TOSHIBA TMP87C833/C33/H33

CMOS 8-BIT MICROCONTROLLER
TMP87C833N, TMP87C33N, TMP87CH33N,

The 87C833/C33/H33 is the high speed and high performance 8-bit single chip microcomputer. This MCU
contains CPU core, ROM, RAM, input/output ports, six multi-function timer/counter, serial interface, on-
screen display, PWM, 6-bit A/D conversion inputs and remote control signal processor on a chip.

The functions of the OSD circuit conform to the on-screen display functions of closed caption decoders
based on FCC standards.

PART No ROM RAM PACKAGE OTP MCU
TMP87C833N 8K bytes
Trmpg7ccIsN | 12K bytes | 1K bytes SDIP42-P-600 | TMP87PH33N
[ TiaPg7CHIIN | 16k bytes T

FEATURES
4 8-bit single chip microcomputer TLCS$-870 Series
@ Instruction execution time : 0.54s (at 8MHz)
€412 basic instructions
® Multiplication and Division (8bits x 8bits , 16bits + 8bits)
® Bit manipulations(Set/Clear/Complement/Move/Test/Exclusive Or)
® 16-bit data operations
® 1-byte jump/subroutine-call (Short relative jump / Vector call)
@ 14interrupt sources (External : 5, Internal :
® All sources have independent latches each,
and nested interrupt control is available.
® 4 edge-selectable external interruptswith noisereject
® High-speed task switching by register bank changeover
46 Input/Output ports (34 pins)
® High current output : 4pins (typ. 20mA)

SDIP42-P-600

@ Two 16-bit Timer Imgg;gg;:
#Two 8-bit Timer/Counters TMPSTCH33N
® Timer, Eventcounter, Capture (Pulse width/duty measurement)
modes
€ Time Base Timer (Interrupt frequency : 1Hz to 16kHz)
@ Watchdog Timer

® Interrupt source/reset output (programmable)
@ Serial Interface

® |2C-bus/8-bits SIO modes
4 On-screen display circuit

® Character patterns 1 256 characters

® Character displayed : 32 column 8lines

® Composition : 8x9dots

® Size of character : 3kinds (line by line}

® Color of character 1 7kinds (character by character)

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

® Fringing, Smoothing function

® Conform to US CLOSED CAPTION DECODER REGULATION
@ PWM outputs

® 14-bit PWM output (1 channel)

® 7-bit PWM outputs (9 channels)
@ 6-bit A/D conversion input {4 channels)
@ Puise output (Clock for PLLIC)

Remote control signal processor

€ Two Power saving operating modes

® STOP mode : Oscillation stops. Battery/Capacitor back-up. Port

output hold/high-impedance.

® IDLE mode : CPU stops, and Peripherals operate using high-frequency clock. Release by interrupts.
@ Wide operating voltage : 2.7~5.5V at4.19MHz, 4.5~5.5V at 8MHz
®Emulation Pod : BM87CH33NOA
@ Data Slicer : TA8862P

Purchase of TOSHIBA I C components conveys a license under the Philips 12 C Patent Rights to use these
components in an 2 Csystem, provided that the system conforms to the I C Standard Specification as defined by
Phihips.
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TOSHIBA TMP87C833/C33/H33

PIN ASSIGNMENTS (TOP VIEW)

SDIP42-P-600 (PWMO) P40 <[] 1 N\ 42 [J«—VDD
(PWMT) P41 <[] 2 41 [l«—>P33 (CDATA/TC4)
(PWMZ) P42 <> 3 40 [J->P32(CCLK)
(PWM3) P43 <[] 4 39 [J=—>pP36(50/INT4)
(PWM3) P44 =[] 5 38 [J=—>P35(S1/5DA)
(PWM5) P45 <[] 6 37 [l~—=P34 (SCK/SCL)
(PWMGB) P46 <—=[ 7 36 [l«—>P31(TC3)
(PWM7) P47 <> 8 35 [J=«—>P30 (INT3/RXIN)
(INTO/ PWMB) P50 <—»[| 9 34 [J«—>p20(INT5/STOP)
(PWM9) P51 <—>{] 10 33 [J«—>-RESET
(TC2/PULSE) P52 <—>{] 11 32 [—>Xxo0uT
(INT2/TC1) P53 <[] 12 31 [=—XIN
(CINO) P54 <[] 13 30 [J=—TresT
(CINT) PSS <> 14 29 [—0sC2
(CIN2) PS6 <—>{] 15 28 [J«—0sC1
(CIN3) P57 <—>{] 16 27 [}«—=P71 (VD)
(Y/BLIN) P60 =—=[] 17 26 [l«—>P70 (HD)
(BIN) P61 <—>[] 18 25 {Je—»P67 (Y/BL)
(GIN) P62 <—=[} 19 24 [l=—>P66 (B) VO Ports
(RIN/FIELD) P63 <—>[] 20 23 [l«—>P65(G)
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P30 (INT3/RXIN)

110 {input/input)

TOSHIBA TMP87C833/C33/H33
PIN FUNCTION
PIN NAME Input/Output Function
1-bit input 7 output port with latch  When used as .
P20 (INTS/STOP) |10 (Input) an INput pOrt, or an Interrupt INPUYSTOP mode E.xternlal intrrupt input 5/STOP mode release
release signal Input, the latch must be setto *1” signal input
P36 (SO/INT4) 110 (071 SIO mrlalclock output/ExternaI mtrruptmputA
P35(SDA/S|) ) IIIO (.l/OIIrlput) 7-bit inputioutput port with latch. I?Cbus serlaldata lnpuuoutput.ls.lq.s?rlaldata mput o
P34 (SCL/SCK) 110 (11O/Input) When used as an input port, a serial | 2Cbussenal clock inputioutput or SIO senal clock input
P33 (CDATA) !nterface inputfoutput, a. timer/counter Caption data input
oo )0 (Input) input, a remote control signal processor
P32 (CCLK) o input, slicer interface, or an intrrupt | Caption '3|°<k""l°“t .
P31(TC3) 110 {Input) input, the latch must be set to “1”. Tlmer/Counter 3 |nput

External intrrupt input 3 / remote control
signal processor input

8-bit programable input/output port

P60 (YIBLIN)

GIN, BIN, Y/BLIN input, these ports must
be as inputs.

