SYSCK | (write) / main system clock
monitor (read)

1 High-frequency clock
1 : Low-frequency clock

0 : CPU and watchdog timer remain active

IDLE tart I
IbLE mode star 1 : CPU and watchdog timer are stopped (start |DLE mode)

Note 1:  Aresetisapplied (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:  * don‘tcare

Note4:  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). Initial value of XTEN in 87P539 is “0".

XTEN | operating mode after reset

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

Figure 1-16. System Control Registers
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1.8.4 Operating Mode Control

(1) STOP mode (STOP1, STOP2)
STOP mode is controiled 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 7in SYSCR1) to “1".' During STOP mode, the following status is maintained.

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

@ The data memory, registers {except DBR) and port cutput 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 the STOP mode.

STOP mode includes a level-sensitive release mode and an edge-sensitive release made, 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 long term battery back-up.
When the STOP pin input is high, executing an instruction which starts the STOP mode will not
place in STOP mode but instead will immediately start the release sequence (warm-up). Thus, to
_start STOP mode in the level-sensitive release mode, it is necessary for the program to first
confirm that the STOP pin input islow. The following method can be used for confirmation:

Using an external interrupt input INT5 (INTS is a falling edge-sensitive input).

Example : Starting STOP mode with an INT5 interrupt.
PINTS: TEST (P2).0 ; Toreject noise, the STOP mode does not start if
JRS F, SINTS port P20 is at high
LD (SYSCR1), 010000008 ; Sets up the level-sensitive release mode.
SET (SYSCR1) .7 ; Starts STOP mode
LDW  (IL), 1110011101010111B ; IL12, 11,7, 5 3 < 0 (Clears interrupt latches)
SINTS: RETI

STOP pin \ : 7ZVIH \
XouTpin QA

o
Pagivay

NORMAL I 5TOP : \ NORMAL
aperation ? operation Warm-up > operation
Confirm by program that the STOP mode is released by the hardware.
STOP pin input is low and Always released if the STOP
start STOP mode. . L
pin input s high.

Figure 1-17. Level-sensitive Release Mode

Notel:  Afterwarming up is started, when STOP pin input is changed “L” level, STOP mode is not placed.
Note2 : When changing to the level-sensitive release mode from the edge-sensitive release mode, the release

mode is not switched until a rising edge of the STOP pin input is detected.
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b. Edge-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), 00000000B ; OUTEN « 0 (specifies high-impedance)
DI ;IMF < 0 (disables interrupt service)
SET (SYSCR1). STOP ; STOP « 1 (activates stop mode)

LDW (L), 1110011101010111B  ;IL12,11,7,5,3«0
(clears interrupt latches)
El ; IMF « 1 (enables interrupt service)

o 1\ ;,_7‘ N o

NORMAL ! STOP ' sTOP
operation operation e Warm-up > e o NORMAL operation T
/ operation/
STOP mode started
by the program.

STOP mode is released by the hardware at the rising
edge of STOP pin input.

Figure 1-18. Edge-sensitive Release Mode

STOP mode is released by the following sequence:

@ 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 NORMALT1, only the high-frequency clock osciilator 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 NORMAL mode Return to SLOW mode
WUt At fc=4.194304 MHz At fc=8MHz WUuT At fs=32.768 kHz
3x2"%c {s] 375 [ms] 196.6  [ms] 3Ix2%fs |s) 750 [ms}
2"fc 125 65.5 2" 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.
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B 9097249 0036&4q 772 IR



TMP87CM39/P39/539

TOSHIBA

250319y / MeIS SPON dOLS “61-L a4nbid

asealay apo 4OLS (q)

X X z X _ X :

0. o 00

¢ +RssaIppeIe :o:u:..ﬁ:* € + B 5534PPE 3€ UOIINJISY| x Z+essauppe e uonINnsY Y

Hey

* g+e x s+e x p+e x c+e

uo uiny

4o
uing

T

3-39-26

dn buiuepn

(e ss3.ppE 1L P21EDO| UORINIISUL £ (LYDSAS) L35 YyHm uels : ojdwex3) Lels 5poiN dOLs (e)

G G T S G S —T—"

(0= NILNO UBYM) Z-1H Y

4 Z (1405 AS) 135 X

c+e x z+¢®

X=

)
1
\— UO L}

12ping

uornNdaxa
uoIdNISU|

183Unod
wesboid

PP
washs
ute
Hnun
1018(|1550

ndur
uid dO4iS

Japing

1ndino nog

UORNIAXS
UOIDNIISU}

18uNo>
wesboud

»op
widisAs
uep

UNZID
10181050

B 9097249 0036850 49y W



TOSHIBA

TMP87CM39/P39/539

(2)

STOP mode can also be released by setting the RESET pin low, which immediately perfarms the
87CM39/P39/539 restarts NORMAL2 mode (NORMAL1 mode at

normal reset operation.
87P$39), even if setting is returning to SLOW mode.

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

The power supply voltage must be at the operating voltage level before releasing
STOP mode. The RESET pin input must also be high, rising together with the power
supply voltage. In this case, if an external time constant circuit has been connected,
the RESET pin input voltage will increase at a slower rate than the power supply
voltage. Atthistime, 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. 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 , IDLE1

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
NORMALZ, 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

Starting IDLE mode
by instruction

l CPU, WDT are halted 1

——
Reset input

No (high)

Reset

Normal )
release mode

Interrupt request

Yes

No

Yes (Interrupt release mode)

[ Interrupt processing l

——]

Execution of the
instruction which follows
the IDLE mode start
instruction

$

Figure 1-20. IDLE Mode

(SYSCR2).4]). Normally, IL (Interrupt Latch) of interrupt source to release IDLE mode must be

cleared by load instructions.

b. Interrupt release mode (IMF = “1")

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

which started IDLE mode.
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(3

IDLE mode can also be refeased by setting the RESET pin low, which immediately performs the reset
operation. After reset, the 87CM39/P39/539 are placed in NORMAL mode.

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

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.

Example1l : Switching from NORMAL2 mode to SLOW mode.

SET  (SYSCR2).5 ; SYSCKe1 (Switches the main system clock to the
low-frequency clock)
CLR (SYSCR2).7 ; XENe-0 (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)

SET (EIRH). EF14 ; INTTC2 interrupt enable
LD (TC2CR), 34H ; Starts TC2
PINTTC2 : LD (TC2CR), 10H; StopsTC2
SET (SYSCR2) .5 5 SYSCKe1
CLR (SYSCR2) .7 ; XENeO0
RETI
VINTTC2 : Dw PINTTC2 ; INTTC2vectortable

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.

3-39-29
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Low-frequency clock

Main system clock

Notel : After SYSCK is cleared, executing instructions is continued by low-frequency clock
while low-frequency clock and high-frequency clock synchronize each other.

High-frequency cock I LI LI LML LML L LU

SYSCK |

TMP87CM39/P39/539

Note2 - SLOW mode can also be released by setting the RESET pin low, which immediately
performs the reset operation. After reset, the 87CM39/P39/539 are placed in
NORMAL2 mode. (The 87PS39 is placed in NORMALT mode.)

Example

PINTTC2 :

VINTTC2 :

Switching from SLOW mode to NORMAL2 mode (fc =8 MHz, warming-up time is
about7.9 ms).
SET  (SYSCR2).7 ; XENe-1 (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)
SET  (EIRH). EF14 INTTC2 interrupt enable
LD (TC2CR), 30H , Starts TC2

LD (TC2CR), 10H ; StopsTC2

CLR  (SYSCR2).5 ; SYSCK«0 (Switches the main system clock to the
high-frequency clcok)

RETI

DW  PINTTC2 ;. INTTC2 vector table

3-39-30
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1.9

Interrupt Controller

The

87CM39/P39/539 has a total of 15 interrupt sources: 6 externals and 9 internals. Nested interrupt

control with priorities is also possible. Two of the internal sources are pseudo non-maskable interrupts;
the remainder are all maskable interrupts.

Inte
vect
The
the

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

interrupt latch is set to “1” when an interrupt request is generated and requests the CPU to accept
interrupt. The acceptance of maskable interrupts can be selectively enabled and disabled by the

program using the interrupt master enable flag (IMF) and the individual interrupt enable flags (EF).
When two or more interrupts are generated simultaneously, the interrupt is accepted in the highest

prio

rity order as determined by the hardware. Figure 1-23. shows the interrupt controller.

Table 1-2. Interrupt Sources

Interrupt Source Enable Condition lntg{:hpt e;?dr,l,igle Priority

mernal | (Reset) Non-Maskable - FFFEy | High 0
Internal | INTSW  (Software interrupt) Pseudo — FFFCh 1
Internal [ INTWDT (Watchdog Timer interrupt} nen-maskable Ly FFFAY 2
External |[INTO (External interrupt 0) iIMF=1,INTOEN=1 ILy FFF84 3
Internal [ INTTCt  (16-bit TC1 interrupt) IMF - EF4=1 iLg FFF6yY 4
External |INT1 (External interrupt 2) IMF - EFs=1 ILs FFFay 5
Internal | INTTBT  (Time Base Timer interrupt) IMF - EFg =1 ILg FFF2y 6
External |INT2 {External interrupt 2) IMF-EF7=1 ILy FFFOL 7
Internal | INTTC3  (8-bit TC3interrupt) IMF - EFg=1 ILg FFEEy 8
Internal | INTSBI (Serial Bus Interface interrupt) IMF - EFg=1 ILg FFECyH 9
Internal [INTTC4  (8-bit TC4 interrupt) IMF - EF1g=1 IL1g FFEAY 10
External |12 gi’;ff,:,'ﬁggf,gmﬁ,ﬁ;g ote IMF - EFyy =1 Ly FEES, 1
External |[INT4 (External interrupt 4) IMF -EFq2=1 IL12 FFE6y 12
Internal [ INTOSD (OSDinterrupt) IMF-EFy3=1 ILy3 FFE4y 13
Internal [INTTC2  (16-bit TC2 interrupt) IMF-EF1g=1 ILsa FFE24 14
External [ INTS (External interrupt 5) IMF - EFy5 =1 L5 FFEOY Low 15
(1) Interrupt Latches (IL 1510 2)

. interrupt latches cannot be set to

uqn

Interrupt latches are provided for each source, except for a software interrupt. The latch is set to
when an interrupt request is generated, and requests the CPU to accept the interrupt. The latch is
cleared to "0” just after the interrupt is accepted. All interrupt latches are initialized to “0” during
reset. They must be cleared to “0” by software before enabling interrupt.

The interrupt fatches are assigned to addresses 003CH and 003Dy in the SFR. Each latch can be
cleared to “0” individually by an instruction; however, the read-modify-write instruction such as bit
manipulation or operation instructions cannot be used. Thus, interrupt requests can be cancelled
and initialized by the program. Don’t clear the iL, for a watchdog timer interrupt to "0”. Note that
“1" by any instruction. )

The contents of interrupt latches can be read out by an instruction. Therefore, testing interrupt
requests by software is possible.
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Example 1:Clears interrupt latches
LDW  {IL), 1110100000111111B ; L1z, IL1ptoile<0

Example 2 : Reads interrupt latches
LD WA, (IL) ;o Welly, Aeldlp

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

(2) Interrupt Enable Register (EIR)

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

The EIR consists of an interrupt master enable flag (IMF) and individual interrupt enable flags (EF).
These registers are assigned to addresses 003Ay and 003B 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 [El] and {D1] instructions, and the IMF
is initialized to "0" during reset.

@ Individual interrupt Enable Flags (EF15 to EFa)
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), 11101000101000018 ; EFsto EFy3, EF1q, EF7, EFs, IMFe-1

Example2 : Setsan individual interrupt enable flag to "1".
SET (EIRH).4 i EFe?

3-39-34
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L 15 14 13 12 11 10 9 8 7 6 5 4 3
(003C, 003Dy L't1s D ilia ¢ bys £ MLys (llay Dlgp § Mo P ilg | Iy (g P Mg | UL, ¢ Iy
1Ly (003Dy) L (003Ch)
(Initial Value : 00000000 000000*)
EIR B T T H T T H T T H
(003A, 003By) EFys : EFyq : EFq3 ¢ EF1p S EFqq ¢ EFqp : EFg : EFg EF; : EFg : EFs : EF.

EIRy {Q03By) EIRy (003Ap)

(Initial Value : 00000000 0000%+**0)

Notel: Do not use any read-modify-write instruction such as bit manipulation for clearing IL.
Note2: Do notclearthe iL; to “0” by an instruction.
Note3: Do notset IMF to “1“during non-maskable interrupt service programs.

1.9.

Figure 1-24. Interrupt Latch (IL) and Interrupt Enable Register (EIR)

1 Interrupt Sequence

An interrupt request is held until the interrupt is accepted or the interrupt latch is cleared to “0“ by a
reset or an instruction. Interrupt acceptance sequence requires 8 machine cycles (4 us at fc=8 MHz in
NORMAL mode) after the completion of the current instruction execution. The interrupt service task
terminates upon execution of an interrupt return instruction [RETI] (for maskable interrupts) or [RETN]
(for pseudo non-maskable interrupts).

(1) Interrupt acceptance processing 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) onto the stack. The stack pointer is decremented 3 times.

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

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

tnterr
signal

Interr
latch

IMF

PC

SP

Instructiof : - - -
lexecution 3‘;235.‘{,‘3\"1 Interrupt acceptance Lﬂ‘;{ﬁfm i X RET! instruction execution x

Interrupt service task

(TN 'S N R N TR SN S

1 machine cycle
e}

upt

upt

I

Note 2
g —————e

n

XOEE =

Notel: . a, returnaddress, b, entry address, ¢ ; address when the RETI instruction is stored
Note2 : The maximum response time from when an IL is set until an interrupt acceptance processing starts is
381fc to 38/fs [s].

Figure 1-25. Timing Chart of interrupt Acceptance and Interrupt Return Instruction
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Example: Correspondence between vector table address for INTTBT and the entry address of the
interrupt service program.

Vector table address Entry address
D203y
D204y

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 INTOEN in the
external interrupt control register (EINTCR) or interrupt processing must be avoided by the program.

FFF2y
FFF3y

Example 1 : Disablesan external interrupt0 using INTOEN:
LD (EINTCR), 000000008 ; INTOEN&Q
Example2 : Disablesthe processing of external interrupt 0 under the software control (using bit
0 at address 00FQy as the interrupt processing disable switch):
PINTO : TEST {OOFOH) . 0 : Returns without interrupt processing if (00FOR)g=1

JRS T, SINTO

VINTO: DW  PINTO

(2) Saving/Restoring General Purpose Registers
During interrupt acceptance processing, the program counter and the program status word are
automatically saved on the stack, but not the accumulator and other registers. These registers are saved
by the program if necessary. Also, when nesting multiple interrupt services, it is necessary to avoid using
the same data memaory 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:
General-purpose registers can be saved at high-speed by switching to a register bank that is
not in use. Normally, bank 0 is used for the main task and banks 1 to 15 are assigned to
interrupt service tasks. To increase the efficiency of data memory utilization, the same bank
is assigned for interrupt sources which are not nested.
The switched bank is automatically restored by executing an interrupt return instruction
[RETI] or [RETN]. Therefore, itis not necessary for a program to save the RBS.

Example : Register Bank Changeover
PINTxx : LD RBS, n : Switches to bank n (1 us at 8 MHz2)
ReTi ' """ "Restores bank and Returns
3-39-36
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main task main task
acceptance of interrupt acceptance of
‘ ¢ interrupt
bank m interrupt service task interrupt service task

Switch to bank by
[LD RBS, n]or
[INC(GRBS) ]
instruction

saving
registers

i Restore bank 1
m interrupt return automatically by §
[RETI]/ [RETN] &
instruction e N
interrupt return
{b) Saving/Restoring using push/ pop or data transfer
instructions

restoring
registers

(a) Saving/Restoring by register bank changeover

Figure 1-26. Saving/Restoring General-purpose Registers

@ General-purpose register save / restore using push and pop instructions:
To save only a specific register, and when the same interrupt source occurs more than once,
the general-purpose registers can be saved / restored using push/pop instructions.

Example : Register save using push and pop instructions

PINTxx ; PUSH WA ; Save WA register pair
PUSH HL ... SaveHLregister pair
. interrupt processing
POB ™ THL T Restore HL register pair
POP WA ; Restore WA register pair
RET! ; Return

Address (example)
0438y

0439
043A
0438
043¢

043D
Toase
043F

At acceptance At execution At execution At execution of an
of an interrupt :> of a push :> of a pop :> interrupt return
instruction instruction instruction

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

Example : Saving/restoring a register using data transfer instructions
PINTxx : LD (GSAVA), A , Save Aregister

s} " ; Restore A register
RETI ; Return

3-39-37
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(3) 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 | @ The contents of the program counter and

program status word are restored from the program status word are restored from the
stack. stack.

@ The stack pointer is incremented 3 times. @ The stack pointer is incremented 3 times.

@ The interrupt master enable flagissetto “1”. | @ The interrupt master enable flag is set to N

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.

1.9.2 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 interruptis
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.

Note : At the development tool, if processing of a non-maskable interrupt is already underway,
executing the SWI instruction will generate a software interrupt as a soft ware brake.

Use the [SW1] instruction only for detection of the address error or for debugging.

(® Address Error Detection
FFn 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 SW1 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 1080y to 10FFy (test ROM area) is not “FFy”. J

@ Debugging
Debugging efficiency can be increased by placing the SWi instruction at the software break
point setting address.

3-39-38
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1.9.3 External Interrupts
The 87CM39/P39/539 each have six external interrupt inputs (INTO, INT1, INT2, INT3, INT4, and INTS). Four
of these are equipped with digital noise rejection circuits (pulse inputs of less than a certain time are
eliminated as noise). Edge selection is also possible with INT1, INT2, INT3 and INT4.
The INTO / P10 pin can be configured as either an external interrupt input pin or an input/output port,
and is configured as an input port during reset.
Edge selection, noise rejection control except INT3 pin input and INTO / P10 pin function selection are
performed by the external interrupt control register (EINTCR). Edge selecting and noise rejection control
for INT3 pin input are preformed by the Remote control signal preprocessor control registers. (refer to
the section of the Remote control signal preprocessor.) 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

Second . . . L
Source Pin fuf‘cﬂr;na‘;m 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/f¢ (5]
are eliminated as noise. Pulses equal
INT1 INT? P11 IMF - EF5=1
i to or more than 48/f¢ [s] or 192/f¢ [s]
falling edge .
are regarded as signals.
or
. Pulses of less than 7/fc [s] are
rising edge L .
eliminated as noise. Pulses equal to
iNT2 INT2 P12/7C1 IMF - EF; =1
or more than 24/fc [s] are regarded
as signals.
fafling edge,
rising edge or | Refer to the section of the Remote
INT3 INT3 P30/RXIN IMF-EF1=1 K R
failing / rising | control preprocessor
edge
i Pulses of less than 7/fc [s] are
falling edge L X
eliminated as noise. Pulses of 24/f¢
INT4 INT4 P32 IMF-EFy3=1 or i
. [s] or more are considered to be
rising edge R
signals.
INT5 INTS P20 /STOP IMF - EF15=1 falling edge

Note 1: The noise rejection function is turned off in the SLOW and SLEEP modes. Also, the noise reject times are not
constant for pulses input while transiting between operating modes (NORMAL2 & SLOW)

Note 2 : The noise rejection function is also affected for timericounter input (TC1 pin).

Note 2 : The pulse width (both "H" and “L* level) for input to the INTO and INTS pins must be over T machine cycle.

TNTO /TNTS input '—I——I_l— tinTL tinTH > teye  (Note : tcyc = 4/fm [s])

LT ! tinTH

Note4 : 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 :

@ INT1pin 49/f¢ [s] (INTINC=1), 193/fc [s] (INTINC=0)
@ INT2,INT4 pins 257fe [s]
@ INT3 pin Refer to the section of the Remote control preprocessor.

Note5: 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 P20 (INT5/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.
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Example : Activating stop mode (TMP87CM39/P39/539) :
LD (SYSCR1), 010000008 ; OUTEN e« 0 (specifies figh-impedance)
DI ; IMF « 0 (disables interrupt service)
SET (SYSCR1), STOP ; STOP & 1 (activates stop mode)
LDW (IL), 11100111010101118 ; 12, 11,7, 5, 3 & O (clears interrupt latches)
El . IMF «- 1 (enables interrupt service)
(0037) an [ ""T° l ‘E?{‘ l e | (EE? [™ "“” [ ‘”Tj TTTE (itial value: 00%0 000%)
. . . : Pulses of less than 63/fc [5] are eliminated as noise
INTINC | Noise reject time select (1) : PuI::: of ess than 15/fc %s} :re eliminated as noise
—_— . . 0 : P10input/ output port
INTOEN | P10/INTO pin configuration 1:1INT0 pFiJn (Port l?w Ehould be set to an input made) ";’:\'r;
::I’; :: INT4, INT2 and INT1 edge 0: Rising edge
INT1 ES select 1: Falling edge

Notel: fc ; High-frequencyclock[Hz] * ; don't care

Note2:  Edge detection during switching edge selection is invalid.

Note3: Do not change EINTCR when IMF = 1. After changing EINTCR, interrupt latches of external interrupt
inputs must be cleared to “0” using load instruction,

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

Note5: Inorder to change an edge of timer counter input by rewriting the contents of INT2ES during
NORMAL1/2 mode, rewrite the contents after timer counter is stopped (TC*s =0), that is, interrupt
disable state. Then, clear a interrupt lach of external interrupt input (INT2) after 8 machine cycles
from the time of rewriting to change to interrupt enable state. Finally, start timer counter. During
SLOW mode, 3 machine cycles are required.

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

LD (TC1CR),01001000B ;. TCLS & 00 (stops TC1)
DI ;  IMF « D {disables interrupt service)
LD (EINTCR),00000100B ; INT2ES « 1{change edge selection)

- ~  nop

8 machine to
cycles NOP

LD (ILL),01111111B 5 IL7 « 0 (dearsinterruptlatch)
EI ;  IMF & 1{enablesinterrupt service}
LD {TC1CR},01111000B ;  TCLS « 11 (starts TC1)

Note6: Ifchanging the contents of INTTES during NORMAL1/2 mode, interrupt fatch of external interrupt
input INTT 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 1-27. External Interrupt Control Register
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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 malifunction can be selected either a reset output or a non-
maskable interrupt request. However, selection is possible only once after reset. At first the reset output
isselected. )
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

reset release signal from T.G.

/22! or f5/2 ~|8 averflow R reset
fc/2" or fs/2" WOT output output
17 9 - e
fe/2" or fs/2 T s a-{>1seser
R ) interrupt request INTWDT
2 .
internal reset enable
T
Q
S R
WDTEN
writing writing clear WDTOUT
WOTT disable code |[code
Controller
0034y 00354
| wotcr | | worcrz |

Watchdog Timer Control Registers

Figure 1-28. Watchdog Timer Configuration

1.10.2 Watchdog Timer Control
Figure 1-29 shows the watchdog timer control registers (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 the CPU malfunction occurs for any cause, the watchdog timer output will become active at the
rising of an overflow from the binary counters unless the binary counters are cleared. At this time,
when WDTOUT =1, a reset is generated, which drives the RESET pin low to reset the internal
hardware and the external circuits. When WDTOUT =0, a watchdog timer interrupt (INTWDT) is
generated.
The watchdog timer temporarily stops counting in the STOP mode including warm-up or IDLE mode,
and automatically restarts (continues counting) when the 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), 000011018 ; 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 ;
LD (WDTCR2), 4EH ; Clearsthe binary counters

Watchdog Timer Control Register 1
WDTCR1 2 ! ¢
WDT iti .
(0034, woTT ouT (Initial value : **+x 1001)
WDTEN Watchdog timer 0 : Disable (1tis necessary to write the disable code to WDTCR2)
enable/disable 1 : Enable
00:2%fc or 2/s [s] .
Watchdog timer 01:2%fc or 2" write
WDTT | jetection time 10: 2% or  2'%fs only
1M1:2%c¢ or 2"
WDTOUT Watchdog timer 0 : Interrupt request
output select 1 : Reset output
Note1 : WDTOUT cannot be set to 1" by program after clearing WDTOUT to "0".
Note2 : fc ; High-frequencyclock[Hz] fs ; Low-frequency clock [Hz] * ; don’t care
Note3 : WDTCR1 is a write-only register and must not be used with any of read-modify-write instructions.
Noted: 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
‘%‘ggs)z [ T T | (Initial value ; *ees xxxs)
. 4E, 1 Watchdog timer binary counter clear (clear code) i
Watchdog timer control |~ H . B - write
WDTCR2 code write register Bly Watc.hdog timer disable (disabte code) only
others : Invalid
Note ! : Thedisable code is invalid unless written when WDTEN =0.
Note2 : *,/don’tcare

Figure 1-29. 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
2%fc [s] 2%, 2"fs 2"s 4,194 s 45
28/fc 2%3/fc, 2"/fs 2%5/fs 1.048 s 1s
22 2%fe, 24fs —_ 262.1 ms 250 ms
2"/ 2%%/f¢, 2"'ffs —_ 65.5 ms 62.5 ms
3-39-42
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(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 : Enableswatchdog timer
LD (WDTCR1), 000010008 ; WDTENe~1

(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 automatically after
STOP or IDLE mode is released.
During disabling the watchdog timer, the binary counters are cleared to “0”.