P47 (PWM7) (to-state). Each bit of this port can be
~P41 (PWM1 individually as an input or an output 7-bit PWM outputs
( ) /0 (Output)

_______________________ utpy under software control. During reset,

all bits are configured as inputs When
P40 (PWMO) used as a PWM output, the latch must | 14-bit PWM output

besetto "1".
P57 (CIN3) 110 (Input) C tor input:
~P54 (CINO) npu omparator inputs

oo 8-bit iInput/output port with latch.
P??..(INTZITU) IIO TR When used as an input port, a PWM E.Xt.er.n?.'mfe.".uD.tmp‘fzmmﬁr’?um.eﬂ"rp.m. e
PSZ (PULSE/TCZ) output, or a pluse output, the latch | puise output (Clock for PLL IC) Mimer/Counter 2 input
Ps1t (PWM9) YO (Output) must be set to "1 ' ' '
. 7-bit PWM outputs/External intrruptinput 0
P50 (PWMS/ lNTO)
P71 (VB) 2-bit input/output port with latch  When used as Vertical synchronous signal input
o o VO (input) an input port, a vertical synchronous signal input, | N
P70 (HD) :uzt:oe":;:;ai : !mmnous signal input, the latch Horizontal synchronous signal input
P67(Y/BL) 8-bit programable input/output port
----- (P67 to P64 : tri-state, P63 to P60 : High

pee@) current output). Each bit of this port
P6S (G) /0 (Output) can be individually as an input or an | R G: B, Y/BLoutput

output under software control. During
PGA(R) reset, all bits are configured as inputs. | = .
P63(RIN/FIELD) When P67 to P64 port used as port | ginp,yield status nput

output, bits 7to 4 of address OF9 Ty must | = woermr e e s e e
P62 (GIN) be setto "1
Pe1 GIN 1o When P63 to P60 port used as RIN/FIELD, | G. 8, Y/BLinput

0sC1, 0sC2 Resonator connectlng pln of on-screen dlsplay cm:u»t

[ Input, Output B R,
XIN, XOUT Resonator connecting pin {High frequency) For input external clock, XIN 15 used and XOUT 1s opened
RESET lie) 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 fow.
VDD, V5S Power Supply + 5V, 0V (GND)
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TOSHIBA

TMP87C833/C33/H33

OPERATIONAL DESCRIPTION

1. CPU CORE FUNCTIONS

The CPU core consists of a CPU, a system clock controller, an interrupt controller, and a watchdog timer.
This section provides a description of the CPU core, the program memory (ROM), the data memory
{(RAM), and the reset circuit.

1.1  Memory Address Map
The TLCS-870 Series is capable of addressing 64K bytes of memory. Figure 1-1 shows the memory address
maps of the 87C833/C33/H33. In the TLCS-870 Series, the memory is organized 4 address spaces (ROM,
RAM, SFR, and DBR). It uses a memory mapped 1/O system, and all I/Q 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.

SFR [ 0000 [ gap tes 0000 [ g4 pytes 00001 [ g4 pytes
003F G03F 003F
0040 0040 0040
. 128 bytes : 128 bytes 128 bytes
Q0BF (0101131 S QOBF | -... -
RAM 00C0 00C0 00C0
. 896 bytes : 896 bytes 896 bytes
0.43F~ A 0.43':—;_ —~ 0~43F~ A
080 i GF80 0F80
DBR : 128 bytes 128 bytes : 128 bytes
QOFFF - - OFFF - - OFFF = <
4000 4000 | 4000
CHARACTER : :

ROM 128 bytes H 128 bytes i 128 bytes
4FFF 1~ - 4FFF 4FFF ! d
€000 PE L4 —

 See : E000 |
ROM Figure 1-2 See :
Figure 1-2  See
: Figure 1-2
FFFF FFFF FFFF
87CH33 87CC33 87C833
€000y
DO_ODH
16128 bytes : 12032 bytes £0004
: ; o | 7936 bytes
FFOO e amanas F.Foo . F.Foo ee e 4 eb saan s
: 192 bytes 192 bytes i | 192bytes
FFBF FFBF FFBF
FRCO | frep [ FRCO|
FEDF| 32 bytes rrop | 32 bytes fFDF| 32bytes
krEo| o et kR0 |
. 32 bytes F:FEO 32 bytes : 32 bytes
FFFF FFFF FFFF
87CH33 87CC33 87¢833

Register banks
(8 registers x 16 banks)

Note ROM; Read Only Memory includes.
Program memory
RAM , Random Access Memary includes.
Data memory
Stack
General-purpose register banks
SFR,  Speual Function Register
includes.
IO ports
Peripheral control registers
Peripheral status registers
System control registers
interrupt control registers
Program Status Word
DBR, Data Buffer Register includes-
On-Screen Display (O50)
Remote-control signal
preprocessor  status registers

] Vector table for vector cafl | gntry area for

instructions (16 vectors} page cail
Vector table for interrupts/ | instructions
reset (16 vectors)

Figure 1-1. Memory Address Map

mm 9097249 00272kl 873 -
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TOSHIBA TMP87C833/C33/H33

1.2 Program Memory (ROM)
The 87C833/C33/H33 has an 8K/12K/16Kbytes (addresses EQ00w/DO00R/CO00H-FFFFH) of program memory
{mask programmed ROM).
Addresses FFOO4-FFFFH in the program memory can also be used for special purposes.

(1) Interrupt/ Reset vectortable (addresses FFEQy-FFFFR)
This table consists of a reset vector and 15 interrupt vectors (2 bytes/vector). These vectors store a
reset start address and 15 interrupt service routine entry addresses.

(2) Vector table for vector call instructions (addresses FFCOQ-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 FFOOy-FFFFy) for page call instructions )
This is the subroutine entry address area for the page call instructions [CALLP n]. Addresses FFOOy-
FFBFy are narmally used because address FFCOy-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 counter (PC). There are relative jump
and absolute jump instructions. The concepts of page or bank boundaries are not used in the program

memory concerning any jump instruction.