Example : Disableswatchdogtimer
LDW  (WDTCR1), 0B101H ; WDTEN<O, WDTCR2«disable code

1.10.3 Watchdog Timer Interrupt (INTWDT)
This is a pseudo non-maskable interrupt which can be accepted regardless of the contents of the EIR. If a
watchdog timer interrupt or a software interrupt is already accepted, however, the new watchdog timer
interrupt waits until the previous non-maskable 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 timerinterruptsetting up.
LD SP, 043FH ; 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 with pull-up registor) low to reset the internal hardware and the external circuits. The reset
output time is 12/fc [s] (1.5 us at fc=8 MHz). The high-frequency clock oscillator also turns on when a
watchdog timer reset is generated in SLOW mode.

2"%fc [s]
27¢

LT LT LT LT e
Binary counter IX 24XZX 0 X 1 X 2 X 3 X o

Overflow
INTWDT interrupt I \

WDT reset output T (Hi-2) l("L" output)

Clock

writes 4E to WDTCR2

Figure 1-30. Watchdog Timer Interrupt/Reset
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1.11 Reset Circuit

The TLCS-870 series has four types of reset generation procedures: an external reset input, 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, and system clock reset) is not initialized when
power is turned on. Thus, output from the RESET pin may go low (12/fc [s] 1.5 us at 8 MHz) when power s

turned on.

Table 1-5. Initializing Internal Status by Reset Action

1.11.1

On-chip Hardware tnitial Value On-chip Hardware Initial Value
Program counter (PC) (FFFFy) - (FFFEL) Divider of Timing generator 0
Register bank selector (RBS) 0
Jump status flag ) 1 Watchdog timer Enable

Refer to /0 port
Interrupt master enable flag (IMF) 0 Output atches of 0 ports it p
Int. t individual enable f! EF o
nterrupt individual enable flags  (EF) . Refer to each of
Interrupt latches () o Control registers control register
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 FFFEH to FFFF.

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.

1.11.2 Watchdog Timer Reset

Refer to Section “1.10 Watchdog Timer”.

1.11.3 System-Clock-Reset

Figure 1-31. Simple Power-on-Reset
Circuitry

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 12/f¢ [s] (1.5 us at 8 MHz).
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1.12 ROM Corrective Function

The ROM corrective function can patch the part (s) of on-chip ROM with some bugs. The patched data
should be loaded from an external memory at the initialized routine beforehand. The figure below
shows one example of configurations loading the patched data via 12C-bus. The ROM corrective function
have two modes. One is to replace the instruction on a certain address in the ROM with the jump
instruction to branch into the RAM area where the patched codes and/or data are loaded {Program Jump
Mode) . The other is to replace a byte or a word (2 byte) length data in the ROM with the patched data
{Data Replacement Mode) . When the ROM corrective function is enabled, the address-trap-reset is
automatically disabled on the RAM area from 02401 where the patched program s running.

Notel : When use ROM correction circuit, it is necessary to contain a program which operates to
load patch data (program code) from external memory to internal data RAM in an initial
routine.

Note2 : BM87CS39NOA does not support the ROM corrective function.

Example :

ROM corrective cirucuit

LROMCDﬂ bOMCCR l
P ]

Serial - correction mode
RAM Bus - correction code
Interface
- patch program
3-39-45
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1.12.1 Configuration

Address bus Databus B 8 ; 8 i 8
al a} a) a
nt n} njn
- match ki ki ki k
. i | . L o] 1} 2}
Address compare circuit Iig—"—a»l Instruction fetch control circuit 4—| i 3
1] )
] ]
15 —
NN | ¢ b
Register 4 o
selection 3 i E
creuit 2 P
1 P
0 L P
» Data register Data register Vo
4 dd t
al (t?]eesi gsvgel? er address reglster (the lower) (the upper) E E
]/\r ? N P P L
[] ]
-
CM CMI CM| MV
11213
write data count corrective mode signal Y 3
register write signal I T +
ROMCDR MO-3 | WOC | pomcck
L Il L I L A Il A L

T U

Figure 1-32. ROM Corrective Circuit

1.12.2 Control
The ROM corrective function is controlled by ROM corrective control register (ROMCCR) and ROM
corrective data register (ROMCDR).

7 6 5 4 3 2 1 Q

ROMCCR [CM3 CM2 CM1 CMOi wDC (Initial value 0000 0000)
(OFCOW) i ! i Il 1 1

CM3 | corrective mode setting (BANK3)

CM2 | corrective mode setting (BANK2) | 0 : program jump mode Read/
CM1 | corrective mode setting (BANK 1) 1: data replacement mode Write
CMO | corrective mode setting (BANKQ)

WDC | write data counter Counting the number of the byte written in ROMCDR read only

7 6 5 4 3 2 1 0
ROMCDR : : (initial value 0000 0000)  write only
(OFC1y) 1

Figure 1-33. ROM Corrective Control Register and ROM Corrective Data Register

(1) The ROM corrective data register writing
The ROM corrective data register has four banks corresponding to four independent locations to patch.
The write data counter (WDC) points each bank to set. (Figure 1-34.)
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ROMCDR [ ROMCT | ROMC6 ! ROMCS | ROMCA I ROMC3 l ROMC2 | ROMC1 l ROMCO I Initial value (0000 0000}
(OFC1y)
wDC
—> 0000
The lower 8 bits of the corrective ROM address 0001
¥
The upper 8 bits of the corrective ROM address 0010
BANK 0
The lower 8 bits of jump address / replancement data 0011
The upper 8 bits of jump address/ replancement data 0100
The lower 8 bits of the corrective ROM address 0101
The upper 8 bits of the corrective ROM address 0110
BANK 1
The lower 8 bits of jump address/ replancement data 0111
The upper 8 bits of jump address / replancement data 1000
The lower 8 bits of the corrective ROM address 1001
The upper B bits of the corrective ROM address 1010
BANK 2
The lower 8 bits of jump address / replancement data 101
The upper 8 bits of jump address/ replancement data 1100
The lower 8 bits of the corrective ROM address 1101
The upper 8 bits of the corrective ROM address 1110
BANK 3
The lower 8 bits of jump address / replancement data 1 1+1 1
The upper 8 bits of jump address / replancement data —— 0000
Note 1: WDC value equals to the number of the byte stored in
ROMCDR.
Note2: ROMCDR is set in order of the lower (8 bits) and the upper(8
bits) start address of the corrective area, the lower (8 bits) and
the upper (8 bits) of the jump address / the replacement data.

Figure 1-34. Banks and WDC Value of the Program Corrective Data Register

Whenever ROMCDR is written, WDC is incremented to indicate what data is writen via ROMCDR. During
reset, WDC is intialized to “0”.

(1) The lower start address of the corrective area (8 bits)

(2) The upper start address of the corrective area (8 bits)

(3) The lower jump address / replacement data (8 bits)

(4) The upperjump address/ replacement data (8 bits)

Note : Corrective addresses must have over five addresses each other.
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1.12.3 Functions
The ROM corrective function can correct maximum four ROM areas with their corresponding four banks
of ROM corrective registers. Either program jump mode or data replacement mode is selected for each
bank by CMO - CM3 respectively.

(1) Program jump mode

The program jump mode is to execute the program in the RAM area to correct the bug (s) in the ROM.
The start address of ROM that should be patched and the jump vector pointing the RAM area are
specified by ROMCDR. When the program is about to run on the code at this start address, the jump
instruction is issued, the program branches into the RAM at the jump vector, and the subsequent
program codes primarily loaded into this RAM area are excuted. After this patch program execution, the
program must be returned to the ROM area by any of the jump instructions at the end of this RAM area.
By doing these, the correction of the bug is completed. The program jump mode can be selected at
CMn =0 (n =0 - 3 for each bank) . The start address must point the 1 st byte of the instruction codes (Op-
Code).

Example : There is bugs on the locations from C0204 to C085y

The corrective address, the jump vector, the program patch codes and other information to patch the
ROM with the bugs must be read out from any of memory storage that holds them during initial program
routine. CMn =0 specifies the program jump mode. Subsequently, the patch program codes are loaded
into RAM (06004 to 0BEFR) . The start address (C020y) of the ROM necessary to patch is written to the
corrective ROM address registers, and the start address (0600) of the RAM area to patch is loaded onto
the jump address registers. When the instruction at C020y is fetched, the instruction to jump into 06004
is unconditionally executed instead of the instruction at C020y, and the subsequent patch program codes
are executed. The jump instruction at the end of the patch program codes returns to the ROM at C0864.

0000y
003Fy 0600y
0040y patch
program
083Fy
JP CO86y 06EFy
06FQy
OF80y
DBR
OFFFy
Return
1100y
ROM

COB5y /

FFFFy

Note : Corrective address must be assigned to Ist byte of instruction codes on the program jump
mode.
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(2) Data replacement mode
The data replacement mode is to directly replace a single byte or word (2 byte) length data with the
replacement data which are written via ROMCDR.
The program jump mode can work as the equivalent data replacement mode. However, when many
instructions refer a certain data in the ROM which must be patched, the program jump mode consumes
the same number of banks as that of the instructions referring this (these) data. ROM data replace mode
reduces this kind of bank consumption.

Note : The instruction that gains access to an only byte is replaced to an only start byte.

By setting CMn to 1, the data replacement mode is selected. The start address of ROM data is set to the
corrective ROM address, and two bytes replacement data is set to the patch data register via ROMCDR.
The corrective address must point the constant data in the data replacement mode. It is impossible to
replace opecode and operand in the data replacement mode.

Example :
The start address is set to C0204 as the location of the replaced data. Two bytes of the patch data are set
33y for €020y, CCy for C0214.

0000y
SFR
003Fy
0040
RAM
083Fy
OF80y
DBR
OFFFy
1100y
ROM
~— 33,
replacement data
AAy < CCy
FFFFy

1. At HL=C020y, Executing LD A, (HL) loads 33, in A. (Data replacement)
2. AtHL=C021y, Executing LD A, (HL) loads AAy in A. (No data replacement)
3. At HL=C020y, Executing LD WA, (HL) loads CC33y in WA. (Data replacement}

Notel : Corrective address must be assigned to constant data area on the data replacement
mode. (Ope-code and Ope-rand can’t be replaced by ROM correction circuit.)

Note2 : Instructions which includes “(HL +)” or “( - HL)” operation can’t be replaced by ROM
corrective circuit on the data replace ment mode.
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2.  ON-CHIP PERIPHERALS FUNCTIONS

2.1 Special Function Registers (SFR) and Data Buffer Registers (DBR)
The TLCS-870 Series uses the memory mapped /O system, and all peripheral control and data transfers
are performed through the special function registers (SFR) and data buffer registers (DBR).
The SFR are mapped to addresses 0000 to 003Fy, and the DBR to addresses 0F80y to OFFF.
Figure 2-1. shows the 87CM39/P39/539 SFRs and Figure 2-2. shows the 87CM39/P39/539 DBRs.

Address Read Write Address Read Write
00004 | 0020y - [ sBicR1 (s@1contral 1) ...
01 21
02 22
03 23
04 24
[ 25
06 26
07 27
08 28
09 29
0A 2A
08 28
oc 2C
oD 20
OE |.. . 2E
OF | ADCDR{ 2F
10 30
1 31
12 32
13 33 e TESRTVED s
14 34 1. - {(WDT control)
15 35 e T [ WOTERZ
16 36
17 37
18 | 38
19 | TREG3B (Timer reg 39
1A 3A
18 3B
1C 3C
1D 30
1E .. . 3E ESeVRd e
iF reserved 3F | PSW (Program status word) | RBS (Register bank selector) |
Special Function Registers
Note 1 : Do notaccess reserved areas by the program.
Note2 : - : Cannotbe accessed.
Note3 : When defining address 003F, with assembler symbols, use GPSW and GRBS.
Noted : 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.)
Note5 : SBi: Serial Bus interface
PWM : Pulse Width Modulation

Figure 2-1. SFR
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Address Read Write
OF80y

94
95
98 OSD control register
99
9A
98
OF9C | . reserved
9 |
AA X reserved
OFAB

OFB0

a |7 .76
c2 reserved

D5 reserved

OFFF T reserved T

Data Buffer Registers

Note1 : Do not access reserved areas by program.

Note2 : - : Cannot be accessed.

Note3 :  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.)

Noted : OSD:Onscreen display
Remo-con : Remote control signal preprocessor

Figure 2-2. DBR
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22

1/0 Ports
The 87CM39/P39/539 each have 8 paraliel input/ output ports (55 pins) each as follows:

Primary Function Secondary Functions
Port PO 8-bit 1/0 port -

Port P7 5-bit I/0 port harizontal synchronous pulse input, vertical synchronous
. pulse input to OSD circuitry, and serial bus interface input/
output.

Each output port contains a latch, which holds the output data. All input ports do not have latches, so
the external input data should either be held externally until read or reading should be performed
several times before processing. Figure 2-3.shows input/output timing examples.

External data is read from an IfO port in the 51 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 changes in the 52 state of the write cycle during execution of the instruction which writes to
an /0O port.

fetch cycle . fetchcycle  read cycle , fetch cycle , fetch cycle : write cycle !
| ] 1
H ¥ ! 1 i L) 1 1
Instruction ___S0 51 52 53 50 $1 52 §350 93 5263 ___ Instruction...50.S1. 52 63 50 $1 52 S350 15283 ____
A ST Y I N o L L', 2 B
Input strobe - _ l_l i ___ Outputlatch__ J_l
R pulse :

(a) Input Timing (b) Output Timing

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

Figure 2-3. Input/OutputTiming (Example)

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

(1) Instructions that read the output latch contents

® XCH r, (src) ® LD (pp) . b, CF
@ CLR/SET/CPL  (sro).b ® ADD/ADDC/SUB/SUBB/AND/OR/XOR (src), n
@ CLR/SET/CPL  (pp).9 @ (src) side of ADD/ADDC/SUB/SUBB/AND/OR/XOR
(src), (HL)
@ LD (sre).b, €F
3-39-52
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(2) Instructions that read the pin input data
@ Instructions other than the above (1)
@ (HL) side of ADD /ADDC/SUB /SUBB/AND /OR / XOR (src), (HL)

2.2.1 Port PO (PO7 to 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 bit is set to “1°.

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

Note : Inputmode portis read the state of input pin.
When input / output mode is used to mixed, the contents of input mode port may be
changed by executing bit manipulation instructions.

STOP
QUTEN D

POCRI
datainput
data output D Q l— > ¢ D PO
output latch
Note:i=7t00
7 6 5 4 3 2 1 0
[4Y 1 ! : i . T : »
(0000y) l P07 : PO6 : P05 : P04 : P03 : P02 i PO1 i POO I (initial value : 0000 0000)
7 3 5 4 3 2 1 0
POCR : : - : ; : - " )
(000AR) L ‘ : : : : i (initial value : 0000 0000)
POCR | 1/0 control for port PO 0:input mode Write
1: output mode only

Figure 2-4. 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 (P0), 00001010B  ; Setsinitial datato PO output latches
LD (POCR), 00001111B ; Sets the port PO input/output mode

3-39-53
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2.2.2 PortP1(P17 to P10)
Port P1 is an 8-bit input / output port which can be configured as an input or an output in one-bit unit
under software control. Input/ output mode is specified by the corresponding bitin the port P1input/
output control register (P1CR). Port P1is configured as an inputif 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 the P1CR contents. Therefare initial output data
should be written into the output latch before setting P1CR. Port P1is 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 outputlatch should be setto “1*.
It is recommended that pins P11 and P12 should be used as external interrupt inputs,timer / counter
input, or input 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 I/O port or an external interrupt input with INTOEN (bit 6 in
EINTCR). During reset, pin P10 (INTO) is configured as an input port P10.

STOP
OUTEN
P1CRi j—
data input
data output Pl
output latch
control output
control input
Note:i=7to0
7 6 5 4 3.2 1 9
Pl P17 : P16 i P15 : P14} P13 | P12 : P11 : P10
(0001,) © i7c2 i PPG iDVO . TF i INT1iINTO | (Initial value: 0000 0000)
7 6 5 4 3 2 1 o
P1CR B N i N N H H 141 .
(000By,) [ : : : : 0 : | (initial value: 0000 0000)
0 : input mode Write
P1CR 110 control for port P1 1+ Output mode only
Figure 2-5. PortP1and P1CR
Example : SetsP17, P16 and P14 as output ports, P13 and P11 asinput ports, and the others as
function pins. Internal output datais “1” for the P17 and P14 pins, and “0" for the
P16 pin.
LD (EINTCR), 01000000B ; INTOEN«1
LD (P1),101111118B i P17¢1, Plde1, P16¢0

LD (P1CR), 110100008

Note : . Input mode port is read the state of input pin.
When input/ output mode is used to mixed, the contents of input mode port may be changed
by executing bit manipulation instructions.

3-39-54
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2.2.3  PortP2 (P22 to P20)

PortP2isa 3-bitinput/output port. It | ser/cir/cpL/others CMP/MCMP / TEST/ others

_is also used as an external interrupt |patainput

input, a STOP mode release signal
input, and as low-frequency crystal outputlatch

connection pins. When used as an [P22output —’E ] P20 anTs /5TOP)

input port, or a secondary function Control input

<}
<}
Data input [ j—Q/QI‘

pin, the output latch should be set to 0Osc. enable
“1“. During reset , the output latches
are initialized to “1". Data output ——E'L E>— P21 (XTIN)

A low-frequency crystal (32.768 kHz) is ) \'}—J
connected to pins P21 (XTIN) and p22 |Patainput N
(XTOUT) in the dual-clock mode. In <]

the single-clock mode, pins P21 and lpa1a output _,{E E [7] p22 ix7oum
P22 can be used as normal

input/output ports. P
Itis recommended that pin P20 should | STOP :‘oDo

. . QUTEN
be used as an external interruptinput,

Note : *,;don’tcare

a STOP mode release signal input, or XTEN

an input port. f used as an output 2 1 0
port, the interrupt latch is set on the P2 : : : : : P22 : P21 i P20
falling edge of the P20 output pulse. (00024) XTOUTg XTIN 'éhr%%
When a read instruction for portP2is| T (Inltlalvalue wene 111)
executed, bits 7 to 3 in P2 are read in -

as undefined data. . Figure 2-6. PortP2

2.2.4 PortP3(P36toP30)
Port P3isan 7-bit input/ output port, and is also used as a serial bus interface input/ output, an external
interrupt input, a timer/ counter input, and Remote-control signal input. When used as an input port or
a secondary function pin, the output latch should be set to “1”. The output latches are initialized to “1"
during reset.

Control input

Example 1: Outputs an immediate data 5Ay
to port P3 CMP /MCMP / TEST / others
LD (P3),5AH  : P3e5Ay Datainput
SET/CLR/CPL/others
Example 2: Inverts the output of the lower
4bits (P33 to P30) in port P3. Data output P3i
XOR (P3),00001111B ; Output latch
P33 to P30<P33 to P30 Control output

STOP :OD Hi-Z control
OUTEN

Note: i=61t00
7 6 5 4 3 2 1 0

Fgoos ) L P36 : P35 : P34 i P33 ! P32 ! P31 : P30
. §TRD SDAO: SCLO | 1cq [ iNT4 ; TC3 (| INT3
[~ *0is00 ! sio ! ; : L RXIN

{Initial value *111 1111)

Figure 2-7. PortP3

3-39-55
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2.2.5 Port P4 (P47 to P40)
Port P4 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 P4
input/output control register (PACR). Port P4 is configured as an input if its corresponding P4CR bit is
cleared to “0", and as an output if its corresponding P4CR bit is set to “1. During reset, PACR is
initialized to “0", which configures port P4 as an input . The P4 output latches are also initialized to
‘1.

Data is written into the output latch regardless of the sToP
P4CR contents. Therefore initial output data should be OUTEN
written into the output latch before setting PACR. Port PACRi
P4 is also used as a pulse width modulation (PWM) | patainput
output. When used as a PWM output pin, the output
pins should be set to the output mode and beforehand
the output latch should be setto "1”.

Note: Input mode port is read the state of input pin. Data output—> - >
When input / output mode is used to mixed, the
contents of input mode port may be changed by W
executing bit manipulation instructions.
7 .6. 3 44.3 .2 - 1 .0 Note: i=7to0
pa P47 | P46  PAS | P44 : P43 : P42 [ P41 | P4D
(0004,) | PWN7 | TWIE | PWITS | PWNGG ; FWNIS | iz . winat s pwvo | (Initial value: 1111 1111)
PACR 7 6 5 4 3 2 1 0
: : : : : : : initial value : 0000 0000
(000CH) S T R N L )
110 ¢control for port P4 0 : input mode write
P4ACR
1 : output mode anly

Figure 2-8. PortP4 and P4CR

3-39-56
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2.2.6 Port P5 (P57 to P50)

Port P5isan 8-bitinput/output port which can be configured as an input or output in one-bit unit under
software control. Input/output mode is specified by the corresponding bit in the port PS5 input/ output
control register (P5CR). For example, port P5 is configured as an input if its corresponding P5CR bit is
cleared to "0”, and as an output if its corresponding bit is set to “1”. During reset, PSCR is initialized to
“0", which configures port P5 as an input and AINDS (bit 4 in the ADCCR) and SAIN (bit 3 to 0 in the
ADCCR) are initialized to “0”, which configure port P52 as an analog input. The P5 output latches are
also initialized to “1”. Data is written into the output latch regardless of the P5CR contents. Therefore
initial output data should be written into the output latch before setting P5CR.

Port PS5 is also used as an analog input for the A/D converter and a pulse width modulation (PWM). When
used as an analog input, AINDS must be cleared to “0“. The bit used as an analog input must be selected
by SAIN and be specified as input port by P5CR. Unused pin as analog input can be used as input/output
port. Butitis recommended that the contents of output latches for output pins in P5 port should not be
changed during A/D conversion, because an accuracy of A/D conversion is changed for the worse. When
used as a PWM output, output pins should be set to the output mode and beforehand the output latch
should be set to ”"1”. The P5 output latches are initialized to “1%. Data is written into the output latch
regardiess of the P5CR contents. Therefore initial output data should be written into the output latch
before setting P5CR.

i (1
Analog input U

sToP
OUTEN —_oD° ™)
AINDS j:/\ |_°L_/

SAIN

read

P5CRi J1

Data input < <J

Data output > al ] —{] rsi
D Q

2]
ouTeN —o__
L]

N

‘7

Note:i=7to2

P5CRi ——Jh

Data input

I
Lﬂ“_er\'

Data output I[\/ rl_—] ps;
PWMk Note: j=1to0
k=9tc8
p5 7 6 5 4 3 2 1 Q
P57 : P56 i PS5 i P54 : P53 ! PS2 | P51 : P50 .
(00054) IidNS?AINA?AINBI i AINZ  AINT ; AINO : P | Fovia (Initial value: 1111 1111)
PSCR 7 ' 6 _ S ' 4 . 3 » 2 - 1 _ 0
©008y) | s : z 5 ; z (Initial value : 0000 0000}
0 : Input mode write
P5CR /0 control for port P6 1 : Output mode only
Note :  P5CRisawrite-only register and must not be used with any of the read-modify-write instruction.

Figure 2-9. PortP5
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2.2.7 PortP6 (P67 to P60)
Port P6 is an 8-bit input / output port which can be configured as an input or an output in one-bit unit
under software control. Input or output mode is selected by the corresponding bit in the input/output
control register (P6CR). For example, port P6 is configured as an input if its corresponding P6CR bit is
cleared to "0, and as an output if its corresponding bit is set to “1". During reset, P6CR is initialized to
“0“, which configures port P6 as an input. The P6 output latches are also initialized to “1”.
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. Pins P63 to P60 are available high current
output, so LEDs can be driven directly.
Port P6 is also used as an on screen display (OSD) output (R, G, B, and Y/BL signal), an analog input for A/D
converter and a test video signal output.
When used as an OSD output pin, the OSD output pins should be set to the output mode and beforehand
the port P6 data selection register (P67DS to P64DS) should be setto "1”.
When used as an analog input, AINDS (bit 4 in the ADCCR) must be cleared to “0”. The bit used as an
analog input must be selected by SAIN (bit 3 to 0 in the ADCCR) and be specified asinput port by P6CR.
When used as a test video signal output, unused pin as analog input can be used as input/ output port.
But it is recommended that the contents of output latches for output pins in P6 port should not be
changed during A/D conversion, because an accuracy of A/D conversion is changed for the worse.