Address ROM
Example. The relationship between the contents
jump instructions and the PC. {Egg§ |
@ 5-bit PC-relative jump [JRS cc, $+2 +d] i Example : ;’;fvzzt’;i;(‘;‘Mhigontents
E8CAH: JRS T, $+2+08H FF00 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 B
instruction being executed+2; | FF78 | . . . CALLP 7BH ; PCeFF7By
therefore, in this case, the PC contents | rrae
are E8CAH + 2 = E8CBR.) FFCO calivector(L) |56 CALLV OH ; PC«C856y
FFC1 | callvector () | 8
@ 8-bit PC-relative jump [IR ¢c, $+2 +d] FFC2
E8CAH: JR Z, $+2+80H .
When ZF = 1, the jump is made to E846y, :
which is FF80y (- 128) added to the | FFDF
current contents of the PC. FFEQ finterruptvector(L}| 68 INTS i PCe D368y
FFE1 [interrupt vector (H)| D3
@ 16-bit absolute jump [JP  al FFE2
E8C4H: JP 0C235H :
An unconditional jump is made to | FFFD
address €C235,. The absolute jump | FFFE | resetvector(l) |3E RESET i PCeCO3Ey
instruction can jump anywhere within | FFFF | _resetvector(H) jC0

th tire 64K-byte space.
e entire yiesp Figure 1-2. Program Memory Map

In the TLCS-870 Series, the same instruction used to access the data memory (e.g. [LD A, (HL)] ) is also used
to read out fixed data (ROM data) stored in the program memory. The register-offset PC-relative
addressing (PC + A) instructions can also be used, and the code conversion, table look-up and n-way
multiple jump processing can easily be programmed.
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TOSHIBA TMP87C833/C33/H33

Example 1 : Loadsthe ROM contents at the address specified by the HL register pair
contents into the accumulator (HL= C000,, for 87CH33):
LD A, (HL) ; A«ROM (HL)

Example2 : Converts BCD to 7-segment code (common anode LED). When A = 05y, 924 is
output to port P5 after executing the following program:

ADD A, TABLE~-$-4 ; P5&ROM (TABLE +A)
) {P5), (PC+A) -
JRS T, SNEXT ; Jumpto SNEXT f§$§b
TABLE: D8 OCOH, OF9H, 0A4H, 0BOH, 99H, 92H, 82H, OD8H, 80H, 98H e gc
SNEXT : Qv gh
Notes:  “$”1sa header address of ADD instruction. /——dx/
DB 1s a byte data difinition instruction. SHLC A
Example 3 : N-way multiple jump in accordance with the contents of - P PC+A)
accumulator (0 A< 3): _______g_; _______
SHLC A . if A=00y then PCeC234y 78
P (PC+A) if A=01y then PCC378y TG T
if A=02y then PCe-DA37y "““%75 ______
if A=03y then PC&E1B0y B0
DW 0C234H, 0C378H, 0DA37H, OE1BOH [T Bl ]
Note : DW is a word data defimition instruction. T ~———

1.3 Program Counter (PC)

The program counter (PC) is a 16-bit register which indicates the program memory address where the
instruction to be executed next is stored. After reset, the user defined reset vector stored in the vector
table (addresses FFFFy and FFFEy) is loaded into the PC ; therefore, program execution is possible from
any desired address. For example, when CO4 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.

MSB LSB
+ +
1514131211109 8 7 6 5 4 3 2 1 0 PC Contents 3 a X axt X ar2 X aLX:

Program Counter (PC) Instruction Execution X a-2 X a-1 X a x a+1
PC | PC,
(a) Configuration

(b) Timing chart of PC Contents and Instruction Execution

Figure 1-3. Program Counter

1.4 Data Memory (RAM)

The 87C833/C33/H33 has a 1K bytes (addresses 00401-043Fy) of data memory (static RAM). Figure 1-4
shows the data memory map.

Addresses 0000-00FFH are used as a direct addressing area to enhance instructions which utilize this
addressing mode; therefore, addresses 004014-00FFy in the data memory can also be used for user flags or
user counters. General-purpose register banks (8 registers x 16 banks) are also assigned to the 128 bytes
of addresses 00404-00BFH. Access as data memory is still possible even when being used for registers. For
example, when the contents of the data memory at address 0040y is read out, the contents of the
accumulator in the bank 0 are also read out. The stack can be located anywhere within the data memory
except the register bank area. The stack depth is limited only by the free data memory size. For more
details on the stack, see section "1.7 Stack and Stack Pointer”.

The TLCS-870 Series cannot execute programs placed in the data memory. When the program counter
indicates a data memory address, a bus error occurs and an address-trap-reset applies. The RESET pin
goes low during the address-trap-reset.
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TOSHIBA

TMP87C833/C33/H33

Example 1 If bit 2 at data memory address 00COy is “1", 00y is written to data memory at
address 00E3y; otherwise, FFy is written to the data memory at address 00E3y4:
TEST (00COH).2 . if (00CO) 2 = 0thenjump
JRS T,SZERO
CLR (OOE3H) ; {ODE3y) <00y
JRS T,SNEXT
SZERO : LD (OOE3H), OFFH ; (00E3,) «FFy
SNEXT :
Example 2 : Increments the contents of data memary at address 00F54, and clears to 00y when

10y is exceeded:
INC (00F5H)
AND

The data memory contents become unstable when the power supply is turned on; therefore, the data

(00FSH), OFH H

s (00F5y) &« (DOF5y) +1
(00F5) & (OOFS)AQFY

memory should be initialized by an initialization routine.

Note:
current bank addresses.

Example

Clears RAM to "004" except the bank 0:

The general-purpuse registers are mapped in the RAM ; therefore, do not clear RAM at the

LD HL, 0048H ; Setsstart address to HL register pair
LD A, H ; Setsinitial data (00y) to A register
tb BC, 03F7H ; Sets number of byte to BC register pair
SRAMCLR : LD {(HL+), A
DEC 8C
JRS F, SRAMCLR
Address 0 1 2 3 4 5 6 7 8 9 A B C D
0040y .Register bank 0, _Reglster bank1 |
0050 ‘Reglster bank 2 ) .Reglster bank 3
0060 i _Regnster bank 4 .Reglster bank 5 .
0070 _Reg_lster_bank 6 . ‘Reg_lster_bank 7 .
0080 . _Regnster bank 8 _Register bank 9
.o M : Direct addressing area
0090 . 'Reglster bank 10_ Reglster bank 1 1
00A0 .Reglster bank 12 . 'Reglster bank 13
0080 Register bank 14_ Reglster bank 15
00CO .
i P .
00D0
Q0EO
00F0
0100
0110 L
" 1
0430

Figure 1-4.

Data Memory Map

B 5097249 00272k4 582 WA
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TOSHIBA TMP87C833/C33/H33

1.5 General-purpose Register Banks
General-purpose registers are mapped into addresses 00404-00BFy 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 general-purpose register bank configuration.

bank 15 (00B8~00BFy)

bank 14 (00B0~00B7,,) E*a"V:/P’e : Ba:\k 0
bank 13 (00A8~00AF) :

bank 12 (00A0~00A7),) (00414} ; (0040y)

B ¢
{0043) - (0042y)

bank 4 (0060~0067)
bank 3 (0058~005F)

bank 2 (0050~0057,) :
bank 1 (0048~004Fy) (0047 (0046,,)

bank 0 (0040~0047y)
(a) Configuration (b) Address assignments of registers

Figure 1-5. General-purpose Register Banks

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

(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 resultinto E.
(2) HL,DE

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

Example1: @ LD A, (HL) ; Loads the memory contents at the address specified by HL into A.

@ LD A, (HL+52H) ; Loads the memory contents at the address specified by the value
obtained by adding 52, to HL contentsinto A.

<} LD A, (HL+O) ; Loads the memory contents at the address specified by the value
obtained by adding the register C contents to HL contents into A.

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

® LD A, {-HL) ; Decrements HL. Then loads the memory contents at the address

specified by new HLinto 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.

gg97249 0027265 419 WA 3-206



TOSHIBA TMP87C833/C33/H33

Example 2 : Block transfer

LD B, n-1 ; Sets (number of bytes to transfer) - 1 to B
LD HL, DSTA ; Setsdestination address to HL
LD DE, SRCA ; Sets source address to DE
SLOOP : LD (HL), (DE) ; {HL) «(DE)
INC HL ; HLeHL+1
INC DE ; DEe~DE+1
DEC B ; BeB-1
JRS F, SLOOP ; ifB 2 Othenloop

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

Cl.
Example 1 : Repeat processing
Lo 8, n ; Setsnas the number of repetitionstoB
SREPEAT : . PFOCESSIHQ (n + 1 times processing)
DEC B
JRS F, SREPEAT

Example 2 : Unsigned integer division (16-bit + 8-bit)
DIv WA, C ; Divides the WA contents by the C contents, places the
quotient 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 003Fy in the SFR as the program status word (PSW).
There are 3 instructions [LD RBS, n], [PUSH PSW] and [POP PSW] to access the PSW. The PSW can be also
operated by the memory access instruction.

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

Example2 : ReadingtheRBS
LD A, (003FR) i A& PSW (Az.q < RBS, A7_gFlags)

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

During interrupt, the PSW is automatically saved onto the stack. The bank used before the interrupt was
accepted 15 restored automatically by executing an interrupt return instruction [RETII/[RETN] ; therefore,
there is no need for the RBS save/restore software processing.

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

Example: Saving /restoring registers during interrupt task using bank changeover.
PINT1 : LD RBS, n ; RBS & n(Bank changeover)
. Inie.-rrupAt’processing
RETI ;. Maskable interrupt return (Bank restoring)
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TOSHIBA TMP87C833/C33/H33

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),
A], Fowever the flags can only be read. When writing to the PSW, the change specified by the instruction
is made without writing data to the flags. For example, when the instruction [LD (003FH), 05H] is
executed, “5” is written to the RBS and the JFisset 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)

. . . . 7 5 2 1 0
The register bank selector (RBS) is a 4-bit register used to select e s 3

general-purpose register banks. For example, when RBS=2, |IF ' ZF i CF:HF RBS

bank 2 is currently selected. During reset, the RBS isinitialized to ’

“0". Figure 1-6. PSW {Flags, RBS) Configuration
1.6.2 Flags

The flags are configured with the upper 4 bits : a zero flag, a carry flag, a half carry flag and a jump status
flag. The flags are set or cleared under conditions specified by the instruction. These flags except the
half carry flag are used as jump condition “cc” for conditional jump instructions [JR c¢, $ + 2 + d]J/[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 ZFisset to *1 " if the contents of the
specified bitis “0"; otherwise the ZF is cleared to "0".
This flag is set to “1” when the upper 8 bits of the product are 00y during the multiplication
instruction [MUL], and when 00y for the remainder during the division instruction [DIV]; otherwise it
is cleared to "0”.

(2) Carry flag (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 into the MSB of the result occurred during subtraction; otherwise the CF
is cleared to “0". During division, this flag is set to “1” when the divisor is 004 (divided by zero error),
or when the quotient is 100 or higher (quotient overflow error); otherwise it is cleared. The CF is
also affected during the shift/rotate instructions [SHLC, SHRC, ROLC, and RORC]. The data shifted
out from a register is set to the CF.
This flag is also a 1-bit register (a boolean accumulator) for the bit manipulation instructions.
Set/clear/complement are possible with the CF manipulation instructions.

Example1 : Bit manipulation

LD CF, (0007H).5 ; (00014);7 & (00074)5 % (009A4)o
XOR CF, (009AH). 0
LD (0001H) . 2, CF
Example2 : Arithmetic right shift
LD CF, A7 ; ACASl2
RORC A

(3) Half carry flag (HF)
The HF is set to “1” when a carry occurred between bits 3 and 4 of the operation result during an 8-
bit addition, or when a borrow occurred from bit 4 into bit 3 of the result during an 8-bit
subtraction; otherwise the HF is cleared to "0”. This flag is useful in the decimal adjustment for BCD
operations (adjustments using the [DAA 1], or [DAS r] instructions).
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Example: BCD operation
(The A becomes 47y after executing the following program when A = 19y, B = 28y)
ADD A, B ; Aedaty, HF e 1, CFe0
DAA A ; Ae41, + 06y = 47 (decimal-adjust)

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

Example : Jump status flag and conditional jump instruction

INC A

JRS T, SLABLE1 ; Jump when a carry 1s caused by the immediately
’ preceding operation instruction.