Note : Inputmode portisread the state of input pin.
When input / output mode is used to mixed, the contents of input mode port may be
changed by executing bit manipulation instructions.

Example : Set the lower 4 bit in port P6 (P63 to P60) to the output port and set the other to the input

port.
LD (P6CR), OFH ; P6CR<«0000 1111B

3-39-58
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O
outen ooten e
PBCRi P6CRj
Data input Datainput

Data output—’| b Q }

[Jesi

Data output [_psi [
Output latch Qutput latch
R.G. B, Y/BL Note: i=7to4 Note ;=302
P6iDS
(a) P67 to P64 (b) P63to P62
Analog input ()
STOP
OUTEN ﬂ R
AINDS jj ’q_/
SAIN
read
P6CRk /LL
Data input < <J
Data output o aq I\l/\ D Pek
(¢) P61to P60 Note :k=1t00
7 6 5 4 3 2 1 0
fgooﬁH) P67 : P66 | P65 | P64 | P63 | P62 | PEI | P6O (nitial value 1111 1111)
oL B iG IR CSOUT: AINT | AING
7 6 5 4 3 2 1 0
P6CR : T } i : T H .
(000D [ ¢ : : : ; : ] (initial value 0000 0000)
0 : Input mode write
P6CR 110 control for port P6 1+ Output mode only

Port P6 data selection register (P67DS to P64DS)
7 6 5 4 3 2 1 0

(0F914) | P67DS | PB6DS i P6SDS i P6ADS | (EFR12) | (EFR11) | (EFR10) | (EFR) (Initial value 0000 0000)
. 0 :Port P6n output latch write
PénDS Selection of the output data for port Pén 1 ‘the OSD output (R, G, B, Y/BL) only

Notel :n=7to4

instructions.

Note2 : P6CR, P67DS to P640D5 is write-only-register and must not be used with any of read-modify-write

Figure 2-10. Port P6, P6CR, and P67DS to P64DS

3-39-59
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2.2.8 PortP7 (P74 to P70)
Port P7 is a 5-bit input / output port, and is also used as a vertical synchronous signal (VD) input and a
horizontal synchrdnous signal (HD) input for the on screen display (OSD) circuitry.
The output latches are initialized to “1” during reset. When used as an input port or a secondary
function pin, the output latch should be setto “17.
When a read instruction for port P7 is executed, bits 7 to 5 in P7 are read in as undefined data.

CMP /MICMP / TEST / others

Data input
SET/CLR/CPL /others
Data output D Q . ™ l DP7i

Output latch

STOP :Dc
OUTEN

— Note: i=4to0, »; don’t care

7 6 5 4 3 2 1 0

p7 : : : p7a i P73 1 P72 i o7yt pyp
: : : % tepatiscuti i |

(0007y) : : H SCKTigoy i i1 : VD i HD |(nitialvalue: »+x1 1111)

Figure 2-11. PortP7

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 a control register (TBTCR) shown in
Figure 2-13.
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 setinterrupt period.
The interrupt frequency (TBTCK) must be selected with the time base timer disabled (When the time
base timer is changed from enabling to disabling, the interrupt frequency can’t be changed.) (both
frequency selection and enabling can be performed simultaneously).

TBTCK :)( )(:

: 1120
TBTEN I ] t22 1 machine cycle
t1 - : t2
Example : Setsthe time base timer frequency to fc/216 [Hz] and enables an INTTBT interrupt.

LD (TBTCR}, 000010108B
SET (EIRL) . &

3-39-60
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MPX INTTBT
223 or fs2'S A interrupt
fer2?! or f52'3 B request
:C/Z:E ot f$/2§ g source clock ‘_T
/2" or 152 Rising
2’3 or fsi25 E D edge sourcedock ] ] | [ L__r-
f2'2 or fs2® F detector : : :
fc/2;1 or fs/23 G TBTEN :
fo2 or fs/2 H : : :
1] L H M
3 )
TBTCK TBTEN INTTBT : n n n—
! ' Interrupt
. TBTCR Enable TBT period
Time Base Timer Control Register
(a} Configuration {b) Time Base Timer interrupt
Figure 2-12. Time Base Timer
7 6 5 4 3 2 1 0
.(rOB(;I;iCGZ) |(ovoz~)] VoK) |(Uv7cx) TBTEN | L TBTCK | | (Initial value :  0x*0 Oxxx)
TBTEN Time base timer 0 : Disable
enable/disable 1: Enable
000 : f¢/223 or f5/215[Hz)
001 : f/22! or fg2'3 Write
010 : f/2'® or f5/28 only
TaTck | Time base timer interrupt 011 : fC/Z:: or f5/2°
frequency select 100 : f/2'3 or fs/2°
101 : 1/2'? or fs12*
110 : fc/2"" or fsi23
111 2 §2° o fs/2
Notel: fc, High-frequency clock [Hz], fs; Low-frequency clock [Hz], * ; don’t care
Note2 :  TBTCRIs a write-only register and must not be used with any of read-modify-write
instructions.
Figure 2-13. 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 Atfc=8MHz At fs=32.768 kHz
000 fo223 fsr21® fs213 0.95 Hz 1 Hz
001 fer2?! fo/213 fs/213 3.81 4
010 fe/2'8 fsr28 - 122.07 128
011 fer2'? f5/2° - 488.28 512
100 fe2"? f5/2° - 976.56 1024
101 fe/2'? fo/2° - 1953.12 2048
10 fer2"! fe/23 - 3906.25 4096
11 fer2° fs/2 - 15625 16384
3-39-61
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2.4 Divider Qutput (DVO)
A 50 % duty pulse can be output using the divider output circuit, which is useful for a piezo-electric
buzzer drive. Divider output is from pin P13 (DVO). The P13 output latch should be set to “1” and then
the P13 shouid be configured as an output.
The divider output circuit is controlted by the control register (TBTCR) shown in Figure 2-14.
Note that TBTCR is a write-only register.

7 6 5 4 3 2 1 0
TBTCR - .
(0036) [DVOENI DVOCK I(ovzcx) I (TBTEN) ‘ (TBTCK), | (Initial value: O**0 Qxxx)
DVOEN | Divider output enable/disable 0: Disable
1: Enable
00 : fo/2'® or f/2 [Ha] W'lite
Divider output (DVO) 01 : fu2'? or fo2* only
pvock frequency selection 10 : fo2'' or fs/23
1 fd2'0 or fy2?
Note 1: fc,; High-frequency clock [Hz], fs; Low-frequency clock [Hz], *, don’tcare
Note2: TBTCR is write-only register and must not be used with any of the read-modify-write
instructions such as SET, CLR, etc.
Figure 2-14. Divider Output Control Register
Example : 1kHz pulse output (at fc =8 MHz)
SET (P1).3 ; P13 output latch «1
LD {P1CR), 000010008 ., Configures P13 as an output
LD (TBTCR), 100000008 . DVOENe&1, DVOCK<«00
Table 2-2. Frequency of Divider Output
DVOCK Frequency of Atfc=8MHz | Atfs=32.768 khHz
Divider Output
00 fa2% o fs2° 0.976 [kHz] 1.024 [kHz]
01 fef2 fs/2* 1.953 2.048
10 for2™ fs/23 3.906 4.096
1" fo/2® fs12? 7.812 8.192
output latch output enable
data output: - > [p13 BV0)

fe/213 or /25 > A
fe/212 or fs/24 > 8
C
D

fc/211 or f5/23 >

P13 output latch
fef210 ar f5/22 > P —r l—‘
DVOCK DVOEN DVOEN ——l L

(a) Configuration {b) Timing Chart

Divider output control register

Figure 2-15. Divider Output
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TOSHIBA

16-bit Timer/ Counter 1 (TC1)
2.5.1 Confiquration
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2.5.2 Control
The timer / counter 1 is controlied by a timer / counter 1 control register (TC1CR) and two 16-bit timer
registers (TREG1A and TREG18). Reset does not affect TREG1A and TREG1B.

TREGIA 15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
(0010, oonH)r A TREG 1Ay (00114) o | . ) TREGTAL (00104) ]
Write only
TREG1B
(0012, 0013,)] TREG 1By (00134) | . TREGIB (0012 |
Read / Write {(Write available in only PP(Q
7 6 5 4 3 2 1 0 output mode }
SCAP1
TCH s
(&] 1C4RH) TEF1 “h’:li?:: TC1S TCiCK TC1M (Initial value : 0000 0000)
MPPG1 L | |
00: timer/external trigger timer/ event counter mode
TCIM TC1 01: window mode
mode select 10: pulse width measurement mode
11: PPG output mode
00: internal clock fc/2"  or fs/2°  [Hz]
TC1CK TCt 01: internal clock fc/2’
source clock select 10: internal clock fe/2?
11: external clock {TC1 pininput)
00: stop & counter clear
TC1s TC1 01: command start Write
start control 10: reserved onl
11: external trigger start 4
.SCAP1 | software capture control | |
CAP pulse width measurement
AP Jeontrol )
METT1 external trigger timer
ontrol e
MPPG1 | PPG output control 0 : cotinuous pulse 1: single pulse
TFFY timer F/F1 control for PPG | . .o 10 set
output mode
Note 1: fc,; High-frequency clock [Hz], fs; Low-frequency clock [Hz]
Note2: Writing to the low-byte of the timer registers (TREG1A,, TREG1B,), the comparison is inhibited
until the high-byte (TREG 1Ay, TREG1By) is written.
Note 3 : Setthe mode, source clock, edge, PPG control and timer FIF control when TC1 stops (TC15 =00).
Noted : Software capture can be used in only timer and event counter modes.
Note5: Values to be loaded to timer registers must satisfy the following condition.
TREGIA>TREG18>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 access any of in read-modify-write instruction such
as bit operate, etc.
Note 8: TREG1B cannot be written after setting to PPG output mode.

Figure 2-17. Timer Registers and TC1 Control Register
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2.5.3 Function

Timer / counter 1 has six operating modes: timer, external trigger timer, event counter, window, pulse
width measurement, 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 t0”0”. Counting up resumes after the counter is cleared. The current
contents of up-counter can be transferred to TREG1B by setting SCAP1 (bit 6 in TCI1CR) to “1"
(software capture function). SCAP1 is automatically cleared after capturing.

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 | At fc=8MHz | Atfs=32.768kHz
fe/2° [Hz] fe/2° [Hz) - 1 w8 - 65.5 ms -
rd fo/2? - 16 us - 10 s -
fo2m fs/23 5722 [Hz) 256 us 244.14 s 16.7 s 160 s
Example 1 : Sets the timer mode with source clock fs/23[Hz] and generates an interrupt 1 [s]

later (at fs = 32.768 kHz).
LD (TC1CR), 000000008 ; Setsthe TC1 mode and source clock

LDW (TREG1A), 1000H ; Setsthe timer register (1s +23/fs = 1000y)
SET (EIRL), EF4 ; Enable INTTC1 interrupt
El :

LD (TC1CR), 000100008 ; Starts TC1

Example2 : Software capture
LD (TC1CR), 010100008 ; SCAP1«1(Captures)
LD WA, {TREG1B) ; Reads captured value

3-39-65
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Command start

Source clock |I|:|I||||||III||||I|||I|||||||I|I||I
i

Up-counter (1 X2 X3 X o) n-1

TREGIA ? x n
i Match Counter
INTTC1 interrupt : detect ir}‘ clear
(a) Timer

Source clack | I I I | I | l l | I | ) | I | | I I | |
PO €D €D 0D €5 €0 G Y €XB EEI €350

capture capture

l
-~ e
SCAP 1 ” ﬂ

(b) Software Capture

TREG1B

Figure 2-18. 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 to”0” and halted. The counter is restarted by the
selected edge of the TC1 pin input.

The TC1 pin input has the same noise rejection as the INT2 pin; therefore, pulses of 7/fc [s] or less are
rejected as noise. A pulse width of 24/fc [s] or more is required for edge detection in NORMAL1/2 or
IDLE1/2 mode. The noise rejection circuit is turned off in SLOW and SLEEP modes. But, a pulse width
of 4ffs [s] or more is required.

Example 1:  Detectsrising edge (in TC1 pin input) and generates an interrupt 100 us later.
(at fc =8 MHz)
LD (EINTCR), 000000008 ; INT2ES<0 (rising edge)

LDW (TREG1A), 0064H ;100 ps + 23/fc = 64y
SET  (EIRL).EF4 ; Enables INTTCH
El

LD (TC1CR), 001110008 ; Starts TC1 with an external trigger, METT =0

Example2: Generates an interrupt, inputting “L" level pulse {(pulse width: 4 [ms] or more) to
the TC1 pin. (at fc =8 MHz)
LD (EINTCR), 00000100B; INT2ES«1 ("L" level)
LDW (TREG1A), 00FAH : 4ms+27/fc=FAy
SET (EIRL). EF4 ; Enables INTTC1
3
LD (TC1CR), 011101008 ; Starts TC1 with an external trigger, METT =1

3-39-66
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count start count restart
TC1 pininput trigger W + trigger (INT2ES = 0)

o

i

Internal clock |IIII|:I||II|II IIl'IIllllIIIIIIl
1]
1

TREG1A

EaCC T €3 € €D S G O GETE €5 €3 € €
1}
X n

INTTCH

match \n)

clear

start

count

(a) Trigger Start (METT = 0)

count
clear

Internal clock -

TC1 pininput } trigger

count
start

* trigger }trigger

sbd@s '

+_rising edge select
(INT2ES=0)

f
@0

TREG1A

X n

b

INTTC1

/
match hclear

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

Note: m<n

Figure 2-19. External Trigger Timer Mode Timing Chart

(3) EventCounter Mode

In this mode, events are counted at 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 fc/24 [Hz] in NORMAL1/2 or IDLE1/2 mode and fs/24 [Hz] in SLOW or

SLEEP mode.

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

Command start

Y
TC1 pininput Hi I_LH I—l

Up-counter 0 m

X

4
i

i B [y N

TREG1A X n

o« X n-1 n 0 2
H L1
Match Counter
detect \ clear

1)
1
INTTC1 interrupt ;

Figure 2-20. 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” transferres 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 l ‘ |
j ) i i
' A P T
Up-counter 0 GG XX s X XX o X X2
1

TREG1A X 7

1
. i match in/ clear
INTTC1 interrupt !

{a) Positive Logic (INT2ES = 0)

command start

{

TC1 pininput

t
t
]
]
|
t
¢
]

internal clock IlllllllIlllllllllllllllll.lllllI
1
1 ry

5 6 6 6O Gl O € 00
match j’(iear

o -Foor - - gl

Up-counter

1

4

4

1
TREG1A o
X j

'

1

INTTC1 interrupt

(b) Negative Logic (INT2ES=1)

Figure 2-21. Window Mode Timing Chart

(5) Pulse width measurement mode

Counting is started by the externai 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
TCI1CR).
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Internal clock

Up-counter

TREG1B

INTTCH

TC1 pininput

Internal clock

Up-counter

TREG1B

INTTCH

——

B 00,0/ 5/

TMP87CM39/P39/539
count count
start start
TC1 pininput Atrigger r—

IU’LFLH.J'LMLI’U’U’U’LJ_LI_LFLFLI'L

OO

capture

n

_I_Lﬂ

DQGQ @ﬂ@@@ GHMD
capture capture
Y

count
start

[Applications] High or low pulse width measurement

(a) Single Edge Capture

count
start

n

x\

i

[Applications] @ Period / Frequency measurement

@ Duty measurement

{b) Double Edge Capture

Example

Figure 2-22. Pulse Width Measurement Mode Timing Chart

Duty measurement (Resolution fc/27 [Hz])

CLR (INTTC1SW). 0 : INTTC1 service switch initial setting
LD (EINTCR), 00000000B ; Setstherise edge at the INT2 edge
LD (TC1CR), 000001108 ;  Setsthe TC1 mode and source clock
SET (EIRL). EF4 ; Enables INTTC1
E!
LD (TC1CR), 001101108 ; Starts TC1 with an external trigger
PINTTC1: CPL  (INTTC1SW).0 ; Complements INTTC1 service switch
JRS F, SINTTC1
LD (HPULSE), (TREG1BL) ; Reads TREG1B
LD (HPULSE + 1), (TREG1BH)
RETI
3-39-69
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SINTTC1: LD (WIDTH), (TREG18L) ;  Reads TREG1B (Period)
LD (WIDTH + 1), (TREG1BH)

RET!
VINTTC1: DW  PINTTCY

WIDTH

HPULSE

TC1 pin —_— __I l |———
L

INTTC1SW J

(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 output is 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 P1CR4. Timer F/F1is
cleared to “0" during reset. The timer F/F1 value can also be set by program and either a positive or
negative logic pulse output is available. Also, writing to the TREG18 is not possible unless the timer /
counter 1issetto the PPG output mode with TCTM.
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internal clock ||||||III|I|||||III”I|I|“||I|I command start

IR0 © 0 0D H 00 HE D 8.00E
D RN S S

TREG1B
TREG1A :X m match\\ \k) \\ \¥

PPG pin output l l | |

Note:m>n
INTTC | | n ﬂ n

(a) Pulse

TC1 pininput J trigger I external trigger start
Up-counter D a”ﬁ@ W o
TREG1B :xn &\, l

TREG1A :Xm 1 }

PPG pin output l |

INTTC1 I_I Note:m>n

[Applications] One shot pulse output

(b) Single

Figure 2-23. PPG Output Mode Timing Chart

Example : Pulse output(“H" level « 800 us, “L" level « 200 us) (at fc = 8 MHz)
SET  (P1).4 ; P14 outputlatch <1
LD (P1CR), 00010008 ; Setsthe P14 output mode
tD (TC1CR), 100000118 ; Setsthe PPG output mode TFF =1
LDW (TREG1A),03E8H ; Setsthe period (1 ms+ 1 us=03E8y)
LDW (TREG1B),00C8H ; Setsthe “L” level pulse width (200 us + 1 x5 = 00C8y)
LD (TC1CR), 100100118 ; Command start
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P14 output latch

Data output

TC1CR write strobe D L dear g P14(PPG) pin

reset
match with TREG1B >—_D
toggl
match with TREG 1A >=—— oggle
’ B
INTTC1interrupt -{Y Timer F/F 1
A
3 TC1S clear signal
MPPG1

Figure 2-24. PPG Output

2.6 16-bit Timer/ Counter 2 (TC2)

2.6.1 Configuration

TC2S
TC2 pin
MPX
window
f223 or 1872150 >l dear
fo/213 or f5/25—»-Ip l 16-bit up-counter
f/28y — wc source
f/23y——>|D Y clock
fo—|E
for—
ES_ TC2M comparator INTTC2
3 interrupt
enable
TC20K e -
TC2CR | TREG2 l
Timer/Counter 2 control register 16-bit timer register 2 TREG2H TREG2L
write strobe write strobe

Figure 2-25. Timer/Counter 2 (TC2)

3-39-72
B 9097249 003689k 599 WA



TOSHIBA TMP87CM39/P39/539

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 the TREG2.

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

TREG2
(0016, 0017, .  TREG2,{0017,) ) A : : o [REGZ, (0016y) X 1
write only
o ol 8. 5 & 3 2 1 0
015 ... (Tces]  qo, | TCZM (Initial value : %00 00%0)
TC2M Timer/ counter 2 operating 0 : Timer/Event counter mode
mode select 1 : Window mode
000 : Internal clock fo/2  or f5/2"[Hz}
001 : ” f/2  or fs/2°
010 : » fer2t
TC2CK | Timer/counter 2 011 : ” f¢/23 write
source clock select 100 : z fc {Note 5) only
101 : “ fs
110 : Reserved
111 : External clock (TC2 pin input)
TC2s Timer / counter 2 0 : Stop and counter clear
start control 1: Start

Note 1: fc; High-frequency clack [Hz], fs; Low-frequency clock [Hz], *;don't care

Note2: When writing to the low-byte of timer register 2 (TREG2,), the comparison is inhibited untif
the high-byte (TREG2,) 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 timericounter stop (TC2S = 0).

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

TREG2 > 0(TREG2;5 1o 11> 0 when warm-up).

Note5: “fc”can be selected as the source clock only in the timer mode during the SLOW mode.

Note6: TC2CR and TREG2 are write-only registers and must not be used with any of the read-
modify-write instructions such as SET, CLR, etc.

Figure 2-26. 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 TREG2y 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 ’ Ath Atf
SLOW mode | SLEEP mode = _ €= _

DV7CK =0 DV7CK = 1 8 MHz At fs=32.768 kHz 8 MHz Atfs=32.768 kHz
fc/22[Hz] fs/2"3[Hz] 512" [Hz] fs/2" [Hz} 1.05 s 1 s 19.1 hour 18.2 hour
fa2n fs/2° fs/2° fsf2® 1.02 ms 1 ms 1.1 min 1 min
fe/2? fo/2® - - 32 s 21 s
fo23 fo2 - - 1 s 65.5 ms

- - fc(Note) - 125 ns 79 ms
fs fs - - - 305 us - 2 s
Note:  “fc” can be used only in the timer mode. J

Example

Sets the timer mode with source clock fc/23 [Hz] and generates an interrupt every
25 ms (at fc = 8 MHz).

LD
LDW
SET
El

LD

(2) Event Counter 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 INTTCZ2 interrupt is
generated, and the counter is cleared. The maximum frequency applied to the TC2 pin is f¢/24 [Hz]in
NORMAL1/2 or IDLE1/2 mode, and fs/24 [Hz] in SLOW or SLEEP mode. Two or more machine cycles
are required for both the “H” and “L" levels of the pulse width.

Example

(TC2CR), 00001100B ; Sets the TC2 mode and source clock
(TREG2), 61A8H : Sets TREG2 (25 ms + 23/fc = 61A8RH)
(EIRH), EF14 ; Enables INTTC2 interrupt

(TC2CR), 00101100B ; StartsTC2

Sets the event counter mode and generates an INTTC2 interrupt 640 counts later.

LD
LDW
SET
El

LD

(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.

Example

(TC2CR), 000111008 ; Setsthe TC2 mode
(TREG2), 640 ; Sets TREG2
(EIRH). EF14 ; Enables INTTC2

(TC2CR), 00111100B ; StartsTC2

Generates an interrupt, inputting “H" level pulse width of 120 [ms] or more.
(at fc=8 MHz)

LDW
SET
El

LD

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

(TC2CR), 001001018 ; Starts TC2
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TC2 pin input | ] I

]
I
Internal clock Illllll||I|Ill|||||l|:||l|||||||
1
1
Up-counter 6 S = GRS © 0 0 6D & €

TREG2 X n

D

INTTC2 interrupt

match kn}

counter clear

Figure 2-27. Window Mode Timing Chart

2.7 8-BitTimer/Counter 3 (TC3)

2.7.1 Configuration

i inhibit

rising

Edge o Capture
detector | 12791 onteol

[ INTTC3

interrupt

TC3M TC3s Js

clear

TC3ES '-——L

fa212or fsf24 —————>| source clock
fe/2Worfs/22 ———>

fo2? >

8-bit up -counter

@® > ©
<

[a]

overflow

TC3CK

E capture

TREG3B TREG3A

TC3S SCAP 8-bit Timer Reglster 3A,38

TC3CR
Timer/ Counter 3 Contro! Register

R

;

TGM

u#@

capture

Figure 2-28. Timer/Counter 3
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272 Control
The timer / counter 3 is controlled by a timer / counter 3 control register (TC3CR) and two 8-bit timer
registers (TREG3A and TREG3B). Reset does not affect these timer registers.

7 6 5 4 3 2 1 0

TREG3A . . . . - - -
0018) | 5 : : : : : : | Read / Write
TREG38 H H H H H : H
(0019,) r : : : : : : . ] Read only
7 6 5 4 3 2 1 0
TC3CR e R e IR » .
oray .. scar] [ross] Taek | [ream]  gnitialvalue:  <0+000+0)
TC3M Timer/ counter 3 0 : Timer/event counter
operation mode set 1: Capture
00 : Internal clock f/2? or fs2* [Hzl
TC3CK Timer/ counter 3 01 : Internal clock fo/2®  or fy2?
source clock select 10 : Internal clock fa2’ Write
11 : External clock (TC3 pininput) only
TC3s Timer/ counter 3 Q0 : Stop & clear
start select 1: Start
SCAP Software capture control 0: -
1 : Software capture
7 6 S 4 3 2 1 0
EINTCR INTT | (NTO | (TC4 [ (INT4 | 7C3 | (NTZ | aNTT1 |77 s .
(0037, NS R R (Initial value : 0000 000)
TC3ES | TC3 edge select 0 Rising edge write
1 : Falling edge only

Note 1: fc; High-frequency clock [Hz] fs; Low-frequency clock [Hz] +;don’tcare
Note2: Setthe mode, the source clock and the edge selection (INT3ES) when the TC3 stops (TC3S = 0).
Note 3: Values to be loaded into timer register 3A must satisfy the following condition.
TREG3A > 0 (in the timer/event counter mode)
Noted: TC3CRis a write-only-register and must not be used with any of read-modify-write instructions.