LD A, (HL)

JRS T, SLABLE2 ; JFisset to "1” by the immediately preceding

instruction, making it an unconditional jump
instruction.

Example :The accumulator and flags become as shown below after executing the following instructions
when the WA register pair, the HL register pair, the data memory at address 00C5y, the carry flag
and the half carry flag contents being “219A4", "00C51", “D71", “1" and “0", respectively.

Instruction Acc. after Flag.after .execution Instruction Acc. after Flag.after 'execution
execution { JF ' ZF . CF . HF execution | JF 1 ZF T CF ' HF

ADDC A, (HL) 72 1701 1 NG A 98 0io 1io0
SUBB A, (HL) Cc2 1 . 0 1.0 ROLC A 35 1 01 0
P A MY | 9A o 01 .0 RORC A o o;ogo;o
AND A, (HL) 92 0 0 1 0 ADD WA, 0F508H 16A2 1 0 1.0
D A (HD D7 1105120 MUL W, A 130A [0 010
ADD A, 66H 00 171 101 SET AS BA 1 1 1 0

1.7 Stack and Stack Pointer

1.7.1 Stack
The stack provides the area in which the return address or status, etc. are saved before a jump is
performed to the processing routine during the execution of a subroutine call instruction or the
acceptance of an interrupt. On asubroutine call instruction [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 PCy is popped first, followed by PCH and PSW).
The stack can be located anywhere within the data memory space except the register bank area,
therefore the stack depth is limited only by the free data memory size.
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1.7.2 Stack Pointer (SP)
The stack pointer (SP) is a 16-bit register containing the address s 'ss

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

151413121110 98 7 6543210

Stack Pointer (5P) I

the SP is pre-incremented when a return or a pop instruction is
executed. Figure 1-8 shows the stacking order.
The SP is not initialized hardware-wise but requires initialization by an initialize routine {sets the highest
stack address). [LD SP, mnl, [LD SP, gg] and [LD gg, SP] are the SP access instructions (mn ; 16-bit
immediate data, gg ; register pair).

Example 1 :To initialize the SP

Figure 1-7. Stack Pointer

LD SP, 043FH ; SPe043Fy
Example 2 : To read the SP

LD HL, SP ; HLeSP

At acceptance

At execution of
a CALUCALLV/CALLP
instruction

043C
043D o
043€
0a3F C e e

SP before
execution

SP after
execution

of interrupt
or
at execution of
aSWiinstruction

At execution of
a RET instruction

043C

043D
043E
043F

043F

(a) Stacking order

At execution of

043C
043D

043E

a RETI/RETN
instruction
043F | | PSW - 00404
: stack
depth
043C :
+ 043F ﬁ

(b) Stack depth

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

Figure 1-8. Stack

Clock
generator

"H_J.—D"”

*”—EUTD‘*—

High-frequency
clock oscillator

Timing generator control register

TBTCR
: 0036w J L,
- fc

Timing

generator

Stand-by controiler

REE

System clocks

Clock generator control

0038y, 0039y
[ syscri ] [ svscr2

System control registers

Figure 1-9. System Clock Controller
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1.8.1 Clock Generator
The clock generator generates the basic dock which provides the system clocks supplied to the CPU core
and peripheral hardware. it contains a oscillation circuit for the high-frequency clock.
The high-frequency (fc) clock can be easily obtained by connecting a resonator between the XIN/XOUT
pins, respectively. Clock input from an external oscillator is also possible. In this case, external clock is
applied to the XIN pin with the XOUT pin not connected. The 87C833/C33/H33 is not provided an RC

oscillation.
pommmTm s High-frequency ¢logk -==========-=-= 1
1 ]
1 )
) XouT xour '
H H
t 1
i (open) i
i i
1 1
1 1
1 1
1 1
1 1
] 1
1 1
1 1
: |
! (a) Crystal/Ceramic (b) External oscillator |
i_ resonator J:

Figure 1-10. Examples of Resonator Connection

Note:  Accurate Adjustment of the Oscillation Frequency:
Although no hardware to externally and directly monitar the basic clock pulse is not provided,
the oscillation frequency can be adjusted by providing a program to output fixed frequency
pulses to the port while disabling all interrupts and monitoring this pulse. With a system
requiring adjustment of the oscillation frequency, the adjusting program must be created
beforehand.

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 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, shown in Figure 1-11 as follows. During reset and upon
releasing STOP mode, the divider is cleared to “0", however, the prescaler is not cleared.
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. fm . machine cycles
| main system clock generator machine cycie counters states
prescaler divider divider
High-frequen
clogck quency, fc 1214 12|z a5 |6 7|8 [9r0|11]12[13]14|15|16]17[18[19|20]21
Reset circuit
,_,) Stand-by
controller
B
Timer/ L >
Counters Watchdog
Timer
e
]
Time Base
Timer

Figure 1-11. Configuration of Timing Generator

(2) Machine Cycle
Instruction execution and peripherals operation are synchronized with the main system clock. The
minimum instruction execution unit is called an “machine cycle”. There are a total of 10 different
types of instructions for the TLCS-870 Series: ranging from 1-cycle instructions which require one
machine cycle for execution to 10-cycle instructions which require 10 machine cycles for execution.
A machine cycle consists of 4 states (S0 - $3), and each state consists of one main system clock.

, 1/fc [s}
re———>

wnspencees | LML L

1
53 so | st | s2 | s3 |

:<———Machine cycle-—-——ﬁ
(0545 atfc=  8MHz)

52

1
]
state | 50 | st
)
)

Figure 1-12. Machine Cycle

1.8.3 Stand-by Controller
The stand-by controller starts and stops the oscillation circuit for the high-frequency clock. Operating
modes are controlled by the system control registers (SYSCR1, SYSCR2).
Figure 1-13 shows the operating mode transition diagram and Figure 1-14 shows the system control
registers. Either the single-clock or the dual-clock mode can be selected by an option during reset.

(1) Operating mode

® NORMAL mode
in this mode, both the CPU core and on-chip peripherals operate.
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@ IDLE mode

in this mode, the internal oscillation circuit remains active. The CPU and the watchdog timer
are halted; however, on-chip peripherals remain active. IDLE mode is started by setting IDLE
bit in the system control register 2 (SYSCR2}, and IDLE mode is released to NORMAL 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 next instruction which follows IDLE mode start instruction.

® STOP mode

In this mode, the internal oscillation circuit is turned off, causing all system operations to be
halted. The internal status immediately prior to the halt is held with the lowest power
consumption during this mode. The output status of all output ports can be set to either
output hold or high-impedance under software control.

STOP mode is started by setting STOP bit in the system control register 1 (SYSCR1), and STOP
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.

RESET
reset release
software software
IDLE 22 | orMAL | STOP
mode mode mode
Interrupt STOP pin input
. Frequency On-chip Machine cycle
Qperating mode CPU core i .
High-frequency Peripherals time
RESET reset reset
NORMAL turming on oscillation .operate 4fc[s)
operate
IDLE
halt

STOP turning off oscillation halt -

Figure 1-13. Operating Mode Transition Diagram
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System Control Register 1

7 4 3 2 1 0
SYSCR1 Meraeae snadeasas
(0038,) [ stop [ rewm [ remm Jouten] — wur (initial value: 0000 00*)
0 : CPU core and peripherals remain active
STOP | STOP mode start 1 : CPU core and peripherals are halted
(start STOP mode)
RELM Release method 0 : Edge-sensitive release
for STOP mode 1: Level-sensitive release
Operating mode 0 : Return to NORMAL mode
RETM RW
after STOP mode 1 : Reserved
OUTEN Port output control 0 : High-impedance
during STOP mode 1 : Remain unchanged
. . 00: 3x2%/fc [s]
WUT Warming-up time at 01+ 29/

leasing STOP mod
releasing ode 1% . Reserved

Note1:  Alwaysset RETM to “0” when transiting from NORMAL mode to STOP made.

Note2: If87C833/C33/H33 s moved to STOP mode while OUTEN = “07, internal inputs fix “0”. Then
there is a possibility to set interrupt of falling edge.

Note3:  Bits 1and 0in SYSCR1 are read in as undefined data when a read instruction is executed.

Note4: fc ; high-frequency clock [Hz]
* ; don't care

Note5:  87C833/C33/H33 returns to NORMAL mode without value of RETM, when STOP mode is retuned
by input of RESET pin.

System Control Register 2

- 3. LI
?OYOSZ-}CQ:Z) P : (Initial value: 1000 #xxx)
0 : CPU and watchdog timer remain active
IDLE IDLE mod rt RIW
mode sta 1 : CPU and watchdog timer are stopped (start IDLE mode)

Note1: A resetisapplied (RESET pin output goes low) if both bit 7 and bit 6 1n SYSCR2 are cleared to “0”.
Note2: Do notclearbit 7in SYSCR2 to “0”, and do not set bits 8-5SYSCR2to “1”.

Note3: *;don'tcare

Noted: Bits3-0inSYSCR2 are always read in as "1 when a read instruction is executed.

Figure 1-14. System Control Registers
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1.8.4 Operating Mode Control

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

@ Oscillation is turned off, and all internal operations are halted.

@ The data memory, registers and port output latches are alt 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 4in SYSCR1).

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

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

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

a. Level-sensitive release mode (RELM = 1)
In this mode, STOP mode is released by setting the STOP pin high. This mode is used for
capacitor back-up when the main power supply is cut off and for long term battery back-up.
When the STOP pin input is high, executing an instruction which starts the STOP mode will not
place in 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 inputis low. The following one method can be used for confirmation:
¢ Using an external interrupt input INT5 (INT5 is a falling edge-sensitive input).

Example : Starting STOP mode with an INT5 interrupt.

PINT5 : TEST P2).0 ; Toreject noise, STOP mode does not start if
JRS F, SINTS port P20 is at high
LD (SYSCR1), 010100008 ; Setsup the level-sensitive release mode.
SET {SYSCR1).7 , Starts STOP mode
Low (iL) 1110011101010111B ; iL12,11,7,5, 3 « 0 (clears interrupt latchs)
SINTS : RETI
[}
STOP pin \ I %V'H \
: — :
{¢ )
xouren AN i S
1
1 1 1
operation — operation —™< Warmup < gperation
Confirm by program that the \— STOP mode is released by the hardware.
STOP pininput is low and Always released if the STOP
start STOP mode. (pm input s high >

Figure 1-15. Level-sensitive Release Mode

Notel: After warming up is started, when STOP pin input 1s changed “L" level, STOP mode 15 not placed.
Note2: When changing to the level-sensitive release mode from the edge-sensitive release mode, the release mode

15 not switched until a rising edge of the STOP pin input is detected.
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b. Edge-sensitive release mode (RELM =0}
In this mode, STOP mode is released by a rising edge of the STOP pin input. This is used in
applications where a relatively short program is executed repeatedly at periodic intervals. This
periodic signal {for example, a clock from a low-power consumption oscillator) is input to the
STOP pin.
In the edge-sensitive release mode, STOP mode is started even when the STOP pin input is high.

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

LD {SYSCR1),000000008 H OUTENe( (specifies high-impedance)

DI ; IMFe-0 (disables interrupt service)

SET {SYSCR1).STOP ; STOP«1 (activates stop mode)

LDW (IL),1110011101010111B ; 1L12,11,7,5,30 (clears interrupt latches)
El ; IMF«1 (enables interrupt service)

: £
—_— i Vi \ \
STOP pin ! {4
i
fa

{( |
red
XOuT pin v
)
NORMAL STOP : H ' STOP
—be—— 5 — - »le———— ————— : —_—
operation operation Warm-up >} NORMAL ' operation
/ operation
STOP mode started
by the program.

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

Figure 1-16. Edge-sensitive Release Mode

STOP mode is released by the following sequence:

@ The high-frequency clock oscillator is turned on.

® A warming-up period is inserted to allow oscillation time to stabilize. During warm-up, all
internal operations remain halted. Two different warming-up times can be selected with
WUT ( bits 2 and 3in 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".

WUt At fc=4.194304MHz At fc=8MHz
3x2"/f¢ [s] 375 [ms] 196.6 [ms]
219/f¢ 125 65.5

Table 1-1. Warming-up Time example

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

STOP mode can also be released by setting the RESET pin low, which immediately performs the
normal reset operation.
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Note: When STOP mode is released with a low hold voltage, the following cautions must be

observed.