Figure 2-29. Timer Register 3 and TC3 Control Registers

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

(1) Timer Mode
In this mode, the internal clock shown in Table 2-5. 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-couter is
cleared. The current contents of up-counter are loaded into TREG3B by setting SCAP (bit 6 in TC3CR)
to “1". SCAP is automatically cleared after capturing.

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 fe=8 MHz fs=32.768kHz fc=8 MHz fs=32.768 kHz
/2 or f2'  [Hz) fs/2* [Hz] 512 s 488.28 15 131.1 ms 1245 ms
fc2"  or f2? - 128 s 122.07 us 326 ms 31.12 ms
fo/2? - 16 - 4.1 ms -
3-39-76
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(2) Event Counter Mode
In this mode, the TC3 pin input pulses are used for counting up. Either the rising or falling edge can
be selected with TC3ES (bit 3 in EINTCR). The contents of TREG3A are compared with the contents of
the up-counter. If a match is found, an INTTC3 interrupt is generated and the counteris cleared. The
maximum applied frequency is f¢/2* [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.
The current contents of up-counter are loaded into TREG3B by setting SCAP (bit 6 in TC3CR) to “1"
SCAP is automatically cleared after capturing.

Example . Generates an interrupt every 0.5 [s], inputting 50Hz pulses to the TC3 pin.
LD (TC3CR), 000011008 . SetsTC3 mode and source clock
LD (TREG3A), 19H ; 0.5[s]+1/50=25=19y
SET (EIRH) .EF8 ;  EnablesINTTC3 interrupt
El
Lb (TC3CR), 000111008 ; StartTC3

(3) Capture Mode

The pulse width, period and duty of the TC3 pin input are measured in this made, which can be used
in decoding the remote control signals, etc. The counter is free running by the internal clock. On the
rising (falling) edge of the TC3 pin input, the current contents of counter is loaded into TREG3A, then
the up-counter is cleared to “0” and an INTTC3 interrupt is generated. On the falling (rising) edge of
the TC3 pin input, the current contents of the counter is ioaded into TREG3RB. In this case, counting
continues. On the next rising (falling) edge of the TC3 pin input, the current contents of counter are
loaded into TREG3A, then the counter is cleared again and an interrupt is generated. If the counter
overflows before the edge is detected, FFy is set into TREG3A, and the counter is cleared and an
overflow interrupt (INTTC3) is generated. During interrupt processing, it can be determined
whether or not there is an overflow by checking whether or not the TREG3A value is FF4. Also, after
an interrupt (capture to TREG3A, or overflow detection) is generated, capture and overflow
detection are halted until TREG3A has been read out; however, the counter continues.

Up-counter k-2 Koo RKIR 1 Xie X X m X X XXX OO CORCCGG)
TC3 pininput \ l_l
]
TREG3A x k i \ )L" i X FF (overflow)
H ' V ] ] :
TREG38 : j( m E )( re§
. capture : capture 1 overflow
INTTC3 interrupt n n h

Reading TREG3A M M il

Figure 2-30. Timing Chart for Capture Mode (TC3ES =0)
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2.8 8-bit Timer/Counter (TC4)

2.8.1 Configuration

TCaS

source clear
/211 or fs/23 >
fes27

clock N
8-bit up-counter
fer23 >

2
TCACK match
TC4S TCaM q
S
| Tcacr | 1 TREG4 |
Timer /.Counter 4 Control Register  8-bit Timer Register 4
ﬁ ﬁ INTTC4
interrupt

Figure 2-31. Timer/Counter4

Note: MPX; Multiplexer
CMP; Comparator

2.8.2 Control
The timer / counter 4 is controlled by a timer / counter 4 control register (TCACR) and an 8-bit timer

register 4 (TREG4). Resetdoes not affect TREG4.

3-39-78
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Figure 2-32. Timer Register 4 and TC4 Control Registers

2.8.3 Function

The timer/ counter 4 has two operating modes : timer and event counter 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 counter is cleared. Counting up resumes after the counter is cleared.

Table 2-6. Source Clock (Internal Clock) for Timer/Counter 4

il 9097249 0036903 559 WA

Source clock Resolution Maximum setting time
NORMAL1/2, {DLE1/2 mode | SLOW, SLEEP mode | At fc=8MHz At fs=32.768 kHz At fc=8MHz At fs=32.768 kHz
fa2 or fo120  [Hz) fs/2® [Hz} 256 5 24814 s 65.28 ms 62.25 ms
for2? - 16 5 - 4.08 ms -
e/} - 1 us - 255 s -
3-39-79

TMP87CM39/P39/539
5 4 3 2 1 0
;I'OR0E1GB4H) : : : : I Write only
< 5 4 3 2 1 0
Tca .
(oo1cc':4) |Tcas | Tcack UM | (Initial value : 000 0000)
00 : Timer/ event counter mode
TCAM | TC4 operating mode select 01 : Reserved
1* : Reserved
00 : Internal clock fc/2" or f5/2® [Hz) write
01 : Internal clock fe2”
TCAacK [ TC4 I only
C4source clock select 10 : Internal clock f¢/23
11 : External clock (TC4 pin input)
Tcas TC4 start control 0 : Stop and counter clear
1: Start
7 6 5 4 3 2 1 0
EINTCR INTT [ ONTO [ 1CA | (INT4 | (1C3 | GNv2 [ Nt |7 i .
©oz7yy Lo | | % [ ST TR ] (initial value : - 0000 000+)
TC4ES | TC4 edge select 0: R'S",‘g edge write
1: Falling edge only
Note 1:  fc,; High-frequency clack [Hz], fs; Low-frequency clock [Hz], *;don‘t care B
Note2: Set the operating mode, the source clock selection and the edge selection (TCAES) when
the TC4 stops (TC4S =0).
Note3: Always write “1” to bit 7 and bit 6 in TC4CR.
Noted: Values to be loaded to the timer register must satisfy the following condition.
TREG4>0
Note5: TC4CR, EINTCR and the TREG4 are write-anly registers and must not be used with any of
the read-modify-write instructions such as SET, CLR, etc.
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2.9

(2) Event Counter Mode

In this mode, the TC4 pin input (external clock) pulse is used for counting up. Either the rising or
{alling edge can be selected with TC4ES (bit 5 in EINTCR). The contents of TREG4 are compared with
the contents of the up-counter. If a match is found, an INTTC4 interrupt is generated and the
counteris cleared. The maximum applied frequency is f/2% [Hz] in NORMAL1/2 or IDLE1/2 mode, and
s/2% [Hz] in SLOW or SLEEP mode. Two or more machine cycles are required for bath the high and
low levels of the pulse width.

Serial Bus Interface (SBI)

The 87CM39/P39/539 has a 2-channel serial bus interface which employs a clocked-synchronous 8-bit
serial bus interface and an I?C bus.

The serial bus interface is connected to an external device through P35 (SDAG) / P73 (SDA1) and P34
{SCLO) / P72 (SCL1) in the 12C bus made; and through P36 (SCKD) / P74 (SCKT), P35 (SO0) / P73 (SO1), and
P34 (510} / P72 (S511) in the clocked-synchronous 8-bit SIO mode.

The serial bus interface pins are also used as the P3/P7 port. When used as serial bus interface pins, set
the P3/P7 output latches of these pins to “1“. When not used as serial bus interface pins, the P3/P7 port
is used as a normal l/Q port.

29.1 Configuration
— INTSBI Interrupt request
sc. P36
5K (5CK0)
Vo
o] HO P35
Clock (SDA0 /500
Input/
Control e
Qutput |3
} channel| (21 0/510)
fua —> Control
SIO SO
Transfer HO P74
Data Control sl (5CK1)
Control —
12C bus Circuit ————
Ircul
Clock+5ync. | L1 p73
Noise Control AN (SDA1/501)
Canceller Shift 12C bus
Register Data Control Noise SDA +[1P72
Canceller {SCL1/5I1)
| | Reset signal f
gnal far SBI
| 92 | £
SBICR2/
SBISR 12CAR SBIDBR SBICR1 SBICR3
SBI Control Register 2/ 12C bus s8I Data $BI Control Register 1 SBI Control Register 3
SBI Status Register Address Register Buffer Register

Figure 2-33. Serial Bus Interface (SBI)
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2.9.2 Serial Bus Interface (SBI) Control

The following reginsters are used for control and operation status monitoring when using the serial
bus interface (SBI).

® Serial bus interface control register 1 (SBICR1)

® Serial bus interface control register 2 (SBICR2)

® Serial bus interface control register 3 (SBICR3)

® Serial bus interface data buffer register (SBIDBR)
® |2C bus address register (I2CAR)

® Serial bus interface status register (SBISR)

The above registers differ depending on a mode to be used.

Refer to Section “2.9.4 12C bus Mode Control” and “2.9.6 Clocked-synchronous 8-bit SIO Mode
Control”.

2.9.3 The Data Formats in the I2C bus Mode
The data formats when using the 87CM39/P39/539 in the I2C bus mode are shown below.

(a) Addressing format
8 bits 1 [«—11t0 8 bits——>| 1 j~—1to 8 bits —|1 T
TTTTTT]RIA A A
S| Slave address /|C Data C Data clp
WK K K
1 1 or more
(b) Addressing format {(with restart)
8 bits 1 j—1t0 8 bits —|1 8 bits 1 |[=—1to 8 bits —| 1
I'T 1T T T T RrlA A TTTTTT Jria A
S} Slave address 71cC Data C|S| Slave address /|C Data c|P
W K K W] K K
1 1 or more —= 1 1 or more —»
(¢) Free data format
«——8 bits ———| 1 |«—1 t0 8 bits —=| 1 |«—1 to 8 bits ~—|
TTTTTTT [a A A
S Data C Data C Data C|P
K K K
1 lormore ———————>
Notes $ . Start condition
RAW : Direction bit
ACK : Acknowledge bit
P : Stop condition

Figure 2-34. Data Format

3-39-81
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2.9.4 12C Bus Mode Control
The following registers are used for control and operation status monitoring when using the serial bus
interface (SBI) in the 1°C bus mode.

Serial Bus Interface Control Register 1

SBICR1 7 6 5 4 3 2 1 0
0020w [ "B | Jack[ews]  sek | (Initial value 0000 0000)
ACK=0 ACK=1 -
BC [Number of : NUMBEr ot -
Clock Bits Clock Bits
000 8 8 9 8
001 1 1 2 1 .
Write
BC | Number of transferred bits 010 2 2 3 2 only
011 3 3 4 3
100 4 4 5 4
101 5 5 6 5
10 6 6 7 6
111 7 7 8 7
0: Notgenerate clock pulse for acknowledge signal (in master mode) / Read/
[P Not count clack pulse for acknowledge signal (in slave mode) a
ACK | Acknowledge mode specification [ 1. Generate clock puise fora:knowledggesiggnal {in master mode) / Write
Count clock puise for acknowledge signal {in slave mode)
. 0: Channel0 (SCLO, SDAD) Read/
CHS | Input/ Output channel selection .
P P 1: Channel1 (SCL1, SDA1) Write
000 : 181.8kHz
001 : 105.3kHz
010 : 57.1kHz
. . 011 : 29.9kHz at fc = 8 MHz (Output on SCL pin) Write
SCK | clock select
Serial clock selection 100 : 15.3kHz only
101 : 7.72kHz
110 @ 3.88kHz
111 : reserved

Note 1: fc, high-frequency clack [Hz], * ; don’t care

Note2: Setthe BCto "000" before switching to a clock-synchronous 8-bit $10 mode.

Note3: SBICR1 has write-only register bits, which cannot access any of in read-modify-write instructions such as
bit operate, etc.

Serial Bus Interface Data Buffer Register

SBIDBR 4
{0021,) | 7 6 5 3 2 1 0

| | . . . . L] (Initial value **** »+x+)  Read/Write

Note 1:  When writing transmitted data, start from the MSB.

Note2: Cannotread the data which was written into SBIDBR, since a write data buffer and a read data buffer are
independent in SBIDBR. Therefore, cannot access it any of in read-modify-write instructions such as bit
operate, etc.

Note3 : *,; don't care

12C bus Address Register
7 6 5 4 3 2 1 0

12CAR Slave address .
(00224) | sa6 | sas | saa | a3 | sAz |sa1 | sa0 | A (Initial value G000 0000)
A 87CM39/P39/539 slave address
selection Write
ALS Address recognition mode 0 : Slave address recognition only
specification 1 : Non slave address recognition
Note : 12CAR is a write-only register, which cannot access any of in read-modify-write instructions such as bit operate,
etc.

Figure 2-35. Serial Bus Interface Control Register 1/ Serial Bus Interface Data Buffer Register/
12C bus Address Register in the [?C bus Mode

3-39-82
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Serial Bus Interface Control Register 2

SBICR2 7 6 5 4 3 2 1 0
0023 [msT]TRx [ 88 [ PIN | sem [ “0" 1 °0" 1 (nitialvalue 0001 00xx)
MST [ Master/slave selection (Write), 0: Slave
Status monitor (Read) 1: Master
TRX Transmitter / receiver selection (Write), | 0 : Receiver
Status monitor (Read) 1: Transmitter
BB Start/stop generation (Write), 12Cbus | 0 : Generate the stop condition when the M5T, TRX, and Read/
status monitor {Read) PIN are "1”. (Write), Bus free (Read) ' Write
1: Generate the start condition when the MST, TRX,
and PIN are “1”. (Write), Bus busy (Read)
PIN Cancel interrupt service request(Write), | 0 - (Write), Interrupt service requested (Read)
Interrupt service request status 1: Cancel interrupt service request (Write) ,
monitor (Read) Canceled (Read)
00 : Port mode (serial bus interface output disable)
Serial bus interface operating mode 01:SI0mode Write
SBIM . "
selection 10 : PCbus mode only
11 : Reserved
Note1: *;don'tcare

Note2:  Switcha mode to port mode after confirming that the bus is free.

Note3:  Swicha mode to 12Cbus mode after confirming that input signals via port are high level.

Noted:  SBICR2 has write-only register bits, which can not access any of in read- -modify-write instructions such
.as bit operate, etc.

Note5:  Write "0 to bit 1, 0 in the SBICR2.

Serial Bus Interface Status Register
7 6 5 4 3 2 1 0

$BISR [ MST [ TRX | BB | PIN [ AL | AAS [ ADO | LRB | (initial value 0001 0000)
{0023,)
AL | Arbitration lost detection monitor 0: -
. 1: Arbitration lost detected
AAS 1 Slave address match detection monitor | 0: -
) 1 : Slave address match or "GENERAL CALL" detected Read
ADO | "GENERAL CALL" detection monitor 0: - only
1: "GENERAL CALL" detected
LRB | Last received bit monitor 0 : Lastreceived bit "0"
1: Lastreceived bit"1"
Serial Bus Interface Control Register 3
7 6 5 4 3 2 1 o]
| bty Shubateit M Bt et Miadebty st
7 T S I S (Initial value *xxx »xxQ)
SWRST | Software Reset 0: - Read/
1: Initialize SBI (After initialize SB), Writ
SWRST is automatically cleared to 0.) nite

Figure 2-36. Serial Bus Interface Control Register 2/ Serial Bus Interface Status Register
/ Serial Bus Interface Control Register 3 in the 12Cbus Mode

(1) Acknowledge mode specification

Set the ACK (bit 4 in the SBICR1) to “1” for operation in the acknowledge mode. The
87CM39/P39/539 generates an additional clock pulse for an acknowledge signal when operating in
the master mode, and it counts a clock pulse for an acknowledge signal when operating in the slave
mode. In the transmitter mode during this clock pulse cycle, the SDA pin is released in order to
receive the acknowledge signal from the receiver. In the receiver mode during this clock pulse cycle
the SDA pin is set to the low level in order to generate the acknowledge signal.

Clear the ACK to “0” for operation in the non-acknowledge mode. The 87CM39/P39/539 does not
generate a clock pulse for the acknowledge signal when operating in the master mode, and it does
not count a clock pulse for the acknowledge signal when operating in the slave mode.

’

3-39-83
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(2) Number of transfer bits
The BC (bits 7 to 5 in the SBICR 1) is used to select a number of bits for next transmitting and receiving
data.
Since the BC is cleared to "000” by a start condition, a slave address and direction bit transmissions
are executed in 8 bits. Other than these, the BC retains a specified value.

(3) Serial clock
a.Clock source
The SCK (bits 2 to 0 in the SBICR1) is used to select a maximum transfer frequency outputed on the
SCL pin in the master mode.

F_L ~
SCK n
(bits2 to 0 in the SBICR1)

tLow = 2"ic 000 4
1 5

tigH = 2V + 12/fc g?o 6
fscl = 1/t ow + thiGH) ?é(‘l) ;
101 9

Note : fc; high-frequency clock 110 10

Figure 2-37. Clock Source

b.Clock synchronization

In the 12C bus mode, in order to wired-AND a bus, a master device which pulls down a clock line to
low-level, in the first place, invalidate a clock pulse of another master device which generates a high-
level clock pulse. The master device with a high-level clock pulse needs to detect the situation and
implement the following procedure.

The 87CM39/P39/539 have a clock synchronization function for normal data transfer even when
more than one master exists on a bus.

The example explains clack synchronization procedures when two masters simultaneously exist on a
bus.

Wait counting high-level
width of a clock pulse

| e Start counting high-level
| ! width of a clock puise
1

N

SCL pin (Master 1)

| Reset a counter of high-level :

SCL pin (Master 2) twidth of a clock pulse

SCL (Bus)

—
1
1
1
I
(
]
.
a

fo T R
n

Figure 2-38. Clock Synchronization

As Master 1 pulls down the SCL pin to the low level at point "a”, the SCL line of the bus becomes the
low level. After detecting this situation, Master 2 resets a counter of high-level width of an own
clock pulse and sets the SCL pin to the low level.

3-39-84
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Master 1 finishes counting low-level width of an own clock pulse at point “b” and sets the SCL pin to
the high level. Since Master 2 holds the SCL line of the bus at the low-level, Master 1 waits for
counting high-level width of an own clock pulse. After Master 2 finishes counting low-level width of
an own clock pulse at point “c” and Master 1 detects the SCL line of the bus at the high-level and
starts counting high-level of an own clock pulse.
The clock pulse on the bus is determinded by the master device with the shortest high-level width
and the master device with the longest low-level width from among those master devices connected
to the bus.

(4) Slave address and address recognition mode specification
When the 87CM39/P39/539 is used as a slave device, set the slave address and ALS to the I2CAR. Clear
the ALS to “0“ for the address recognition mode.

{5) Master/slave selection
Set the MST (bit 7 in the SBICR2) to “1" for operating the 87CM39/P39/539 as a master device. Clear
the MST to "0” for operation as a slave device. The MST is cleared to “0” by the hardware after a
stop condition on a bus is detected or arbitration is lost.

(6) Transmitter/receiver selection
Set the TRX (bit 6 in the SBICR2) to “1” for operating the 87CM39/P39/539 as a transmitter. Clear the
TRX to “0" for operation as a receiver. When data with an addressing format is transferred in the
slave mode, when a slave address with the same value that an I2CAR or a GENERAL CALL is received
(all 8-bit data are "0 after a start condition), the TRX is set to 1" by the hardware if the direction
bit (RAW) sent from the master device is “1 “,and is cleared to “0” by the hardware if the bit is “0”. In
the master mode, after an acknowledge signal is returned from the slave device, the TRX is cleared to
“0” by the hardware if a transmitted direction bitis “1”, and is set to “1“ by the hardware if it is “0”.
When an acknowledge signal is not returned, the current condition is maintained.
The TRX is cleared to “0” by the hardware after a stop condition on the I2C bus is detected or
arbitration is lost.

(7) Start/stop condition generation
When the BB (bit 5 in the SBICR2) is “0”, the slave address and the direction bit which are set to the
SBIDBR are output on a bus after generating a start condition by writing “1” to the MST, TRX, BB,
and PIN. It is necessary to set transmitted data to the data buffer register (SBIDBR) and set “1” to

ACK beforehand.
- r—==="
SCL pin ! 1
| - =
SDA pin E\:/AG XAs X aa X a3 X a2 X a1 XA X rRw J
Start  |«————slave address and the direction bit | Acknowledge
condition signal

Figure 2-39. Start Condition Generation and Stave Address Generation

When the BB is "1”, a sequence of generating a stop condition is started by writing “1” to the MST,
TRX, and PIN, and “0" to the BB. Do not modify the contents of MST, TRX, BB and PIN until a stop
condition is generated on a bus.

Lownd
Stop condition

Figure 2-40. Stop Condition Generation

3-39-85
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(8)

The bus condition can be indicated by reading the contents of the BB (bit 5 in the SBISR). The BB is
setto “1“ when a start condition on a bus is detected,and is cleared to “0” when a stop condition is
detected on a bus.

Interrupt service request and cancel

When a serial bus interface interrupt request (INTSBI) occurs, the PIN (bit 4 in the SBISR) is cleared to
Q. During the time that the PIN is “0”, the SCL pin is pulled down to the low level.

The PIN is cleared to “0” when 1-word of data is transmitted or received. Either writing/reading data
to/from the SBIDBR sets the PIN to “1“.

The time from the PIN being set to “1“ until the SCL pin is released takes tLow.

In the address recognition mode (ALS = 0), the PIN is cleared to "0” when the received slave address is
the same as the value set to the I2CAR or when a GENERAL CALL is received (all 8-bit data are “0"
after a start condition). Although the PIN (bit 4 in the SBICR2) can be set to “1” by the program, the
PIN is not cleared to "0” when it is written “0".

Serial bus interface operation mode selection

The SBIM (bit 3, 2 in the SBICR2) is used to specify the serial bus interface operation mode. Set the
SBIM to “10” when used in the 12C bus mode after confirming that input signal via port is high level.
Switch a mode to port after confirming that the bus is free.

(10) Arbitration lost detection monitor

Since more than one master device can exist simultaneously on a bus in the 12C bus mode, a bus
arbitration procedure is implemented in order to guarantee the contents of transferred data.

Adata on the SDA line is used for bus arbitration of the 1°C bus.

The following shows an example of a bus arbitration procedure when two master devices exist
simultaneously on a bus. Master 1 and Master 2 output the same data until point “a". After Master
1 outputs “1” and Master 2, “0”, the SDA line of the bus is wire-AND and the SDA line is pulled down
to the low level by Master 2. When the SCL line of the bus is pulled up at point “b”, the slave device
reads a data on the SDA line, that is, data in Master 2. A data transmitted from Master 1 becomes
invalid. The state in Master 1 is called ARBITRATION LOST. A master device which loses arbitration
releases the SDA pin in order not to effect data transmitted from other masters with arbitration.
When more than one master sends the same data at the first word, arbitration occurs continuously
after the second word.

SCL (Bus) _\__/_\_/—\:_V—\_/_\—/_\—-/—- T
] ]

R
I o N A

1
1
SDA pin (Master 2) \ / \ i
{
SDA (Bus) \ / \ !

Figure 2-41. Arbitration Lost

The 87CM39/P39/539 compares levels of the SDA line on a bus with those of the 87CM39/P39/539 SDA
pin at the rising edge of the SCL line. If the levels are unmatched, arbitration is lost and the AL (bit 3
in the SBISR) issetto “ 1.

When the AL is set to “17, the MST and TRX are cleared to “0" and the mode is switched to a slave
receiver mode. The 87CM39/P39/539 generates the clock pulse until data is transmitted when the AL
is“1".

The AL is cleared to “0” by writing/reading data to/fram the SBIDBR or writing data to the SBICR2.