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

input).

(2) IDLE mode
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 . IDLEe1

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 to NORMAL mode.

a. Normal release mode (IMF = “0”)

IDLE mode is released by any interrupt source
enabled by the individual interrupt enable flag
(EF). Execution resumes with the instruction
following the IDLE mode start instruction (e.g.
[SET (SYSCR2).4]). Normally, IL (Interrupt Latch)
of interrupt source to release IDEL mode must be
cleared by load instructions.

b. Interrupt release mode (IMF = “1")

Starting IDLE mode
by instruction

I CPU, WDT are halted ‘

[
Resetinput

No (high)

Reset

Normal ) Yes
release mode

Interrupt request

No

Yes (Interrupt release mode)

| Interrupt processing

_______,l

Execution of the
instruction which follows
the IDLE mode start
instruction

<

Figure 1-18. IDLE Mode

IDLE mode is released and interrupt processing is started by any interrupt source enabled with
the individual interrupt enable flag (EF). After the interrupt is processed, the execution resumes
from the instruction following the instruction which started IDLE mode.

IDLE mode can also be released by setting the RESET pin low, which immediately performs the reset
operation. After reset, the 87C833/C33/H33 are placed in NORMAL mode.

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

started.
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1.9 Interrupt Controller
The 87C833/C33/H33 has a total of 14 interrupt sources: 5 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.
Interrupt latches {IL) that hold the interrupt requests are provided for interrupt sources. Each interrupt
vector is independent.
The interrupt latch is set to “1" when an interrupt request is generated and requests the CPU to accept
the interrupt. The acceptance of maskable interrupts can be selectively enabled and disabled by the
program using the interrupt master enable flag (IMF) and the individual interrupt enable flags (EF).
When two or more interrupts are generated simultaneously, the interrupt is accepted in the highest
priority order as determined by the hardware. Figure 1-20 shows the interrupt controller.

Interrupt Source Enable Condition Int::':hpt Ve;t;;r;:f le Priority

E’;ttee";?,g'{ (Reset) Non-Maskable — FFFEy High 0
Internal | INTSW  (Software interrupt) pseudo — FFFCH 1
Internal | INTWDT (Watchdog Timer interrupt) non-maskable ILy FFEAY 2
External |[INTO (External interrupt 0) IMF=1,INTOEN =1 I3 FFF8y 3
Internal [INTTC1  (16-bit TC1interrupt) IMF - Efg =1 1Ly FFF6y 4
Internal [INTOSD (OSD interrupt) IMF « EF5 =1 ILg FFFay 5
Internal | INTTBT  (Time Base Timer interrupt) IMF + EFg=1 ILg FFF2y 6
External [INT2 (External interrupt 2) IMF - EFy = 1 Iy FFFOy 7
Internal | INTTC3  (8-bit TC3 interrupt) IMF - EFg=1 ILg FFEEy 8
Internal | INTSBI  (Serial bus Interface interrupt) IMF-EFg =1 Iy FFECH 9
Internal | INTTC4  (8-bit TC4 interrupt) IMF - EFqg=1 IL1o FFEAYL 10
External |[INT3 (External interrupt 3) IMF-EFy1 =1 L1 FFE8K 11
External |INT4 {External interrupt 4) IMF-EF12=1 iz FFE6n 12

reserved IMF - EFy3=1 iL13 FFEdy 13
Internal [INTTC2  (16-bit TC2 interrupt) IMF - EFyg=1 iLia FFE2y 14
External }INTS (External interrupt 5) IMF - EFy5=1 iLys FFEO Low 15

Table 1-2. Interrupt Sources
(1) interruptLatches (IL 15~2)

Interrupt latches are provided for each source, except for a software interrupt. The latch issetto “1"
when an interrupt request is generated, and requests the CPU to accept the interrupt. The latch is
cleared to 0" just after the interrupt is accepted. All interrupt latches are initialized to "0” during
reset.
The interrupt latches are assigned to addresses 003Cy and 003Dy in the SFR. Each latch can be
cleared to “0" individually by an instruction; however, the read-modify-write instruction such as bit
manipulation or operation instructions cannot be used (Do not clear the IL2 for a watch dog timer
interrupt to “0"). Thus, interrupt requests can be cancelled and initialized by the program. Note
that interrupt latches cannot be setto “1” by any instruction.
The contents of interrupt latches can be read out by an instruction. Therefore, testing interrupt
requests by software is possible.

Example 1: Clearsinterrupt latches
LDW {IL), 1110101010111111B s iLy2, 1Ly, ILg, ILge0
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Example 2 : Reads interrupt latches
LD WA, (IL) s Welly, Al

Example 3: Tests an interrupt latch
TEST (ILH).4 ; iflly2=1then 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 003BH in the SFR, and can be read and written
by an instruction (including read-modify-write instructions such as bit manipulation instructions).

@ Interrupt Master enable Flag (IMF)
The interrupt master enable flag (IMF) enables and disables the acceptance of all interrupts,
except for pseudo non-maskable interrupts. Clearing this flag to "0” disables the
acceptance of all maskable interrupts. Setting to “1” enables the acceptance of interrupts.
When an interrupt is accepted, this flag is cleared to “0" to temporarily disable the
acceptance of maskable interrupts. After execution of the interrupt service program, this
flag is set to ”1" by the maskable interrupt return instruction [RETI] to again enable the
acceptance of interrupts. If an interrupt request has already been occurred, interrupt
service starts immediately after execution of the [RETI] instruction.
Pseudo non-maskable interrupts are returned by the [RETN] instruction. In this case, the IMF
is set to “1" only when pseudo non-maskable interrupt service is started with interrupt
acceptance enabled (IMF = 1). Note that the IMF remains “0” when cleared by the interrupt
service program.
The IMF is assigned to bit 0 at address 003Ay in the SFR, and can be read and written by an
instruction. The IMF is normally set and cleared by the [El] and [D1] instructions, and the IMF
isinitialized to “0” during reset.