3-39-86
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SCL pin

Master
A <soApm \o72 X0eA XosA X(0aa XA Xo2a DA X50A \CZY €79 9 s

Clock pulse generated |

<SCL pin 1 2\ /3\ /a\ /s\ /e\ /7\ /e\ /o

| ——
SDA pin D7B ‘j Keep SDA pin to high-level as losing arbitration.
AL ! L

MsT (
L )

7

Accessed to rL
SBIDBR or SBICR2

Master
B

Figure 2-42. Example when 87CM39/P39/539 is a Master Device B

{11) Slave address match detection monitor
The AAS (bit 2 in the SBISR) isset to ”1” in the slave mode, in the address recognition mode (ALS =0),
when receiving GENERAL CALL or a slave address with the same value that is set to the I2CAR. When
the ALSis "1”, the AAS isset to “1” after receiving the first 1-word of data. The AAS is cleared to “0”
by writing / reading data to / from a data buffer register.

(12) GENERAL CALL detection monitor
The ADO (bit 1 in the SBISR) is set to “1” in the slave mode, when all 8-bit received data is “0”, after a
start condition (GENERAL CALL). The ADQ is cleared to “0" when a start or stop condition is detected
on a bus.

(13) Last received bit monitor
The SDA value stored at the rising edge of the SCL is set to the LRB (bit 0 in the SBISR). In the
acknowledge mode, immediately after an INTSBI interrupt request is generated, an acknowledge
signal is read by reading the contents of the LSB.

(14) Software reset function
Software reset function is used to initialize SBI, when SBl is locked by external noise, etc.
SWRSTissetto “1”, internal reset signal pulse is generated and inputted into SBI circuit.
All command registers and status registers are initialized to an initial value.
SWRST is automatically cleared to “0” after initialize SB! circuit.

2.9.5 Data Transfer in 12C bus Mode

(1) Device Initialization
Set the ACK, CHS, and SCK in the SBICR1. Clear “0” to bit7to 5.
Set aslave address and the ALS (ALS =0 when an addressing format) to the I2CAR.
After confirming that input signals via port are high-level, for specifying the default setting to a
slave receiver mode, clear “0” to the MST, TRX, BB, and set “1” to the PIN, “10” to the SBIM, and “0”
to bit0and 1in the SBICR2.

3-39-87
B 9097249 003L911 bL25 HR



TOSHIBA TMP87CM39/P39/539

2

Start Condition and Slave Address Generation

Confirm a bus free status (when BB =0).

Set the ACK to “1* and specify a slave address and a direction bit to be transmitted to the SBIDBR.
When the BB is “0”, the start condition are generated and the slave address and the direction bit
which are set to the SBIDBR are output on a bus by writing “1” to the MST, TRX, BB and PIN. A slave
device receives these data and pulls down the SDA line on a bus to the low-level at the acknowledge
signal timing. An INTSBI interrupt request occurs at the 9th falling edge of the SCL clock cycle, and
the PIN is cleared to “0”. The SCL pin is pulled down to the low-level while the PIN is "0”. When an
interrupt request occurs, the TRX changes by the hardware according to the direction bit only when
an acknowledge signal is returned from the slave device.

/AG XAas  Xaa XAz Xa2 XAl XA0 )(R/W)’ _\—
Acknowledge

Y
Start condition Slave address + direction bit signal from a
Slave device

PIN
INTSBI T

interrupt
request l I

Figure 2-43. Start Condition Generation and Slave Address Transfer

(3) 1-word Data Transfer

Check the MST by the INTSBI interrupt process after an 1-word data transfer is completed, and

determine whether the mode is a master or slave.

a. When the MSTis " 1" (Master mode)

Check the TRX and determine whether the mode is a transmitter or receiver.

@® When the TRX is “1” (Transmitter mode)
Check the LRB. When the LRB is “1”, a receiver does not request data. Implement the process to
generate a stop condition (Refer to 2.9.5. (4) ) and terminate data transfer.
When the LRB is 0", the receiver requests new data. When the next transmitted data is other
than 8 bits, set the BC and write the transmitted data to the SBIDBR. After writing the data, the
PIN becomes “1”, a serial clock pulse is generated for transferring a new 1-word of data from the
SCL pin, and then the 1-word data is transmitted. After the data is transmitted, an INTSBI
interrupt request occurs. The PIN becomes "0” and the SCL pin is pulled down to the low-level.
If the data to be transferred is more than one word in length, repeat the procedure from the LRB
checking above.

——Write to SBIDBR
SCLpin 1 2 3 4 5 6 7 8 ]
DApin
SDA pin b7 XD XDs Xpa XD3  Xp2 Xo1  X00 \__\‘
Acknowledge signal
PIN J from a receiver
INTSBI ¢
interrupt request  _ I l___

Figure 2-44. Example when BC ="000", ACK = “1” in Transmitter Mode
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@ When the TRX is "0" (Receiver mode)

When the next transmitted data is other than 8 bits, set the BC again. Set the ACK to 1" and
read the received data from the SBIDBR (data which is read immediately after a slave address is
sent is undefined). After the data is read, the PIN becomes “1”. The 87CM39/P39/539 outputs a
serial clock pulse to the SCL to transfer new 1-word of data and sets the SDA pin to “0” at the
acknowledge signal timing.

An INTSBI interrupt request occurs and the PIN becomes "0”. Then the 87CM39/P39/539 pulls
down the SCL pin to the low level. The 87CM39/P39/539 outputs a clock pulse for 1-word of data
transfer and the acknowledge signal each time that received data is read from the SBIDBR.

——Read SBIDBR

SCL pin 1 2 3 4 5 6 7 8 9

LI G CR C CONE.C I CID 2 ?K"';"f"f"e@'57

PiN I to a transmitter

(”_:

interrupt request

Figure 2-45. Example when 8C="000", ACK="1" in Receiver Mode

In order to terminate transmitting data to a transmitter, clear the ACK to “0” before reading
data which is 1 word before the last data to be received. The last data does not generate a clock
pulse for the acknowledge signal. After the data is transmitted and an interrupt request has
occurred, set the BC to “001” and read the data. The 87CM39/P39/539 generates a clock pulse
for a 1-bit data transfer. Since the master device is a receiver, the SDA line on a bus keeps the
high level. The transmitter receives the high-level signal as an ACK signal. The receiver indicates
to the transmitter that data transfer is complete.

After 1-bit data is received and an interrupt request has occurred, the 87CM39/P39/539
generates a stop condition (Referto 2.9.5. (4) ) and terminates data transfer.

Acknowledge signal
sent to a transmitter

N ] ] I (R
1
INTSBI < [ ( !
interrupt request __ﬂ i nl ”._..
"0" —» ACK, “001" —»BC,
Read SBIDBR Read SBIDBR

Figure 2-46. Termination of Data Transfer in Master Receiver Mode
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b.When the MSTis "0" (Slave mode)

In the slave mode, an INTSBI interrupt request occurs when the 87CM39/P39/539 receives a slave
address or a GENERAL CALL from the master device, or when a GENERAL CALL is received and data
transfer is complete after matching a received slave address. In the master mode, the
87CM39/P39/539 operates in a slave mode if it is losing arbitration. An INTSBI interrupt request
occurs when word data transfer terminates after losing arbitration. When an INTSB! interrupt
request occurs, the PIN (bit 4 in the SBICR2) is cleared, and the SCL pin is pulled down to the low level.
Either reading/writing from/to the SBIDBR or setting the PIN to “1” releases the SCL pin after taking
tLow time.

In the slave mode, the 87CM39/P39/539 operates either in normal slave mode or in slave mode after
losing arbitration.

Check the AL (bit 3 in the SBISR), the TRX (bit 6 in the SBISR), the AAS (bit 2 in the SBISR), and the ADO
(bit 1 in the SBISR) and implements processes according to conditions listed in the next table.

Table 2-7. Operation in the Slave Mode

TRX | AL | AAS | ADO Conditions Process

1 1 1 0 | The 87CM39/P39/539 loses arbitration when | Set the number of bits in 1-word to the BC
transmitting a slave address and receives a | and write transmitted data to the SBIDBR.
slave address of which the value of the
direction bit sent from another master is
"1,

0 1 0 |In the slave receiver mode, the
87CM39/P39/539 receives a slave address of
which the value of the direction bit sent
from the masteris 1.
0 0 |in the slave transmitter mode, 1-word data | Check the LRB. If the LRB is set to "17, set
is transmitted. the PIN to “1” since the receiver does not
request next data. Then, clear the TRX to
“0" release the bus. If the LRB is cleared to
“0", set the number of bits in a word to the
BC and write transmitted data to the SBIDBR
since the receiver requests next data.

0 1 1 1/0 | The 87CM39/P39/539 loses arbitration when | Read the SBIDBR for setting the PIN to "1”
transmitting a slave address and receives a | (reading dummy data) or set the PINto “1”.
slave address or GENERAL CALL of which
the value of the direction bit sent from
another master is "0”.

0 0 | The B7CM39/P39/539 loses arbitration when
transmitting a slave address or data and
terminates transferring word data.

0 1 170 |In the siave receiver mode, the

B7CM39/P39/539 receives a slave address or
GENERAL CALL of which the value of the
direction bit sent from the master is "0".

0 170 [In the slave receiver mode, the |Set the number of bits in a word to the BC
B7CM39/P39/539 terminates receiving of 1- | and read received data from the SBIDBR.
word data.

3-39-90
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@

Stop Condition Generation

When the BB is "1”, a sequence of generating a stop condition is started by setting “1” to the MST,
TRX and PIN, and “0" to the BB. Do not modify the contents of the MST, TRX, BB, PIN until a stop
condition is generated on a bus. When a SCL line of bus is pulled down by other devices, the
87CM39/P39/539 generates a stop condition after they release a SCL line.

1" —>MST
“1" -3 TRX

"0"->BB
“1" >3 PIN r
SCL pin ; 1 -
: L
- ! -
SDA pin \ ' /\\
1)

PIN _| /
BB (Read) - |

(5)

Figure 2-47. Stop Condition Generation

Restart

Restart is used to change the direction of data transfer between a master device and a slave device
during transferring data. The following explains how to restart when the 87CM39/P39/539 is in the
master mode.

Clear "0” to the MST, TRX and BB, and set "1” to the PIN and release the bus. The SDA pin retains the
high level and the SCL pin is released. Since a stop condition is not generated on a bus, a bus is
assumed to be in a busy state from other devices. Check the BB until it becomes “0” to check that the
SCL pin of the 87CM39/P39/539 is released. Check the LRB until it becomes “1” to check that the SCL
line on a bus is not pulled down to the low-level by other devices. After confirming that a bus stays
in a free state, generate a start condition with procedure 2.9.5. (2).

In order to meet setup time when restarting, take at least 4.7 [us] of waiting time by software from
the time of restarting to confirm that the bus is free until the time to generate the start condition.

“0" - MST 1" 3 MST
“0” - TRX “1" 5 TRX
"0" - BB "1" > BB
“1" 5 PIN “1" S PIN
|"4-7 [es] (Miin.) > — Start condition
SCL (Bus) / \ / Y
\ N H
SCL (pin} / \ / : :
(87CM39/P39/539) ) \ | i
1
SDA (pin) / i i
( :._ _____ 4
LRB |
']
BB I |

PIN I |

Figure 2-48. Timing Diagram when Restarting the 87CM39/P39/539
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2.9.6 Clocked-synchronous 8-bit SIO Mode Control
The following registers are used for control and operation status monitoring when using the serial bus
interface (SBI) in the clocked-synchronous 8-bit 510 mode.

Serial Bus Interface Control Register 1

SBICR1 7 6 5 4 3 2 1 0
(0020y) ISIOSJ lsl\lllo-( SIOM l CHS | L SCK | (tnitial value 0000 0000}
$10S | Indicate transfer start/stop 0:Stop
1: Start

0: Continue transfer

SIOINH | Continue/abort transfer .
1 : Abort transfer (automatically cleared after abort)

00 : 8-bit transmit mode

01: reserved

10 : 8-bit transmit/receive mode
11: 8-bit receive mode

0: channelQ (SCKO, 500, S10)
1: channle1 (SCK1, SO1, SI1)

000 : f/25 ( 250 kHz)

001 : f/26 ( 125kHz)

010 : f/27 (62.5kHz)

011 : fu28 (31.25kHz) atfc=sMHz<%Plft°">
100 : /29 (15.62 kHz) SCKpin
101 : f¢/210 (7.81kHz)

110 : f/211 (3.90 kHz)

111 : External clock (input from SCK pin)

SIOM | Transfer mode select

Write
only

CHS |Input/ Output channel selection

SCK [ Serial clock select

Note !:  fc; high-frequency clock [Hz]

Note2: Clearthe SISO to 0" and set the SIQINH to "1” when setting the transfer mode and serial clock.

Note3: S$BICR1is a write-only register, which cannot access any of in read-modify-write instructions such as bit
operate, etc.

Serial Bus Interface Data Buffer Register
?36?1“) 7 6 5 4 3 2 1 0
W ) titialvalue ssx wxxx)  Read/Write

Note1:  Cannot read the data which was written into SBIDBR, since a write data buffer and a read data
bufferare independent in SBIDBR. Therefore, cannot access it any of.in read-modify-write
instructions such as bit operate, etc.

Note2: don'tcare

Serial Bus Interface Control Register 2

SBICR2 3 2
(0023y)
S8IM : (Initial value #x»% QDxx)
00 : Port mode (serial bus interface output disable)
SBIM Serial bus interface operation mode 01: 510 mode Write
selection 10 : 12C bus mode only
11 : reserved
Note1: *;don'tcare

Note2: Switch a mode to port after data transfer is complete.

Note3: Switcha mode to SIO mode after confirming that input signals via port are high level.

Noted:  SBICR2 is a write-only regiter, which cannot access any of in read-modify-write instructions such as
bit operate, etc.

Note5: Clear “0” to bit7 to 5, 1and 0, and set 1" to bit 4.

Figure 2-49. Serial Bus Interface Control Register 1/Serial Bus Interface Data Buffer Register
/Serial Bus Interface Control Register 2 in SIO Mode
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Serial Bus Interface Status Register

BISR 7 5 4 3 2
{00234)  rreretorereprner ey
wyw Y
SIOF [ Serial transfer operating status 0 : Transfer terminated
monitor 1: Transfer in process Read
SEF [ Shift operating status monitor 0 : Shift operation terminated only
1 : Shift operation in process

Figure 2-50. Serial Bus Interface Status Register in SIO Mode

(1) Serial Clock
a. Clock source
The SCK (bit 2 to 0 in the SBICR1) is used to select the following functions.

@ Internal Clock
In an internal clock mode, any of seven frequencies can be selected. The serial clock is outputto

the outside on the SCK pin. The SCK pin becomes a high-level when data transfer starts. When
writing (in the transmit mode) or reading (in the receive mode) data cannat follow the serial clock
rate, an automatic-wait function is executed to stop the serial clock automatically and hold the
next shift operation until reading or writing is complete.

automatic-wait function
[——]

5CK pin output LITLELE LPLle MR A6 FREFETR
sommonnn N\ Xaer GG XEE XXX E
S A S ———

Write transmitted data :X a Xb Xc

Figure 2-51. Automatic-wait Function

@ External clock {SCK="111")
An external clock supplied to the SCK pin is used as the serial clock. In order to ensure shift

operation, a pulse width of at least 4 machine cycles is required for both high-level and low-level in
the serial clock. The maximum data transfer frequency is 250 kHz (when fc = 8 MHz).

e

tsekL tsckm
tsekL tsekn > 4 teyc Note : teyc = 4/fc (in NORMAL mode, IDLE mode)

Figure 2-52. Maximum Data Transfer Frequency When External Clock input
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b.Shift edge
The leading edge is used to transmit data, and the trailing edge is used to receive data.
@ Leading edge shift
Data is shifted on the leading edge of the serial clock (at a falling edge of the SCK pin input/
output).
@ Trailing edge shift
Data is shifted on the trailing edge of the serial clock (at a rising edge of the SCK pin input/output).

SO pin é\bito X bitt X bitz X bit3 X bita X bits X bite X bit7

shift register Xrosa3210{:7654321X 47650320+ 76543 xn e 1 7658K er 21765 K rx 220276 es00s0e7

(a) Leading edge

SCK pin S Y Y Y N Yy N Y I Y I Yy
sl pin \bith X bitt X bitz ) bit3 X bita X bits X bite X bit?

Shift register

wernnars Yoronnee X100ecresX2100 004 X32100ws4X83210022 503210+ X65432104 X76503210

(o) Trailing edge Note: »,; don’tcare

Figure 2-53. Shift Edge

(2) Transfer mode
The SIOM (bit 5 and 4 in the SBICR1) is used to select a transmit, receive, or transmit/receive mode.
a.8-bit transmit mode
Set a control register to a transmit mode and write transmit data to the SBIDBR.
After the transmit data is written, set the SIOS to “1” to start data transfer. The transmitted data is
transferred from the SBIDBR to the shift register and output to the SO pin in synchronous with the
serial clock, starting from the least significant bit (LSB). When the transmit data is transferred to the
shift register, the SBIDBR becomes empty. The INTSBI (buffer empty) interrupt request is generated
to request new data.
When the internal clock is used, the serial clock will stop and automatic-wait function will be
initiated if new data is not loaded to the data buffer register after the specified 8-bit data is
transmitted. When new transmit data is written, automatic-wait function is canceled.
When the external clock is used, data should be written to the SBIDBR before new data is shifted.
The transfer speed is determined by the maximum delay time between the time when an interrupt
request is generated and the time when data is written to the SBIDBR by the interrupt service
program.
When the transmit is started, after the SIOF goes 1" output from the SO pin holds final bit of the
last data until falling edge of the SCK.
Transmitting data is ended by clearing the SIOS to "0" by the buffer empty interrupt service program
or setting the SIOINH to “1”. When the SIOS is cleared, the transmitted mode ends when all data is
output. In order to confirm if data is surely transmitted by the program, set the SIOF (bit 3 in the
SBISR) to be sensed. The SIOF is cleared to “0” when transmitting is complete. When the SIOINH is
set, transmitting data stops. The SIOF turns “0”.
When the external clock is used, it is also necessary to clear the SI0S to “"0" before new data is
shifted; otherwise, dummy data is transmitted and operation ends.
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Clear S105

Sios

—
SIOF __|
:

N

SEF

SCK pin (output)

SO pin

INTSBlinterrupt
request

SBIDBR
P
Write transmitted data (@) Internal clock
: Clear 5108
$I0S
SIOF
SEF

SCK pin (input}

SO pin

INTSBI interrupt
request

SBIDBR
Write transmitted data (b) External clock
Figure 2-54. Transfer Mode
Example : Program to stop transmitting data (when external clock is used)
STESTL : TEST (SBISR) . SEF ; I SEF=1then loop
JRS F , STEST1
STESTZ : TEST (P3) . 6 ; SCK=0then loop

JRS T , STESTZ
LD (SBICR1) , 00000111B ; SIOS &0
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SCTK pin | |
SIOF |

SO pin bité X b7 7

tsoon = Min. 3.5/fc [s] in normal mode, idle mode)

Figure 2-55. Transmitted Data Hold Time at End of Transmit

b.8-bit Receive Mode

Set the control register to receive mode and the SIOS to 1" for switching to receive mode. Data is
received from the I pin to the shift register in synchronous with the seriai clock, starting from the least
significant bit (LSB). When the 8-bit data is received, the data is transferred from the shift register to the
SBIDBR. The INTSBI (buffer full) interrupt request is generated to request of reading the received data.
The data is then read from the SBIDBR by the interrupt service program.

When the internal clock is used, the serial clock will stop and automatic-wait function will be initiated
until the received data is read from the SBIDBR.

When the external clock is used, since shift operation is synchronized with the clock pulse provided
externally, the received data should be read from the SBIDBR before next serial clock is input. if the
received data is not read, further data to be received is canceled. The maximum transfer speed when the
external clock is used is determined by the delay time between the time when an interrupt request is
generated and the time when received data is read.

Receiving data is ended by clearing the SIOS to “0” by the buffer full interrupt service program or setting
the SIOINH to “1”. When the SIOS is cleared, received data is transferred to the SBIDBR in complete
blocks. The received mode ends when the transfer is complete. In order to confirm if data is surely
received by the program, set the SIOF (bit 3 in the SBIDBR) to be sensed. The SIOF is cleared to "0" when
receiving is complete. After confirming that receiving has ended, the last data is read. When the SIOINH
is set, receiving data stops. The SIOF turns “0” (the received data becomes invalid, therefore no need to
read it).

Note : When the transfer mode is switched, the SBIDBR contents are lost. In case that the mode needs
to be switched, receiving data is concluded by clearing the SIOS to "0, read the last data, and
then switch the mode.
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| ¢————— Clear 5105

o m
\ (

SEF

SCK pin (output)
Sipin

INTSBI interrupt
request

SBIDBR )( a X b

Read received data Read received data

Figure 2-56. Receive Mode (Example : Internal clock)

¢. 8-bit Transmit / Receive Mode

Set a control register to a transmit/ receive mode and write data to the SBIDBR. After the data is written,
set the SI0S to “1" to start transmitting / receiving. When transmitting, the data is output from the SO
pin on the leading edges in synchronous with the serial clock, starting from the least significant bit (LSB).
When receiving, the data is input to the Sl pin on the trailing edges of the serial clock. 8-bit data is
transferred from the shift register to the SBIDBR, and the INTSBI interrupt request occurs. The interrupt
service program reads the received data from the data buffer register and writes data to be transmitted.
The SBIDBR is used for both transmitting and receiving. Transmitted data should always be written after
received datais read.

When the internal clock is used, automatic-wait function is initiated until received data is read and next
data is written.

When the external clock is used, since the shift operation is synchronized with the external clock,
received data is read and transmitted data is written before new shift operation is executed. The
maximum transfer speed when the external clock is used is determined by the delay time between the
time when an interrupt request is generated and the time when received data is read and transmitted
data is written.

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

Transmitting / receiving data is ended by clearing the SIOS to “0" by the INTSBI interrupt service program
or setting the SIOINH to “1”. When the SIOS is cleared, received data is transferred to the SBIDBR in
complete blocks. The transmit/ receive mode ends when the transfer is complete. In order to confirm if
data is surely transmitted / received by the program, set the SIOF (bit3 in the SBISR) to be sensed. The
SIOF becomes “0" after transmitting / receiving is complete. When the SIOINH is set, transmitting /
receiving data stops. The SIOF turns "0".

Note : When the transfer mode is switched, the SBIDBR contents are lost. In case that the mode needs
to be switched, conclude transmitting / receiving data by clearing the SIOS to “0”, read the last
data, and then switch the transfer mode.
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|¢————— Clearsios —>1

SI0S

SIOF

SEF

SCK pin
{output)
50 pin

Sl pin

INTSBI interrupt ﬂ ﬂ
request

SBIDBR X = b Xd

4

Write transmitted Read received Write transmitted Read received
data {a) data {¢) data (b) data (d)

Figure 2-57. Transmit/Receivé Mode (Example : Internal clock)
SCK pin | I
SIOF |

SO pin bité X Bit7inlast transmitted word 74

tsopn = Min. 4/fc [s] {In normal mode, idle mode)

Figure 2-58. Transmitted Data Hold Time at End of Transmit / Receive
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2.10

Remote Control Signal Preprocessor / External Interrupt 3 Input Pin

The remote control signal waveform can be determined by inputting the remote control signal
waveform from which the carrier wave was eliminated by the receive circuit to P30 (INT3 / RXIN) pin.
When the remote control signal preprocessor / external interrupt 3 pin is also used as the P30 port, set the
P30 port output latch to “1”. When it is not used as the remote control signal preprocessor / external
interrupt 3 input pin, it can be used for noermal port.

2.10.1 Configuration

f/211 >
fe/2100—
fo/28 >—
fe/27 >
fa26 >—
fer25 Receive bi A .
22 >>:| i:::tek:lt ::) Receive bit counter value monitor (RBCTV)
L Selector
RNC
Polarity Interrupt .
INT3/RXIN Noise canceller | S ____, INT3
D_) select RNCM select Interrupt
A INT. request
EINT
Measurement
width select —| 8-bitup- Remote control receive
Selector ] counter counter register (RXCTR)
L< fe/26 R } Match detect
fc/28 Shift register
2l 3 3 — fc/210 SRM
L ¢ fg2i2 2 4 U
RPOLS RCCK  RMM RCS YCREGA )
Remote control receive
data buffer register
RXCR1 RXCR2
(RXDBR)
Remote control receive Remote control receive
control register 1 control register 2

Figure 2-59. Remote Control Signal Preprocessor

2.10.2 Remote Control Signal Preprocessor Control
When the remote control signal preprocessor is used, operating states are controlled and monitored by
the following registers. Interrupt requests also use the remote control signal preprocessor / external
interrupt 3 input pin.

® Remote control receive control register 1 (RXCR1)

® Remote control receive control register 2 (RXCR2)

® Remote control receive counter register (RXCTR)

® Remote control receive data buffer register (RXDBR)
® Remote control receive status register (RXSR)

When this pin is used for the external interrupt 3 input, set EINT in RXCR1 to other than”11".
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Remote control receive control register 1

RXCR1 v 6 5 4 3 2 1 0
(OFD0w) [ rccx  [weois|  emr | RNC 1 Gnitialvalue: 0000 0000)
00: f/26  [Hz)
. 01: fc/28
RCCK | 8-bit up-counter source clock select 10: o210
11 fe212
. . 0: Positive
RPOLS | Remote control signal polarity select 1: Negative

00: Rising edge

01: Fallingedge (when RPOLS = Q)
10: Rising/ Falling edge Read/
11: 8-bitreceive end Write

EINT | interruptsource select

000 : Noise canceler disable
001 : 2/fex7-Vfc [s]

010 :  25/fcx7-1/fc

Noise canceller noise eliminating time  [011 :  26/cx 7 - 1/fc

select 100 ;. 27/ex7 -1

101 : 28/fex7-1/fc

110 : 2VW0/fcx 7 -1/

111 2Wfex 7 -1/

RNC

Note1:  fc; High-frequency clock [Hz]
Note2: After reset, RPOLS does not change the set value in the receiving remote control signal. For setting
interrupt edge and measurement data, use EINT and RMM.

Remote control receive control register 2

RXCR2 7 6 5 4 3 2 1 0
(OFD 1) [ T creca [res | RN (Initial value: 0000 0+00)
Match detect time (Tth) = 16 x CREGA/RCCK [s]
CREGA Setting of detect time for match with CREGA=0p toFy
8-bit up-counter upper 4 bits Example : CREGA = 2, RCCK = f¢/26 [Hz}, at fc=8 MHz
Tth = 256 [ 5]
RCS 8-bit up-counter start control ? Stop and counter clear Read/
: Stert Write
00:
Measurement mode select (invalid 01:
RMM le 2-8.
when EINT = “10%) 10: Refer to table 2-8
1

Note 1:  fc; High-frequency clock [Hz], * ; don't care

Note2: When an interrupt source is set for rising / falling edge, low and high widths are forcibly measured
separately.

Note3: SetCREGA (O to Fy) before EINT sets to 8-bit receive end.

Figure 2-60. Remate Control Receive Control Register 1,2
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Remate control receive counter register
7 6 5 4 3 2 1 0
RXCTR
(OFDZH) L T T T T T T T “ Read Only
(Initial value : G000 0000)
Remote control receive data buffer register
RXDEBR 7.6|5'4|3|2.1.0
(OFD3) [ | readonly
(Initial value : 0000 0000)
Remote control receive status register
7 6 5 4 3 2 1 0 .
RXSR ! LA R OVFE | SrM | Rem (Initial value : 0000 » 000)
(0FD4,) I RBCTM | [ove | l ]
RBCTM | Receive bit counter value monitor
: N fl
OVFF | 8-bit up-counter overflow flag ? oce(:‘flﬁ:wow
: Read
: . . M tdata < when Tth = “0"
SRM | Data buffer register input monitor ? X M:::E:::Z:t d:t:»> xh:n Tth = ..?,. Only
RNCM Rem.ote control sigr?al monitor after
passing through noise canceller

Note: * don'tcare

Figure 2-61. Remote Control Receive Counter Register, Data Buffer Register, Status Register
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Table 2-8. Combination of Interrupt Source and Measurement Mode

RPOLS EINT RMM Interrupt source Measurement mode

o 1=

00 10 1 f — -] -

11 <->| I<—>|

ot o R
01 10 { } — || | —

0

I R T b o e

1 Receive end

00 10 I { { <—>| <—>I

Sl e e | L | LR

e T e

1 Receive end
10 |<-> |<->
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2.10.3 Noise Elimination Time Setting

The remote control receive circuit has a noise canceller. By setting RNC in RXCR1, input signals shorter

than the fixed time can be eliminated as noise.

Table 2-9. Noise Elimination Time Setting

RNC Minimum signal pulse width atfc=8MHz Maximum.no'ise width to be atfc=8 MHz
eliminated

000 —_— —_

001 (25 +5)/fc [s] 463  [ws] (22x7-1)/f¢ [s] 3.38  [us]

010 (28 +5)/fc 32.63 (25x7-1)/fc 27.88

on (29 +5)/fc 64.63 (26 x7-1)/f¢ 55.88

100 {210+ 5)/ fc 128.63 (27x7-1)/1c 111.88

101 (211 +5)/ fc 256.63 (28x7-1)/fc 223.88

110 (2134+5)/%¢c 1.025 [ms) (210%7-1)/f¢ 895.88

111 (214 4+ 5)/ f¢ 2.049 (211 %7 -1)/fc 1.792 [m.g]_

2.10.4 Operation

(1) interrupts at rising, falling, or rising / falling edge, and measurement modes

First set EINT and RMM. Next, set RCS to “1” in RCS; the 8-bit up-counter is counted up by the
internal clock. After measurement, the 8-bit up-counter value is saved in RXCTR. Then, the 8-bit
up-counter is cleared, an INT3 request is generated, and the 8-bit up-counter resumes counting.

If the 8-bit up-counter overflows (FFy) before measurement is completed, an INT3 request is
generated and the overflow flag (OVFF) is set to "1”. Then, the 8-bit up-counter is cleared. An
overflow can be detected by reading OVFF by the interrupt processing. To restart the 8-bit up-

counter, set RCSto "1”.
Setting RCS to “1" zero-clears OVFF.
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(2) 8-bit receive end interrupts and measurement modes
By determining one-cycle remote control signal or one-pulse width as one-bit data “0” or “1”, an
INT3 request is generated after 8-bit data is received. When "0” is determined, this means the
upper four bits in the 8-bit up-counter have not reached the CREGA value. When "1" is
determined, this means the upper four bits in the 8-bit up-counter have reached or exceeded the
CREGA value. The 8-bit up-counter value is saved in RXCTR after one bit is determined. The
determined data is saved, bit by bit, in RXDBR at the rising edge of the remote control signal
(when RPOLS = 1, falling edge). The number of bits saved in RXDBR is counted by the receive bit
counter and saved in RBCTM. RBCTM is set to "0001B” at the rising edge of the input (when RPOLS
= 1, falling edge) after the INT3 request is generated.

h\!

RneM | (\(\ ((

RCCK ———]_88—'__]_| |(\(\ l I L
By N G XE\) 0 o

3, Setto "1" by command.

RCS ¢
OVFF )2

. . N /
counee X m

RBCTM  n-1 Xn /\/\ / (\(\

o ) )

Note : »; Valid only when 8 bits are received.

Figure2-65. Overflow Interrupt Timing Chart
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2.11 8-bit A/D Converter (ADC)
The 87CM39/P39/539 each have an 8-channel multiplexed-input 8-bit successive approximate type A/D
converter with sample and hold.

2.11.1 Configuration

Ladder resistors

_____ ettt sl S
P | 2 R R R2

VDD D—f(_o. Wy T Bt T U —— —AW— A — O vss
LEN G g
N, :

Tap Decoder

Analog input Sample & Hold
Multiplexer r Reference
Voltage
AINO ————A
ANt O———s 8
AIN2 O———c¢ 7
AN ——p ‘Analog
Comparator
AIN4 [——E
AINS [F——F
aiNe O——¢6 Successive Approximate Circuit
AN? O———H
Shift clock
S
AINDS I Control Circuit | 8
SAIN aps } ACK EOCF
4
I ADCCR l I ADCDR
A/D Converter control register AJ/D Conversion result register

Figure 2-67. A/D Converter

2.11.2 Control
The A/D converter is controlled by an A/D converter control register (ADCCR) and a port P5/P6
input/output control register (P5CR/P6CR).

A/D Conversion Result Register

7 [ 5 4 3 2 1 0
ADCDR , . 4 H H T H H I
(OOOFH) N : H B N . N

Read only

Figure 2-68. A/D Canversion Result Register
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A/D Converter Control Register

7 6 4 3 2 1 0
ADCCR EOCF | ADS AINDS SAIN {Initial value :  00*0 0000)
apcer  [Eocr [ A0S | o [AWSS] AN ]
0000 : AINO
0001 : AINi
0010 : AIN2
0011 : AIN3
SAIN  |Analog input selection 0100 : AIN4
G101 : AINS
0110 : AING
0111 @ AIN7 RAW

011> : reserved
1xxx : reserved

. 0 : Enable
AIND Anal
S nalog input control 1 - Disable
\ 0: -
[
ADS A/D conversion start 1 : A/D conversion start

: Under conversion or Before conversion

EOCF | End of A/D conversion flag : End of conversion

- o

Note1: *,don'tcare

Note2: Selectanalog input when A/D converter stops.

Note3: The ADS is automatically cleared to “0” after starting conversion.
Noted: The EOCFiscleared to "0” when reading the ADCDR.

Note5: The EOCF is read-only.

Figure 2-69. A/D Converter Control Register
2.11.3 Operation

(1) Start of A/D conversion
First, set the corressponding P5CR / P6CR bit to “0” for analog input. Clear the AINDS (bit 4 in
ADCCR) to “0” and select one of eight analog inputs AIN7-AINO with the SAIN (bit 3 to 0 in ADCCR).

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

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

Conversion is accomplished in 46 machine cycles (184/fc {s] ).

The EOCF (bit 7 in ADCCR) is set to “1” at end of conversion.

When setting the ADS to “1" under A/D conversion, the A/D converter circuit is initialized and the
A/D conversion try again from start.

The sampling of the analog input voltage is excuted at 4 machine cycies after setting the ADS to

nqn

Note : The circuit of sample and hold is included in a condenser (12 pF (typ.)) through a register (5
ka (typ.)).
Therefore, until 4 machine cycles is over, this condenser must be charged.

(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.

3-39-110
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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 (EQCF = 1), the ADCDR contents

are held.
a3 [ [L_J1
ADCDR X invalid X result  Xinvalid X invalid X result
Lconversion time-» “econversion time -
184/fc [s] H i : 184/fc [s}
Eoct il [ [
—O—C OO0
Ad L) 4
r s T s s
e t e t t
a a a a a
d r d r r
t t t
Figure 2-70. 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?
RS T, SLOOP
; RESULT DATA READ
LD (9ER), (ADCDR)
FFu+ -
FEq T —
Conversion Fou T -
result 1
A i
03y 1 e
o2y + —
oy T ==
= . } } 4 } t } t Voo~V
0 1 2 3 253 254 255 256 X —”—256
Analog input voltage

Figure2-71. Analoginput Voltage vs A/D Conversion Result (typ.)
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2.12  Pulse Width Modulation Circuit Qutput
87CM39/P39/539 has a 14-bit resolution pulse width modulation (PWM) channel and 9 7-bit resolution
PWM channels. D/A converter output can easily be obtained by connecting an external low-pass filter.
PWM outputs are multiplexed with general purpose 1/O ports as; P40 (PWNMO) to P47 (PWM7), P50
(PWM8), P51 (PWM9Y). When these ports are used as PWM outputs,the corresponding bits of P4, P5
output latches should be set to " 1”.

2.12.1 Configuration

PWMO

10

PWMI

PWM1

Q

s
R

Q
x9

S
R

]

pulse generate
circuit
T T
T ]
Data Itrar\sfler buffer

L

J Match signal
T
T

ALL "0”
ALL 0"

Match signal clock

7[6|5|4]3|2‘1lﬂ°—°"—m
AN
Additional

T
T

J
l rr
oo,

1]
PWMO Data latch

Compare circuit
T
I T
Data transfler buffer

[u

f
T

PWIV}DBR
PWM Data Buffer Register

T
T
1
T
1

|

T
T
L
T
Il

Binary counter

0
r..f
-
[
r’:

Figure 2-72. Pulse Width Modulation Circuit

z 1_ _IT
o ES =
- =3
| ] o L 4
L4 o B
5
=1 x 5
L S 2 -
o~ c
o
- L S | x|
) 2 g
- 2 2
| L 2] s .
< - 3
h F
=
a

T
1

Compare circuit
f}r
PWM1 to PWIIVIS D?ta latch
PWMEOT ]
T T
1 1
PWM Control Register
/PWIV Status Register
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2.12.2 PWM Output Wave Form
(1) PWMO 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 Ts (Ts = T/64), which is the sub-period of the PWMO. 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 2-11.

Table 2-11. 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.
(Number i of Tg ;) is listed)

Bit5 1, 3,5 7,9 11,13, 15, 17,-+, 59, 61, 63

Note: When the corresponding bitis “1”, it is output.

(2) PWM1 to PWM9 outputs
These are 7-bit resolution PWM outputs and one period is Ty = 28/fc [s]. When the 7-bit data are
decimal k (0= k= 127), the pulse width becomes k x tg. The wave form is illustrated in Figure 2-73.

Th= 64T

Ts o Ts(n Ts(63)

BT — i<

PWMO
l—v l—

Pulsewidth=nx1g Pulse width= (n+ 1)1y

- Ty —>|

PWM1 [ [ V [
to
PWNI9 ,
)
| putse width=kx 1o

Note1:  Itisshown to the additional pulse Ts 1) and Ts (3) of the PWMO.
Note2: Ts=29/fc(64 s, fc =8 MHz), Ty =28/fc (32 us, fc =8 MHz)

Figure 2-73. PWM Output Wave Form
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2.12.3 Control
PWM output is controlled by PWM Control Register (PWMCR) and PWM Data Buffer Register (PWMDBR).
The status of transfer PWM data from PWMDBR to PWM data latch is read by PWMEOT of PWM status
register (PWMSRY).

PWM Control Register
3 2 1 0
, PWMDLS | (Initial value  ***= 0000)

PWMCR
(0025H)

0000 : Lower 6-bit of PWMO
0001 : 8 High-order bits of PWMO

0010 : PWMI1

0011 : PWM2

0100 : PWM3
PWMDLS Selection of PWM data latch gl% :xm: wrilte
and request of data Transfer 0111 : PWMS6 only

1000 : PWM7

1001 : PWMS

1010 : PWM9

1011 : reserved
1100 : PWM Data Transfer Request
1101 : reserved
111* . reserved

Note: *, don'tcare

PWM Status Register
7 6 5 4 3 2 1 0

PWMSR )
ozt [neer]

PWMEOT [End of PWM data transfer flag

0 : End of Transfer read
1 : Under Transfer only

PWM Data Buffer Register

7 6 5 4 3 2 1 0
PWMDBR : : : i ! H H write only
{0026H) [ : - : : : : |

Figure 2-74. PWM Control Register / PWM Status Register / PWM Data Buffer Register
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(1) Programing of PWM Data
PWM output is controlled by writing the output data to data latches.
The sequence of writing the output data to data latch is shown as follows;

1. Write the channel number of PWM data latch to the PWMDLS.

2. Write PWM output data to the PWMDBR.

3. Write “0CH" to the PWMCR.
When transferring of the output data is completed, the PWMEOT becomes “0", indicating that
the next data can be written. Do not write PWM data when the PWMEOT is “1* because write
errors can occur in this case.

Note : When writing the output data to PWMO data latch, write “0Cy” to the PWMCR after
writing of the 14-bit 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 “0CH” is written to the data latch until PWM
output is switched is 215/fc [s] (4.096 ms, at fc = 8§ MHz) for PWMO output and 29/fc [s] (64 us, atfc=8
MHz) for PWM1 to PWMS output.

Example : PWMO pin outputs a PWM wave form with a low-level of 32 us width and no additional
pulse.
PWMT pin outputs a PWM wave form with a low-level of 16 s width.
PWMZ pin outputs a PWM wave form with a low-level of 8 s width.

[Note ratfc=8 MHz

LD (PWMCR), OOH i Selectlower 6-bit of PWMO

LD (PWMDBR), 00H i No additional pulse

LD (PWMCR), O1H i Select 8 high-order bits of PWMOQ

LD (PWMDBR), 80H ; 324s+2/fc=80y

LD (PWMCR), OCH i Request PWM Data Transfer
WAITO : TEST (PWMSR). 7 i PWMEOT=0?

JRS F, WAITO

LD (PWMCR), 02H i Select PWMN

LD (PWMDBR), 40H ; 16us=2/fc=40Q

LD (PWMCR), 0OCH 3 Request PWM Data Transfer
WAIT1 : TEST (PWMSR). 7 ; PWMEOT =0?

JRS F, WAIT1

LD (PWMCR), 03H i Select PWM2

LD (PWMDBR), 20H ; 8us+2/fc=20y

LD (PWMCR), OCH i Request PWM Data Transfer
WAIT2 : TEST (PWMSR). 7 ; PWMEOT =07

JRS F, WAIT2
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2.13 Test Video Signal Qutput for Adjusting TV Screen

TMP87CM39/P39/539 have a built-in test video signal output circuit to output necessary signal for TV
screen adjustment.

Mode : NTSC (atfc=8.056 MHz)

PAL (atfc=8.000 MHz)
Picture pattern : Total eight types, Monochromatic inversion possible
Output format : Three states (H, L, Hi-Z) output

Comp.Syncduration time L output
Black level / Pedestal duration time Hi-Z output
White level duration time H output

2.13.1 Configuration

Horizontal pattern
generation circuit

Pattern mixed circuit ——D P62 (CSOUT)

Vertical pattern *
generation circuit

Display pattern
generation circuit

3

SGIV | SG2to0

SGVBLK
SGPAL TVSCR

fI

Figure 2-75. Test Video Signal Output Circuit
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2.13.2 Control
The test video signal output circuit can be controlled with the signal control register.

TVSCR 7 6 5 4 3 2 1 0
(OF80) | scen [sGvBLk [ SGPAL | sGv_| sachs | SGPAT | (nitial value 0000 0000)
SGEN function selection 0 : disable
1: enable

SGVBLK | Picturesignal for VBLK duration | 0: Qutput

time 1: Nooutput
SGPAL PAL/NTSC selection Q: NTSC
1:PAL
SGIV Pattern monochromaticinversion | 0: Noinversion
11 Inversion
SGCHS 0sD synchronous signal selection |0 : Port Write

1: Pseudo signal circuit only

SGPAT Display pattern 000: Black on the whole screen

001: White on the whole screen

010: Cross hatch

011: Crossdot pattern

100: Cross bar

101: White on the upper side / Black on the lower
side

110: Hsignal pattern

111: Hresolution pattern

Figure 2-76. Signal Control Register
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2.13.3 Functions
Test video signal output is to generate monochromatic picture signal output to take easily the necessary

tests such as TV screen white adjustment and screen distortion amplitude adjustment implemented on the
final manufacturing process of a TV receiver set.

Display pattern (SG) TV screen

000
(Black on the whole surface)

001
(White on the whole surface)

010
{Cross hatch)

011
(Cross dot)

100Qonoot
pim{ain]siuinjul¢
1000000
igaoooont
uinjululainin]|
tlalsimininix]a]]
1000000t
elelalalatele]

10000000¢|
1onooooot
i{o[=lalufalsln]|

iGooGoagi

100
{Cross bar)

101
(White on the upper side/
Black on the lower side)

110
(H signal pattern)

11
(H resolution pattern)

Figure 2-77. Display Pattern and TV Screen
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There are three states of the output to generate picture signal with the external circuit of the resistance
divided voltage.

TMP87CM39
/P39/539

%————JW\, to video input.

YVyY

GND

P62 (CSOUT) D MWy @
5

Three state of Picture signal output
the output

Figure 2-78. Example of Picture Output Generation
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2.14  On-Screen Display (OSD) Circuit
The TMP87CM39/P39/539 features a built-in on-screen display circuit used to display characters and
symbols on the TV screen. 288 characters in any of 256 character fonts can be displayed in 24 characters x
12 rows.

0SD circuit functions are as follows:

® Number of character fonts 256 (including blank character)

@ Number of display characters 288 (24 characters x 12 rows)

@ Composition of a character 14 x 18 dots

@ Charactersizes 3 (selectable line by line)

® Display colors Charactercolors : 8 (selectable character by character)
Fringe color . 8 (selectable page by page)
Background color : 8 (selectable page by page)

® Fringing function {for large, middle, and small characters)

@ Smoothing function (for large and middie characters)

® Display position horizontal : 128steps; vertical : 256steps

@ Full-raster blanking function

@ Blinking function

@ Reverse function

@ Reverse Blinking function

@ Window function -

2.14.1 Configuration

:NTOSD

0sc1 o i nterrupt
]

D_> Oscillation ) 0SD control [ request

circuit
05C2 [~ S L

fc
Horizontal position o ]
counter B
_ Display memory o
P70 (AD) [] 24% 12 % 14 bits o[BS
Horizontal position Character ° (8 a _)D PE7(Y/BL)
decoder code ford DL B ﬂ P66 (B)
[\ e] 3
Character ROM s oo _)D P65 (G)
- — - C
VOPOL Vertical position 256 14 % 18 bits weBafnl
counter Character|-- o v c _,D P64 (R)
data oy o0
a v

S
Y
ot
decoder

Figure 2-79. OSD Circuit

3-39-120
B 9097249 003k944 071 HN



TOSHIBA TMP87CM39/P39/539

2.14.2 Character ROM and Display Memory
(1) Character ROM

The character ROM contains 256 character fonts. The user can set fonts as desired. The character
ROM consists of 256 characters in 14 x 18 dots (character codes 00y to FFy). Each dot corresponds to
one bitin the character ROM. When a bit in the character ROM is setto ” 17, the corresponding dot s
displayed; if set to “0”, the dot is not displayed. The start address in the character ROM
corresponding to a character code is determined by the following expression:

Start address in character ROM = CRA x40y + 4000y
Since character code 00y is used as blank character, the character font for this character code cannot
be changed. Write “0” in the data of character code 00y.
Set all unused bits (bit 7 with Oy to 84 in the lower 4-bit of an address) to “1” and write the data
“FFy" to all unused address (the lower 4-bit of an address are 9y to Fy) in character ROM.
Figure 2-80. (a) shows an example of the character font configuration for the character code 00y and
01y, together with the ROM addresses and data.
Figure 2-80. (b) shows the character ROM dump list for these 2 character fonts .
Note 1 : CRA ; Character code (004 to FFy)

Note 2 : Adata can not be read from the character ROM by software.
Note 3 : When ordering a mask, load the data to character ROM at addresses 4000y to 7FFFy.

{Address | Data Bit Bit Adress  |Data Address | Data Bit Address |Data
(Hex) |(Hex) |6543210[6543210 | (Hew) |(Hex) {Hex) }(Hex) |65 4 3 2106543210 | (Hex) [(Hew
4000 80 4020 80 4040 80 IEREEEEE] 4060 80
4001 80 4021 80 4041 80 I 11 1Tt 4061 80
4002 80 4022 80 4042 83 || | 11| a062 E0
4003 80 4023 80 4043 sC |3 1] | a063 F8
4004 80 4024 80 4044 90 [] 4064 FC
4005 80 4025 80 4045 Al 4065 BE
4006 80 4026 80 4046 Al 4066 BE
4007 80 4027 80 4047 <] 4067 FF
80 4028 BQ [¢1]
4010 80 4030 80 4050 [ 4070 FF
4011 80 4031 80 4051 cC 4071 E7
4012 80 4032 80 4052 AC 2072 E6
4013 80 4033 80 4053 AQ 4073 FE
4014 80 4034 80 4054 90 | [ 113078 FC
4015 80 4035 80 4055 8C |4 4075 F8
4016 80 4036 80 4056 83 ] 4076 £0
4017 80 4037 80 4057 80 T 1 4077 80
4018 80 _4033__Lm]__ 4058 80 IRERNARER 4078
(Character code 00y) {Character code 01,)

{a) Character font configuration

4000/ 80 80 80 80 80 80 80 80 80 FF FF FF FF FF FF FF
4010/ 80 80 80 80 80 80 80 80 80 FF FF FF FF FF FF FF
4020/ 80 80 80 80 80 80 80 80 80 FF FF FF FF FF FF FF
4030/ 80 8O 80 80 80 80 80 80 80 FF FF FF FF FF FF FF
4040/ 80 80 83 8C 90 A1l Al CO CO FF FF FF FF FF FF FF
4050/ CO CC AC AD 90 8C 83 80 80 FF FF FF FF FF FF FF
4060/ 80 80 EO F8 FC BE BE FF FF FF FF FF FF FF FF FF
4070/ FF E7 E6 FE FC F8 EO 80 80 FF FF FF FF FF FF FF

{b) ROM dump list

2

Figure 2-80. Character Font Configuration and ROM Dump List

Dispiay memory

Each character out of the 288 characters displayed in 24 characters x 12 rows consists of 14 bits in the
display memory. Five data items are written to the display memory: character code, color data,
blinking specification, reverse specification, and reverse blinking specification. The display memory
contents become unstable after the reset operation is released.

There are two modes for writing display data to the display memory. One mode is for writing all
display data (character code, color data, blinking specification, reverse specification, and reverse
blinking specification) simultaneously. The other mode is for changing either character code or
character ornamentation data (color data, blinking specification, reverse specification, and reverse
blinking specification). How the display data is written to the display memory is described in section
2.14.3(19).
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Display memory configuration
¢ Character code specification register (8 bits) -~ CRA7TO0

® Color data specification register (3 bits) -+ RDT/GDT/BDT
® Blinking specification register (1 bit) -+ BLF
® Reverse specification register (1 bit) -+ RVF

® Reverse blinking specification register (1 bit) -~ RBF

[ rer | rve | Bir | ROt | cot | 807 | cra7 | cras | cras | craa | cras | craz | crai [ crao |
Y 7N 7

Color data Character code specification register
specification register

Blinking specification register

Reverse specification register

Reverse blinking specification register

Figure 2-81. Display Memory Bit Configuration

haracter]
cow t]2|3|als|e|7|8]|91of1mj12[13|14|15|16]|17]|18[19|20]|21]22]23]|24
1 [ooa[oo1 002|003 004|005 |006 | 007 [008 [009}00A [00B |00C|00D|00E |00F (010 [011]012({013[014[015(016 017
2 |020]021]|022]023]024 {025 |026 (027 028|029 {02A]028 |02C [02D[02E [02F|030031]032(033 |034| 035|036 | 037
3 oaofoa1 ] 057
4 [osof061 P 077
5 |oso|os1 097
6 [oAo[oar 087
7 |ocoloc 0D7
g8  |OEQ}OEt OF7
9 [100]101 17
10 |120[121 ~ 137
1 140|141 M~ 157
12 |1e0f181 1 176|177
Note: Numerals in the table indicate (hexadecimal) addresses in the display memory.

Figure 2-82. Display Memory Address Configuration

2.14.3 0OSD circuit control

The OSD circuit is controled by using the OSD control registers assigned to addresses 0F80y to OF9By in
the data buffer register (DBR). For write to or read from the OSD control registers, see section 2.14.3 (20).
The OSD control registers are used to set display start position, display character ornamentations (that is,
fringing, smoothing, color data, character size, and etc.), display memory addresses, character codes, and
etc.

After all settings are complete, setting the display on-off control bit, EDISP (bit 0 in ORDON) to 1 enables
display (starts display). Setting EDISP to 0 disables display (halts display).

Note : The contents of OSD control registers are not initialized in STOP mode.

(1) Display position
The horizontal display start position can be setin 128 steps. The vertical display start positions can be
specified for each line using 256 steps. The horizontal display start position is set with OSD control
registers H516 to HS10 (bit 6 to 0 in ORHS1). The vertical display start position of the line 1 is set with
VS17 to VS10 (in ORVS1). The vertical display start position of the line 2 to 12 are determined by
setting V527 to VS20 ... VS127 to V5120 (ORVS2 to ORVS12) in the same way.
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Horizontal display start position
Specification unit: Display page
Specification steps : 128
Specification horizontal display start position: Line 1to 12 : H516 to HS10

When FORS is “0” (Normal mode)
HS1=(HS16 to H$10) 4 x 2Tosc + 10Tosc (Line1 to 12)

When FORS is “1" (Double frequency mode)
HS1=(HS16 to HS10) 4 x 2Tgsc + 6Tosc (Linet to 12)

LNote :Tosc, One cycle of OSC oscillation

Vertical display start position
Specification unit: Line
Specification steps : 256

Specification vertical display start position :  Line1 ¢ VS17to VS10
' Line2 o VS27to VS20
Linet2 : VS$S127toVS120
HD

VS1 V52 |vs3  |vs4  |vsT  |vs12

ilill||l|I|||l|Hl|l|l||| line
|

NRRNENINRINRINNINAEREED line2

VD Line 3
Line4
t
Line7
Line 12
\J _J
' (Settings)
Lines 1,2,7,and 12 :  Display on, small character
Line3 :  Display on, middie character
Line 4 :  Display on, large character
Lines5,6,8,9,10and 11 : Display off

Figure 2-83. TV Screen image
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When VDSMD is “0" (Normal mode)
Line n:VSn=(VSn7 to VSn0) yx2THp (n; 1t0 12)

When VDSMD is " 1” (Double scan mode)
Linen :VSn=(VSn7to VSn0) yx4Tup (n; 110 12)

Notel : Typ,; One cycle of HD signal
Note2 : If display lines are overlapped each other, previous display line is enabled and next line is
disabled. Set the vertical display start position not to overlap display lines.

VS5 (display on, small character) ———

vsztgoyanced, — NN\ ;
V53 (display on, smalit character) ——-——> __________________________ | |

Occasion of overlapping

Note3: The line which is displayed off is managed as a small size character line. It is
recommendable that its vertical display start position should be set out of TV screen.

Noted : Transfer the contents of vertical display start position registers into OSD circuit before the
position of the scanning line coincides with their own vertical display start position

(2) Double scan mode
The double scan mode is used to handle non-interlaced scanning TV. When double scan mode is
enabled, the vertical display counter increases every 4 scan lines and a vertical dot size is double. This
function is enabled by setting VDSMD (bit 3 in ORETC) in the OSD control register to "1”.

Scan mode select register (1 bit) -~ VDSMD (bit 3 in ORETC)
”0" --- Normal mode
" Double scan mode

(3) Double‘frequency mode
The Double frequency mode is used to display OSD by the OSC frequency doubled. When this
function is enabied, the clock which is doubled by a clock doubleris inputted into an OSD circuit.

A 0sD
osc clock B circuit

doubler S

it JuUutL

This function is ebabled by setting FORS (bit 4 in ORDON) in the OSD control register to “1".

FORS

0SC frequency select register (1 bit) -+ FORS (bit 4 in ORDON}
“Q” .- Normal mode
1" Double frequency mode
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(4) HDADsignal polarity control function
This function is used to select the polarity of input signal via FDA/D pin,

HD signal polarity select register (1 bit) - HDPOL (bit 0 in ORPOL)
“0“ -+ Non-invertinput signal via HD pin.
“1" - Invertinputsignal via HD pin.

VD signal polarity select register (1bit) --- VDPOL (bit 1 in ORPOL)
"0” -+ Non-invertinput signal via VD pin.
“1” - Invertinputsignal via VD pin.

(5) Charactersizes and display on / off
Character size can be selected line by line from 3 sizes. And display on / off also can be set line by
line. Small, middle and large character size and display on / off can be set with OSD control registers
C€$11,CS$10...CS121, €5120 (ORCS4, ORCS8, and ORCS12) in the OSD control registers.

Charactersizes : 3sizes (Small, middle and large)
Character size and display on / off specification unit : Line
Character size select/display on / off register (2 bits x 12)
Line1: CS11and CS10
Line2: C€S21and CS20

Line 12: €S$121and €$120

Table 2-12. Character Size and Display On / Off Specifications (n; 110 12)

CSni csn0 Character size Display on/off
1 1 Small On
1 0 Middle On
0 1 Large On
0 0 - Off

Note: The line which is displayed off is managed as a small character size line by the overlap of vertical
display start position, the display line counter function, and etc.
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Table 2-13. Dot and Character Sizes
vDSMD =0 VDSMD =1
{Normal mode) (Double scan mode)
Dotsize Character size Dotsize Character size
Small 1Tosc x 1Tup 14 Tosc % 18 Tup 1 Tosc ¥ 2Thp 14 Tose X 36 Thp
FORS = 0
iddl 2 T, T 4T T, 72T

{normal mode) Middle Tosc X 2 Tup 28 Tose x 36 Tup 2Tosc % HO 28Tosc x HD
Large 4Tgsc X 4Thp 56 Tosc X 72 Thp 4Tosc X 8 Thp 56 Tosc X 144 Tup

FORS = 1 Smail 0.5Tosc X 1 Thp 7 Tosc x 18Tho 0.5Tosc X 2 Tup 7 Tosc x 36 Typ
{double frequency Middle 1Tose X 2Thp 14 Tosc x 36 Typ 1Tose X 4 Tup 14Tosc X 72 Tup
mode) Large 2Tosc X 8Tup | 28Tosc X 72Tup | 2Tosc X BTup | 28Tosc x 144 Thp

Note: Tgsc, One cycle of OSCoscillation Tup: One cycle of HD signal

(6) Smoathing function
The smoothing function is used to make characters look smooth. Enabling smoothing displays 1/4
dot between two dots connecting corner to corner within a character. Small size character can not
be enabled smoothing. Smoothing is enabled by setting ESMZ (bit 4 in ORETC) in the OSD control
registerto "1”.

Smoothing specification unit: Display page
Smoothing specification register (1 bit)

“Q" .- Disable smoothing

1" Enable smoothing

ESMZ (bit 4 in ORETC)

{7) Fringing function
The fringing function is used to display a character with a fringe width is 1/2 dot in a different color
from that of the character. For small characters, fringe width is 1 dot. When a character is displayed
with the maximum of 14 vertical dots and 18 horizontal dots, the fringe exceeds right and left, top,
and bottom of the character display area. The exceeded fringe can be displayed; however, display
characters have higher priority to fringe horizontally.
Fringing is enabled for each line by setting EFR1 to EFR12 (OREFR and bit 3 to 0 in ORP6DS) in the
0OsD control registerta “1”.
A color for fringe is specified common to all lines using OSD control registers, RFDT, GFDT, and BFDT,
(bit 2 to 0 in ORBK).

Fringing specification unit: Line

Fringing enable register (1 bit x 12)
“0" -+ Disable fringing
"1" -« Enable fringing

EFRn (n: 1to 12) (OREFR and bit 3 to 0 in ORP6DS)

Fringe color specification unit:
Fringe color register (3 bits)

Display page
RFDT, GFDT, BFDT (bit 2 to 0 in ORBK)

Note : When a display line is enabled fringing function, its vertical size is increased by one dot
(by two dots when its character size is small) independent of its character font.
Therefore, when a vertical display start position is specified to no space between the
lines, the display line which is overlapped with increasing dot (s) is canceled.
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T TI I T I
17 1T 1T r—1 11
] and ESRf e
I 1 4 A ] -] .
1 1
Il 1 [= -}
— Cl 1
- - . :l F | W
e = o
1] 11 1.1
11 11 I
(a) Smoothing (b) Fringing (c) Priority of Smoothing and Fringing

Figure 2-84. Smoothing/Fringing / Priotity of Smoothing and Fringing

(8) Background color function
Background color function is used to color the entire background for the character area (14x 18
dots). Exceptthe character area whose character code is 00y.
This function is specified for each display page by setting EBKGD (bit 7 in ORBK) in the OSD control
registerto “1”. :
A background color is specified for each display page by setting RBDT, GBDT and BBDT (bit 5 to 3 in
ORBK) in the OSD control registers. A color specification is same as them for full-raster blanking.

Background specification unit: Display page

Background enable register (1 bit) - EBKGD (bit 7 in ORBK)
"0” - Disable background
“1“ - Enable background

Background color specification unit: Display page
Background color specification registers (3 bits) -~ RBDT, GBDT, BBDT (bit 5 to 3 in ORBK)

Note: When the background color function is used, the blank character (Code 004) can not be used as
the first character on the fringing line.

(9) Full-raster blanking function
Full-raster blanking function is used to color the entire background for the display area (TV screen).
When using the full-raster blanking function, set YBLCS (bit7 in ORETC) to “1”, output BL signal from
Y/BL pin, because Y signal cannot delete whole display page from video signal.
This function is specified for each display page by setting EXBL (bit 6 in ORBK) in the OSD register to
“1”. Color specification is same as them for background color.

Full-raster blanking specification unit: Display page
Fuli-raster blanking enable register (1 bit) - EXBL (bit 6 in ORBK)

“0" -- Disable full-raster blanking
“1" - Enable full-raster blanking
Full-raster blanking color specification registers (3 bits) - RBDT, GBDT, BBDT (bit 5 to 3 in ORBK)
3-39-127
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(10) Reverse function
This function is used to reverse the background and character colors. However, when fringing is
specified, the fringe color does not change. |f background function is not used, background color is
black.
Reverse function is enabled by setting RVF (bit 4 in ORDSN) in the OSD control register to “17.

Reverse specification: Character :
Reverse enable register (1bit) -~ RVF(bit4in ORDSN)

“g” - Disable reverse
" Enable reverse

(11) Reverse blinking function
Reverse biinking function is used to reverse the background and character colors.
When RBMF is “1”, characters specified for blinking by RBF are reversed the background and
character colors. However, when fringing is specified, the fringe color does not change. |If
background function is not used, background color is black.

Reverse blinking specification unit: Character
Reverse blinking specification register (1 bit) - RBF (bit 5in ORDSN)

"0" - No reverse blinking
”1" .. Reverse blinking
Reverse blinking master specification register (1bit) -~ RBMF (bit5in ORETC)
"0" - Disable reverse blinking
“1" - Enable reverse blinking
(Characters whose RBF is set to "1" are reversed the background and character
colors.)

Table 2-14. Display Mode

RBF RVF RBMF Display
0 0 * Normal
0 1 * Reverse
0 Normal
1 Q  [rrtTtoTtmegpToTTToT T
1 Reverse -
1 1 * reserved

*; don'tcare

(12) Blinking function
Blinking function is used to blink display characters.
When BKMF is “1”, characters specified for blinking by BLF are not displayed. (If the background
color function is used, the background color is not disappeared.)

Blinking specification unit: Character
Blinking specification register (1bit) -+ BLF(bit3in ORDSN}

"0" -~ No blinking
“1" - Blinking
Blinking master specification register (1bit) -~ BKMF (bit 6 in ORETC)
“0” - Disable blinking
“1" .. Enable blinking (Characters whose BLF are set to “1” are not displayed.)
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(13) Character
Characters: 256 (including blank character)

Character specification register (8 bits) =+ CRA7 to CRAD (bit 7 to 0 in ORCRA)
Character code “004" -+ Blank character
Character code “014" to “"FFy"” -+ User programmable by character ROM

(14) Character color
Character colors: 8
Character color specification unit: Character
Character color specification register (3 bits) - RDT/GDT/BDT (bit2to0 Qin ORDSN)

Table 2-15. Character Color

RDT GDT BDT Character Color
0 0 0 Black
0 0 1 Blue
0 1 ] Green
[¢] 1 1 Cyan
1 0 0 Red
1 0 1 Magenta
1 1 0 Yellow
1 1 1 White

(15) OSD interrupt
1) Display line counter
The display line counter indicates number of display line(s) by OSD circuit on the TV screen. The
display line counter is a 4-bit counter which is initialized to "0 by the falling edge of the VD signal and
which increments when last scanning of each display line is completed (falling edge of the HD signal).
It is necessary to be read out display line counter several times, because it does not synchronize CPU
clock.

Display line counter register (4 bits) -** DCTR (bit 3 to 0 in ORIRC)
“0000" - No display line is completed.
"0001" - 1'stdisplayline is completed.
"0010" -+ 2'nd display line is completed.
to
“1111” === 15'th display line is completed.
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Display line
VDsignal  counter

5 :
° [1'st Display Line J Display on

! Display off

- '2 nd Display Line

€— b e —m -

[3'rd Display Line J Display on
-—

a |4'th Display Line with all blank characters I Display on
-—

0 X9 (4

10’th Display Line Display on
- play | Display

|11'th Display Line l Display on
-

11

Display on

| 12'th Display Line
.—

12

Note : The display line counter also increments when a line with all blank characters or a line with
display off is specified.

Figure 2-85. Display Line Counter

2) Interrupt generator circuit
An interrupt request is generated when a falling edge of VD signal or when line counter (DCTR) is

counted to the certain value specified by ISDC.

interrupt souce select register (1 bit) -+ SVD (bit4 in ORIRC)
“g" - Interrupt request generated when the display line counter (DCTR) is counted to the
certain value which is specified by ISDC.
“1" .- Interruptrequest is generated when a falling edge of VD signal.
Interrupt generation line specification register (4 bits) -+ I1SDC (bit 3 to 0in ORIRC)
“0000" -+ Interruptrequest generated when the d|splay line counter is cleared.
“0001" - Interrupt request generated at end points of the last scanning line of the first
displey line
“0010” -+ Interrupt request generated at end points of the last scanning line of the 2'nd
display line
to
“1911" - Interrupt request generated at end points of the last scanning line of the 15'th
display line
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(16) P6 port output select function

This function is used to select whether the contents of port P67 to P64 will be output or R, G, B, Y/BL
signals of the OSD circuit will be output on pins P67 to P64,

P6 port outputselect registers (4 bits) - P67DS to P64DS (bit7to 4 in ORP6DS)
"1 - R,G,B, Y/BLsignal output
"0” - Portcontents output

(17) OSD pin output polarity control function
This function is used to select the polarity of the OSD outputs for RGB and Y/BL.

Output polarity control register (3 bits) - BLIV, YIV, RGBIV (bit 7 to 5 in ORIRC)

Table 2-16. Control of OSD Output Polarity

Symbol Output port Data “0” Data "1"
BLIV BL Active High Active Low
YV Y Active High Active Low

RGBIV RGB Active High Active Low

(18) Y/BL signal select function
This function is used to select either Y or BL signal output from the Y/BL pin.

Y/BLsignal select register (1 bit) -+ YBLCS (bit 7 in ORETC)
"0” - Ysignal output
"1 BL signal output

Ysignal - Logical OR forR, G, B Character data, and Fringing data.
BLsignal -~ When EXBLis "0”:
Outputin all display character areas

(except for character code-00y: blank character)
When EXBLis “1”:
Output in the whole page

{19) Writing display data to the display memory

Data are written to the display memory using DMAS to DMAD, CRA7 to CRAO, RDT, GDT, BDT, BLF,
RBF, RVF, and MBK registers.

Display memory address specification register (9 bits) -
DMAS8 to DMAO (bit0 in ORETC and ORDMA)

Display memory bank switching register (1 bit) -~ MBK (bit1 in ORETC)
"0” -+ Forchanging either character code or character ornamentation
1 For changing both character code and character ornamentation
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Note 1:

Note 2:

NOP
NOP

LD

NoP
NOP

LD

Note 3:

Don‘t use the 2 bytes transfer operation such as [LDW (HL), mn] when accessing to
display memory.

When writing a data to the display memory immediately after setting the display
memory address to DMA, or when continuously writing a data to the display memory,
insert gver 2 instruction cycles between the instrunction for writing a data.

Write the display memory address to DMA
A

é Over 2 instruction cycles
v

Write a data to the display memory
A

Over 2 instruction cycles

¥
Write a data to the display memory

Example: Setting a character code (204) to the display memory (Address : 120 to 121p)

HL, ORCRA ; Set ORCRA address to HL reg.

A, 20H : Load character code to A reg.

DE, ORDMA ; Setliower 8-bit addresses to DMA7 to 0

(DE), 20H

DE, ORETC ; Set the most upper address to DMA8 and set MBK to "0"

(DE), 00000001B

Set lower 8-bit addresses to DMA7 to 0

DE, OROMA ;
(DE), 20H
DE, ORETC . Setthe most upper address to DMAS and set MBK to “0"

(DE), 000000018

Insert 2 instruction cycles

(HL),A ; Write a character code to display memory (Address : 120H)

insert 2 instruction cycles

(HL),A ; Write a character code to display memory {Address : 121H)

Transfer the contents of display memory which affect displaying characters into 0osD
circuit, before the position of scanning line coincides with their own vertical display
start position.
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a. Display memory write sequence when writing both character code and character ornamentation.
@ Write lower 8-bit addresses of display memory to DMA7 to DMAQ (in ORDMA).

@ Write the most upper addresses of display memory to DMAS (bit 0 in ORETC) and set MBK (bit 1in
ORETC)to “1”.

Note: It is necessary to write all bits of display memory address, writting DMAS8 after DMA7 to
DMAQO, when writing display address, and repeat this sequence.

@ Write character ornamentation data (blinking, reverse, reverse blinking, and color data) to RDT,
GDT, BDT, BLF, RVF, and RBF.
At this time, the character ornamentation data is transferred to the display memory.

@ Write character code to CRA7 to CRAD.
At this time, character code is transferred to the display memory together with the character
ornamentation data which is written in @ and DMAS to DMAO are automatically incremented.
b.Display memory write sequence when writing either character code or character ornamentation

@® Write lower 8-bit addresses of display memory to DMA7 to DMAO (in ORDMA).

® Write the most upper address of display memory to DMAS (bit 0 in ORETC) and clear MBK (bit1in
ORETC) to “0".

Note: It is necessary to write all bits of display memory address, writting DMAS8 after DMA7 to
DMAQ, when writing display address, and repeat this sequence.

@ Write character ornamentation data (blinking, reverse, reverse blinking, and color data) to RDT,
GDT, BDT, BLF, RVF, and RBF or write character code to CRA7 to CRAC.
At this time, written data are transferred to the display memory and DMAS8 to DMAOQ are
automatically incremented.
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(20) OSD control register write / read
The address of the OSD control registers are assigned to the DBR area.
To write or to read from the OSD control registers, the method is the same as for accessing ordinary
DBR registers.
The written data are transferred to the OSD circuit at the end point of the scanning line without
display by setting RGWR register to “1" and become valid. And, be able to write value of OSD
control register after RGWR flag is cleared to "0".

Note 1: Do notwrite the contents of OSD control registers during RGWR flag is “1 “. If contents

Note2: Do not clear RGWR register to “0". If RGWR register is cleared to “07, the contents of

Note 3: Insert over3 instruction cycles between the instruction which sets RGWR registerto “1”

Noted : Transfer the contents of all OSD control registers which affect displaying characters

of OSD control registers are written during RGWR flag is “1”, the written data are
broken.

OSD control registers may be transferred to OSD circuit at unexpected timing.
and the instruction which checks RGWR flag.

into OSD circuit before the position of scanning line coincides with their own vertical
display start position.

Example 1:

In the case of writing the data into OSD registers, setting RGWR register to “1” and
checking RGWR flag

WVriting the data into OSD registersJ

LD
SET

LD
LD

NOP
NOP
NOP
CHECK_RGWR_ FLAG
TEST
JR

Example 2:

LD
CHECK_RGWR_ FLAG

TEST

JR

A, (TEMP_ORDON) ; Setbit 2 of work-area to “1”

A.2

HL, ORDON ; Set RGWR register to “1” (Request data transfer)
(HL). A

: Insert 3 instruction cycles

(HL).2 ; Check RGWR flag until RGWR flag is “0"
F,CHECK_RGWR_FLAG

In the case of checking RGWR flag, writing the data into OSD registers, and writing RGWR
registerto 1"

HL, ORDON

(HL).2 ; Checking RGWR flag until RGWR flag is 0"
F,CHECK_RGWR_FLAG

rWriting the data into OSD registers J

LD A, (TEMP_ORDON) : Setbit 2 of work-areato “1”
SET A.2
LD HL, ORDON : Set RGWR register to “1” {Request data transfer)
LD (HL), A
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NOP ; Insert 3 instruction cycles
NOP
NOP

The timing chart of transferring the contents of OSD registers into OSD circuit is shown as follows;

1. Inthe case of setting RGWR register to "1" during the position of the scanning line is in no display area
(except any lines specified as display off by CSn).
The contents of OSD registers are transferred into OSD circuit when the position of the scanning line is at
the falling edge of HD signal.

D signal

LI L

I<._ in the case of setting RGWR to 1" during this period _,l

RGWR register I |
Set RGWR register

Data transfer pulse n

3instrcution cycles registers into OSD circuit

RGWR flag : i |

——> <—— ( Transfer the contents of OSD

2. In the case of setting RGWR register to "1" during the position of the scanning line is in display area
(including any lines specified as display off by CSn).
The contents of OSD registers are transferred into OSD circuit when the pasition of the scanning line is at
the falling edge of HD signal of finishing the display fine.

HD signal n
|<__ In the case of setting RGWR to “1" during this period .._>l

¢
Display line (for 1 Line) I v

The end point of display
i«

RGWR register | " [
Set RGWR register

Data transfer pulse T

[{¢

e 3
— s e Transfer the contents of OSD
: %(i nstreution cycles registers into OSD circuit
el

RGWR flag : :l |
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For registers (DMAS to DMAO, CRA7 to CARO, RDT, GDT, BDT, BLF, RBF, RVF, MBK) used for
updating the display memory, P67DS to P64D5, YBLCS, BKMF, RBMF, ESMZ, VDSMD, FORS, RGWR,
HDPOL and VDPOL, the data become valid as soon as they are written.

Written data transfer register (1 bit} -~ RGWR (bit 2 in ORDON)
“0” - Initial state
79" ..  Transfer written data t0.0SD circuit. (After transfer, RGWR register and RGWR

flag are automatically cleared to “0".)

Written data transfer monitor flag (1bit) -+ RGWR (bit 2 in ORDON)
“Q" .- Transfer completed.
”1" -+ During transfer

{21) Display on/ off
This function is used to display characters specified for on/ off display.

Display on / off specification unit:  Display page

Display on / off specification register (1 bit) -~ EDISP (bit 0 in ORDON)
“Q" - Disabledisplay
“1" « Enabledisplay

Note: Do not start STOP made during display is enabled.
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(22) window function

This function is used to set upper and lower limit of display page. Window upper limit is specified by
WVSH (ORWVSH). Window lower limit is specified by WVSL (ORWVSL). This function is enabled by
setting EWDW (bit 1in ORDON }in the OSD control registerto “1”.

Window specification unit: Display page

Window function enable specification register (1 bit) -+ EWDW (bit 1in ORDON)
“0” - Disable window function
“1” - Enable window function
Window upper limit specification register (8 bits) - WVSH7 to 0 (ORWVSH)
Window lower limit specification register (8 bits) - WVSL7 to 0 (ORWVSL)

Window upper and lower limit position
When VDSMD is “0” (Normal mode) :
WVSH = (WVSH7 to WVSHO) 4 x 2Thp
WVSL = (WVSL7 to WVSLO) 4% 2THp
When VDSMD is “1” ( Double scan mode) :
WVSH = (WVSH7 to WVSHO) g x4THp
WVSL = (WVSL7 to WVSLO0) 4 x 4THp

Note 1: Tup, One cycle of HD signal

Note2: WVSL > WVSHz="1"

Note 3: Maoadify the value of window upper and lower limit register as follows:

1. When WVSHNew = WVSHoD
Set the new value, during VD signal is low or before the position of the
scanning line coincides with WVSHnew.

2. When WVSL > WVSLyew > WVSHop
Set the new value, during VD signal is low or before the position of the
scanning line coincides with WVSLoyp.

3. When WVSLyew = WVSLoip
Set the new value, during VD signal is low or before the position of the
scanning line coincides with WVSLnew.

4. When WVSLyew > WVSLowp
Set the new value, during VD signal is low or before the position of the
scanning line coincides with WVSHo.p.

Note d : Itis recommendable that the window function is always enabled (EWDW = “1”) and set
WVSH to “01r", WVSL to “FEy”. When the window function should be set to disable,
clear EWDW to *0” independent of the value which this register has been set from
detecting the rising edge of HD signal by software until the falling edge of HD signal.
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WVSH --> 7 |
% / Only this area is displayed.

TV screen

.., .............. SS

WVSH

e

W

(23)0SD Control Registers
Can not access all OSD control registers in any of read-modify-write instructions such as bit
operation, etc.

7 6 5 4 3 2 1 0

ORHST e .
©OFsy | "0 [Hs16 Hsis[usta[mst3 [Hsiz]Hst1 | sto | anitial value ~ +0000000)

I HS16to 10 I Horizontal display start position V(‘,’,',ﬁ‘f

7 6 5 4 3 2 1 4]

ORVS1 V17 | V516 | V515 | vS14 1 V513 | VE12 [ vS11 | VS10 Initial val 0000 0000
oraty (V17 [vsis[vsisvstafusia[vsi2[vsti [vsto] nitalvalue 00000000)
ORVS12 )
P [vst27]vsize]vstas|vsizalvstaslvsizzvsias vsi20| (nitial value 00000000)

|7$n7 to0 I Vertical display start position for line n V},’F,‘ﬁf

(n=11t012)

Note 1:  If display lines are overlapped each other, previous display line is enabled and next line is disabled. Set the vertical

display start position not to overlap display lines.
Note2: Transfer the contents of vertical display start position registers into OSD circuit before a position of the scanning line
coincides with their own vertical display start position.

7 6 5 4 3 2 1 0
ORCS4 iti
ool r csa l €s3 I cs2 | ¢ (Initial value 0000 0000)
g’;g:s) | C?B I C?7 l C?G l CSI,S J (Initial value 0000 0000)
H
g)':g?)z | o | on [ o | o ] nitiat value - 0000 0000)
H. 1 1 1 i
00: Display off
Character size and display on/off for 01 :Largesize Write
Csn line n 10 : Middle size only

11 :Small size

{n=1t012)

3-39-138
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OREFR 7 6 5 4 3 2 1 0
OF90,
(0FS0k) | £FRg | EFR7 ] EFR6 | EFRS | EFRa | EFR3 | EFR2 | EFRI | (Initial value 0000 0000)
— P . 0: Disable fringing Write
EFRn Fringing enable specification register 1: Enable fringing only
{(n=1t08)

Note : When a display line is enabled fringing function, its vertical size is increased by one dot (by two dots when its
character size is small) independent of its character font. Therefore, when a vertical display start position is
specified to no space between the lines, the display line which is overlapped with increasing dot(s) is

canceled.
ORP6DS 7 6 5 4 3 2 1 0
(0F91y) "
" |pe7os[pesps|pespspeans|erriz[errit |errio] errg | (nitial value 0000 0000)
P67DS to 0: Port contents output
P64DS P6 port outputselect 1: R,G,B, Y/BLsignal output Write
_— e ) 0: Disable fringing only
EFRm Fringing enable specification register 1 Enable fringing
(m=9t012)

Note : When a display line is enabled fringing function, its vertical size is increased by one dot (by two dots when its
character size is small) independent of its character font. Therefore, when a vertical display start position is
specified to no space between the lines, the display line which is overlapped with increasing dot(s) is
canceled.

7 6 5 4 3 2 1 0
(c();‘gl‘;v)SH IWVSH7IWVSHG|WVSH5IWVSH4IWVSHB[WVSH2|WV$H1 vasuo| (Initial value 0000 0000)
H
| WVSH7 t0 0 lWindow upper limit position (WVSL>WVSH Z 1) | Write I
7 6 5 4 3 2 1 0
gr;\gﬂ;V)SL |WVSL7 vasmlwvsulwvsmlwvsu vasu |WVSL1 vasml (Initial value 0000 0000)
H

| WVSL7 10 0 |Window lower limit position (WVSL>WVYSH 1) : | Write |

7 6 5 4 3 2 1 0

ORBK |EBKGD|EXBL[RBDT|GBDT|BBDT|RFDT|GFDT|BFDT| (Initial value 0000 0000}

(OF94,})
EBKGD Background function enable 0: Disable background
specification register 1: Enable background
EXBL Full-raster blanking enable specification [0: Disable full-raster blanking
register 1: Enable full-raster blanking

000: Black
001: Blue

REOT/ 04: Cran

GBDT/ Background color select ) Y

BEBDT 100: Red .
101:  Magenta Write
110:  Yellow only
111:  White
000: Black
001: 8lue

o e

GFDT/ Fringing color select : Y

BFOT 100: Red
101: Magenta
110:  Yellow
111:  White

Note : When the background color function is used, the blank character (code 00y) can not be used as the first

character on the fringing line.
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7 6 5 4 3 2 1 0

ORIRC "
Ay [suv] v frew[svo|  sbc | dnitialvalue 00000000)
BLIV BL output polarity select ? ﬁg:zg I'ga’h
YIV Y output polarity select ? ﬁg::g mevh
: 0: Active high Write
RGBIV R, G, B output polarity select 1 Active low only
0: Interrpt request by ISDC value
SVD Interrupt source select 1: Interrupt request at falling
edge of VD signal
150C Interrupt generation line select
ORIRC 7 6 5 4 3 2 1 0
OF95 feeenaenen e g s
(OF95) DCTR | Gnitiat value  x+x 0000)
...................... Savereerandiiaiiiina, 1 1
l DCTR I Display line counter I %?.ﬂg |

I Note : The display line counter also increments when a line with all blank data or a line with display off is specified. |

7 6 5 4 3 2 1 o
MBK |owﬂ (Initial value 0000 0000)

ORETC IYB._CS | BKMF | RBME | ESMZ |vosmo 0"

: Double scan mode

1 Access to either character
code or character display

MBK Display memory bank switching options

: Access to Both character code
and character display options

(OF96,,)
. 0: Ysignal output

YBLCS Y/BL signal select 1- BLs?gnal output

Blinking master enable specification 0: Disabie blinking
BKMF register 1: Enable blinking
RBMF Reverse blinking master enable 0: Disable reverse blinking

specification register 1: Enable reverse blinking

. P f 0: Disable smoothin
ESMZ Smoothing enable specification register |31 g Smoothingg Write
. onl
VDSMD Double scan mode select ? : Normal mode y
0

DMAS Display memory address (bit 8)

NoteT:  Clear “0” tobit2in ORETC.
Note2: It is necessary to write all bits of display memory address, writing DMAS8 after DMA7 to DMAO, when
writing display address, and repeat this sequence.

7 6 5 4 3 2 1 0

ORDMA IDMA?lDMAGIDMASlDMAdIDMA3IDMAZlDMA1IDMAO| (initial value 00000000}
(OF974)

I?MA7 00 ‘ Display memory address l vgr“tye I

Note : Itis necessary to write all bits of display memory address, writing DMAS after DMA7 to DMAQ, when writing
display address, and repeat this sequence.

H 5057249 0036964 96T N
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5 4 3 2 1 ]
e S I L T 2 e e
RBF Reverse blinking enable specification 0: Disable reverse blinking
register 1: Enable reverse blinking
RVF Reverse enable specification register (1) ED:‘saaé)lleerree\:/;;ze
BLF Blinking enable specification register (1) g&?ﬁflﬁ!?ﬁ?&
. Write
000: Black
Q1 Blue only
10: Green
RDT/ .
GDT/ Character color select (1)(1)(1) : gle,gn
BDT 101: Magenta
110:  Yellow
111:  White
7 6 S 4 3 2 1 0
ORCRA ~ [cra7 [cras [cras | craa [cra3[cra2 [cra1 [cRAO| Gnitial value  wwxs saes)
(0F99y,)
l CRA7 to 0 I Character code Write only
7 6 5 4 3 2 1 0
ORDON ia
(OF9A) . IRGWR |EWDW[ EDISP ’ (Initial value  *»x0 0000)
fosc f ! 0: Normal frequency mode
FORS osc frequency select 1: Double frequency mode
0: (Initial state)
RGWR Written data transfer request register i Iirraczsizer(r\vfrtI;:i?aiasZ:oR(G)WR
is cleared to "0".) Write only
EWDW Window function enable specification 0: Disable window function
register 1: Enable window function
EDISP Display on/off specification register ? EDr“s:é’ll:gi's?l?yy
Notel : » ; don't care

Note2 : The data written to OSD control registers except the register followed table is transmitted to OSD
circuit by setting RGWR (bit2 in ORDON) to "1”. RGWR is cleared to “0” automatically after the transfer

is completed.

P67DS, P66DS, P65DS, P64DS

bits 7 to 4in ORP6DS

YBLCS, BKMF, RBMF, ESMZ, VDSMD, MBK, DMAS

bits 7t0 3, 1 to 0in ORETC

DMA7, DMAG6, DMAS, DMA4, DMA3, DMA2, DMA1, DMAO

bits 7 to 0in ORDMA

RBF, RVF, BLF, RDT, GDT, BDT

bits 5 to 0 in ORDSN

CRA7, CRAB, CRAS, CRA4, CRA3, CRA2, CRA1, CRAD

bits 7 to 0 in ORCRA

FORS, RGWR bits 4 and 2 in ORDON
HDPOL, VDPOL bits 1 and 0 in ORPOL
Note3 : When EWDW is cleared to "07, clear EWDW to "0 independent of the value which this register has

Noted :
Note5 :

been set from detecting the rising edge of HD signal by software until the falling edge of HD signal.

Write “1” to bit 3 of ORDON when writing to ORDON.

Do not clear RGWR register to "0”. If RGWR register is cleared to "0, the contents of OSD control
registers may be transferred to OSD circuit at unexpected timing.
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7 6 5 4 3 2 1 0

ORDON l .
FORS RGWR |EwDw | £DISP | (Initial value »x#Q
(OF9AR) oo | | l [ cose | Gnitat value  «++01000)
FORS fosc frequency select status ? ggﬂgfe' ff::gaee:g mgg;
RGWR Written data transfer monitor flag (1) B’J’:ﬁ?[ bt elreted
EWDW Window function enable specification 0: Disable window function Read only
status 1: Enable window function
EDISP Display on/off status ? Evl's:lgleecﬂlsﬁ?y
5 4 3 2 1 0
ORPOL I 3
initial value  ##*# *x0Q)
(OF9B4) ( )
: 0: Non-invertinputsignal
HDPOL HD polality select 1: Invertinputsignal Read/
VDPOL VD polality select o m“’l‘;r‘{‘i‘:“;’st"s‘ipg‘;‘aﬁ'gna' rite

2.15  litter Elimination Circuit
The 87CM39/P39/539 has a jitter elimination circuit which can display stably without moving up and down
even if a vertical synchronous signal input at the on-screen display is disarranged.

2.15.1 Configuration

HD vD
I F »
HOND edge :D Delay value jl> Internal VD output L, VD

detection circuit setting circuit control circuit (to OSD circuit)

!

VD delay value Counter

measurement circuit

t

=
2/fc
JECKS VEEN

[ ]
5

Figure 2-86. lJitter Elimination Circuit
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2.15.2 Control
Jitter elimination circuit is controlled by the jitter elimination control register (JECR).

Jitter elimination control register

JIECR 2 0
(OFABy) upyr
0 JEEN JECKS | (initial value: = x0x0)
JEEN litter elimination enable 0: disable
specification 1: enable write
JECKS Source clock select 0: 2/fc(Select this, when fc =8 MHz) only
1: 1 (Select this, when fc = 4 MHz)

Note 1:  When using jitter elimination function, set the JECKS using the CPU clock of
4 MHz or 8 MHz. Using different frequency clock may cause malfunctions.
Note2: Thebit 1 and bit 3 of JECR are always cleared to “0".

Figure 2-87. litter Elimination Control Register
2.15.3 Functions

Jitter elimination circuit detects the different phase between the falling edge of the external VD signal
and HD signal. When VD signal is falling within AD signal falling +/ - 1/4 HD, the jitter is automatically
eliminated and internal VD signal is set to the stable location.

This function is enabled by setting JEEN (bit2 in JECR) in the jitter elimination control registerto “1”. CPU
clock must be used at 8 MHz or 4 MHz at using the jitter elimination. JECKS (bit0 in JECR) must be set to
“0" at 8 MHz, and “1" at 4 MHz.
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INPUT/ QUTPUT CIRCUITRY

(1) Control pins
The input/ output circuitries of the 87CM39/P39/539 control pins are shown below.

CONTROLPIN o INPUT / OUTPUT CIRCUITRY REMARKS
Osc. enable -’:Do_—.—» fc Resonator connecting pins
(high-frequency)

XIN Input VDD W . ovoD gn-ireq
XOUT Output o ZRo Re =12MQ  (typ)

L-_-I Ro =15kQ  (typ.)

XIN XouT

QOsc. enable —)tDo___ f
—( §—> S
— Resonator connecting pins
XTIN Input R L (low-frequency)
XTOUT Output =Ro Ry =6MQ (typ.)
)ﬂ Ro =220kQ  (typ.)
XTIN XTOUT
VDD Sink open drain output
R Rin Hysteresis input
RESET o Address trap reset Pull-up resistor
Watchdog timer reset |~ Rn=220kQ  (typ)
System clock reset
R=1k( (typ.)
VDD
Hysteresis input
STOP/INTS Input ) Do—f= R

R=1kO (typ.)
P20/STOPAINTS

VDD
R Pull-down resistor
TEST tnput Rin=70ka (typ)
Rin R=1kQ (typ.)

Osc. enable »—_:DD___, fasc Osc. connecting pin for on-

A screen display
osc1 Input vbD W1, g
0sC2 Output =0 R¢ =1.2MQ  (typ.)
I___I I:I Ro =1.5kQ  (typ)
05C1 oscz
3-39-144
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(2) Input/OQutput Ports
The input/ output circuitries of the 87CM39/P39/539 I/0 ports are shown below.
PORT /0 INPUT/ QUTPUT CIRCUITRY REMARKS
initial "Hi-z" VDD Tri-state I/O
PO (e}
disable E ; : < R
/I =
<] R= 1k (typ.)
P1 initial "Hi-z" VDD Tri-state /O
Hysteresis input
P50
[Ie}
to ¢ disable e R
P51 @ R= 1k (typ.)
initial "Hi-2” Sink open drain output
P2 l{e}
R R=1kQ (typ.)
initial "Hi-2" Sink open drain output
Hysteresis input
P3 I{e] D I
P7 R
R=1kQ (typ.)
P4 initial "Hi-2" vDD Tri-state 1/Q
P64 I{8]
to disable E i : o R
P67 A R=1kQ (typ.)
~J
initial "Hi-2" VDD Tri-state ¥O
Hysteresis input
P52 disable ﬁ o R
to l{e] @ R=1kQ (typ.)
P57 RA =5k (typ.)
$ Ca = 12 pF {typ.)
I V=
&
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PORT 170 INPUT/OUTPUT CIRCUITRY REMARKS
initial “Hi-Z" Sink open drain output
. $RA VDD :—hgh ;:rri\(ttout)put
PEO A o = 20 mAltyp.
P — ) = R= 1k (typ.)
P61 disable L
<R RA =5k (typ.)
<1 ] Ca=12pF(typ)
~J
VDD " :
initial "Hi-2" Sink open drain output

P62 _.El High current output
" 1o >:D°"| - loL =20 mA (typ.)
© disable

P63 2

A
YYy
-

R=1kQ (typ.)

A

3-39-146
B 9097249 0036970 163 W




TOSHIBA

TMP87CM39/P39/539
ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS (Vss=0V)
PARAMETER SYMBOL PINS RATINGS UNIT
Supply Voltage Voo -0.3t06.5 \
Input Voltage Vin ~0.3toVpp+0.3 v
Qutput Voltage Vouti -0.3toVpp+0.3 Y
o c louTs Ports PO, P1, P2, P3, P4, P5, P64 to P67, P7 3.2
tput t (Per1pi mA
utput Current (Per 1 pin) lourz | Ports P60 to P63 30
o c | Zloyry |PortsPO, P1, P2, P3, P4, PS, P64to P67, P7 120 a
tput t (Tot m
utput Current (Total) Sloutz | Ports P60 to PE3 120
Power Dissipation [Topr = 70 °C] PD 600 mw
Soldering Temperature (time) Tsid 260(10s) °C
Storage Temperature Tstg -55t0 125 °C
Operating Temperature Topr -30t070 °C
RECOMMENDED OPERATING CONDITION;| (Vss=0V, Topr= -301070°C)
PARAMETER SYMBOL PINS CONDITIONS Min. Max. UNIT
fc= |NORMALT1, 2 mode
8 MHz 4.5
IDLE1, 2 mode
Supply Voltage Vpo fs= 1sLow mode 5.5 v
32.768 27
kHz  |SLEEP mode
STOP mode 2.0
Vin1 | Except hysteresis input Vpp % 0.70
Vpp Z 4.5V
Input High Voltage | V42 | Hysteresisinput Vpp x0.75 Voo Vv
ViH3 Vpp<4.5V Vpp % 0.90
Vitr | Except hysteresis input Vpp x 0.30
VppZ 4.5V
Input Low Voltage Viz | Hysteresisinput 0 Vppx0.25 \
Vius Vpp<4.5V Vop x 0.01
fc XIN, XOUT Vpp=4.5t05.5V 4.0 8.0
Normal frequency mode 40 fosc=fex 12
(FORS =0, Vpp = 4.510 5.5 V) : <80 MHz
Clock Frequency fosc | 05Ct, OSC2 Double frequency mode 20 fosc=fcx 0.6
(FORS =1, Vpp=4.510 5.5 V) : <40
fs XTIN, XTOUT 30.0 34.0 kHz

IDLE 1/2 mode.

Note 1: Clock frequency fc ; The condition of supply voltage range is the value in NORMAL 1/2 mode and

Note2: When using test video signal circuit, high frequency must be 8 MHz.
Note 3: When the OSD circuit is used, the supply voltage must be from 4.5V to 5.5 V.
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| D.C. CHARACTERISTICS {Vss=0V, Topr= -30t070°C)
PARAMETER SYMBOL PINS CONDITIONS Min. | Typ. | Max. | UNIT
Hysteresis Voltage Vus Hysteresis inputs - 0.9 - v}
i TEST Vpp=55V,Vn=55V/0V - - 2
N2 Open drain ports Vpp=5.5V,Viy=55V - -
Input Current - Py
lin3 Tri-state ports
e Vpp=5.5V,ViN=5.5V/0V - - +2
lna | RESET, STOP
Input Resistance Rinz | RESET 100 | 220 | 450 | kQ
Output Leakage Lo Sink open drain ports Vpp=5.5V,Vour=5.5V - - 2 A
Current oz | Tri-state ports Vpp=5.5V, Vour=55v/0V| - - £2
Output High Voltage Vouz | Tri-state ports Vpp=4.5V,lgy=-0.7mA 4.1 - - v
Output Low Voltage Vou Except XOUT and ports P63to P60 | Vpp =4.5V, lgL = 1.6 mA - - 0.4
Output Low current loLs Ports P63 to P60 Vpp=4.5V,Vo =10V — 20 - mA
Supply Currentin _ _
NORMAL 1, 2 modes Vpp=5.5V,Vin=53V/02V | - 13 20
fc=8MHz mA
Supply Currentin _
IDLE 1, 2 modes fs=32.768 kHz - |65 ] 10
Supply Currentin lop _
SLOW mode Vop=3.0V - 30 70
fs=32.768 kHz A
Supply Currentin ViN=28V/0.2V _ 15 35
SLEEP mode
Supply Currentin Vpp=5.5V - 0.5 10 pA
STOP mode Vin=53V/02V
Note1:  Typical values show thase at Topr=25°C, Vpp=5V. ’

Note2 :
Note 3 :

Input Current lyy;, Iivg ; The current through pull-up or pull-down resistor is not included.
supply Current Ipp ; The current (Typ. 0.5 mA) through ladder resistors of ADC is included in
NORMAL mode and IDEL mode.

D/ D CONVERSION CHARACTERISTlCSJ (Vss=0V, Vpp=4.51t0 5.5V, Topr= - 30to 70°C)

PARAMETER SYMBOL CONDITIONS Min. Typ. Max, UNIT
Voo supplied from Vpp pin - Voo -
Analog Reference Voltage
Vss supplied from Vgg pin - 0 1]
Vv
Analog Reference Voltage Range | AVarer =Vpp—Vss - Vop -
Analog input Voltage Vain Vsg - Vbp
Nonlinearity Error - - 1
2ero Point Error - - t2
Vpp=4.5V105.5V LSB
Full Scale Error - - 2
Total Error - - 3
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A.C.CHARACTERISTICS | (Vss=0Y, Vop= 451055V, Topr= - 301070°Q
PARAMETER SYMBOL CONDITIONS Min. Typ. Max UNIT
In NORMAL1, 2 modes
0.5 - 1.0
InIDLE1, 2 modes
Machine Cycle Time tey us
In SLOW mode
117.6 - 133.3
In SLEEP mode
High-Level Clock Pulse Width tweh | For external clock operation
. 62.5 - - ns
Low-Level Clock Pulse Width twer | (XiNinput), fc=8MHz
High-Level Clock Pulse Width IWSH | For external clock operation 147
. - - 3
Low-Level Clock Pulse Width | twsi | (XTINinput), fs = 32.768 kHz #

RECOMMENDED OSCILLATING CONDITIOI\EI (Vss=0V, Vpp=4.5t05.5V, Topr= - 30t0 70°C)

Oscillation Recommended Constant
PARAMETER Oscillator Recommended Oscillator
Frequency G C,
KYOCERA KBRB.OM
8 MHz
Ceramic Resonator 30 pF 30 pF
High-frequency KYOCERA KBR4.0MS
Oscillation 4 MHz
MURATA CSA4.00MG
8 MHz TOYOCOM 210B 8.0000
Crystai Oscitlator 20 pF 20 pF
4 MHz TOYOCOM 2048 4.0000
8 MHz TOKO A285TNIS-11695
oS0 LC Resonator - -
7 MHz TOKO TBEKSES-30375FBY
Low-frequency .
e Crystal Oscillator 32.768 kHz NDK MX-38T 15 pF 15 pF
Oscillation
Q0sC1 0sc2
XIN XOUT XTIN XTOUT

(1) High-frequency Oscillation (3) Low-frequency Oscillation

(2) LCResonator for OSD

To keep reliable operation, shield the device electrically with the metal plate on its package mold surface
against the high electric field, for example, be CRT (Cathode Ray Tube).

Note :
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