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

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

Low (EIR), 1110100000000001B ;  EFy5~EFy3, EFyy, IMFe1
Example 2 :Sets an individual interrupt enable flag to "1".
SET (EIRH).4 i EFpped

N 15 14 13 12 11 _10 9 8 7 6 5 4 3 2 1 0
(003C, 603Dy,) (s s Iz "y gy Jge Mle ;g | I g ks Iy Mz 1 |

1Ly (003Dy) 1L (003Cpy)
(Initiat Value : 00000000 000000+ *)

(003A 0038, |EF1s EF1g EF;3 (EFyy EFyy EFig EFg EFg | EFj [ EFg EFs - ERa ] o - [IMF
N

EIRy (003By) EIR_ (003A4)
(Initial Value : 00000000 0000***0)

Note1 : Do not use any read-modify-write instruction such as bit mampulation for deanng IL.
Note2 : Do not clear the iL2 by an instruction.
Note3 : Do not set IMF to “1”during non-maskable interrupt service programs.

Figure 1-21. Interrupt Latch (IL) and Interrupt Enable Register (EIR)

3222
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1.9.1 Interrupt Sequence
An interrupt request is held until the interrupt is accepted or the interrupt latch is cleared to “0" by a
reset or an instruction. Interrupt acceptance sequence requires 8 machine cycles (4 s at fc=8MHz 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 interruptlatch (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.

Interrupt service task

I Y S R TR (R B T

1 machine cycie

interrupt
signal

Interrupt
latch

IMF

7]
: \
1 {. N
Ien:et?dﬁé?‘" x Prosiicd X Interrupt acceptance X:’;m{m" %\ X RETlinstruction execution X
i )
g = X : RO X

; n ) S——

Note 2
e

1
1
]
|
]
)
]
i
t
|
[
1
1
1

NoteT : a, return address, b entry address, ¢ ; address when the RET! instruction ts stored
Note2 : The maximum response time from when an ILis set until an interrupt acceptance processing starts is
2/fm to 38/fm [s].

Figure 1-22. Timing Chart of Interrupt Acceptance and Interrupt Return Instruction

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

Vector table address Entry address
D203y OFy
D204 06y

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.

FFF2y
FFF3y

3-223
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(2) Saving/Restoring General-purpose Register
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 memory area for saving registers.
The following method is used to save/restore the general-purpose registers:

@ General-purpose register save/restore by register bank changeover:
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, it is not necessary for a program to save the RBS.

Example : Register Bank Changeover

PINTxx : LD RBS, n ; Switches to bank n (145 at 8MHz)
' Interrupt processing -
RETI ; Restores bank and Returns
main task main task
acceptance of jnterrupt acceptance of interrupt
bankm | interrupt service task interrupt service task
Switch to bank by \ \ saving
[LD RBS, n] or \ registers
time [INC(GRBS) ] N
instruction

restoring
registers

‘ terTut rety Restore bank |
m Iinterrupt return sutomatially by \ \\\
[RETI}/ [RETN]
instruction T &s
interrupt return

(a) Saving/Restoring by register bank changeover (b) Saving/Restoring using push/pop or data transfer instructions

Figure 1-23. 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.

3-224
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Example : Register save using push and pop instructions

PINTxx : PUSH WA ; Save WA register pair
PUSH ~ HL ; Save HLregister pair
Interrupt pro_ces§ing_ N
POP HL ; Restore HL register pair
POP WA ; Restore WA register pair
RETI ; Return
o o .. ... ..|Address{example)
5P — . . . . . FN 0438H
L 0439
. H . I N TSP PP, 043A
..A.. PR PR s s 0435
£ ol I W joa3c
LS PC, 043D
LR Pl oo e | O43E
LA L il N 043F

At acceptance At execution At execution At execution of an
of aninterrupt = ofa push = ofs pop = interrupt return
instruction instruction instruction

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

Example: Saving/restoring a register using data transfer instructions

PINTxx : LD . . (GSAVA),A ; Save Aregister
..intefrupg processing .
LD A (GSAVA) ; Restore A register
RETI ; Return

(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. @ Thestack pointer is incremented 3 times

@ The interrupt master enabie flag is set to *1”. @ The interrupt master enabie flag is set to "1”

only when a non-maskable interrupt is
accepted in interrupt enable status However,
the interrupt master enable flag remains at "0”
when so clear by an interrupt service program

Interrupt requests are sampled during the final cycle of the instruction being executed. Thus, the next
interrupt can be accepted immed ately after the interrupt return instruction i1s 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.

3-225
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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 interrupt is
already underway, executing the SWl 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 SWl instruction will generate a software interrupt as a software brake.
Use the [SWI] instruction only for detection of the address error or for debugging.

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

Note : The fetch data from addresses 7F80p to 7FFFy (test ROM area) is not “FFy”.

@ Debugging
Debugging efficiency can be increased by placing the SWl instruction at the software break
pointsetting address.

1.9.3 External Interrup
The 87C833/C33/H33 have five external interrupt inputs (INTO, INT2, INT3, INT4, and INT5). Three of these
are equipped with digital noise reject circuits (pulse inputs of less than a certain time are eliminated as
noise). Edge selection is also possible with INT2, INT3 and INT4.
The TNTO/P50 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 reject control and TNTO/P50 pin function selection are performed by the external
interrupt control register (EINTCR). When INTOEN =0, the IL3 will not be set even if the falling edge of
INTO pin inputis detected.
Edge selection and noise rejection control for INT3 pin input are performed by the Remote control signal
processor control registers (refer to the selection of the Remote control signal processer.)

Source Pin faﬁiﬁ% Enable conditions Edge Digital noise reject
INTO INTO P50/PWM8 | IMF=1, INTOEN =1 falling edge — (hysteresis input)
INT2 INT2 P53/TC1 IMF + EF7 =1 falling edge | Pulses of less than 7/fc [s] are
INT3 INT3 P30/RX1N IMF « EFy1=1 or eliminated as noise. Pulses of 24/fc [s]
INT4 INT4 P36/SO IMF - EF15=1 rising edge | or more are considered to be signals.
INTS INTS P20/STOP IMF - EFig=1 falling edge — (hysteresis input)

Note 1. The noise reject function is also affected for timer/counter input (TC1 and TC3 pins).
Note2: The pulse width (both "H” and "L" evel) for input to the INTO and INTS pins must be over 1 machine cycle.

INTO/INTS input I I I tinTL tinTH > teye  (Note : tcyc = 4/fm [s])

tinTe : tinTH

Note 3: 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 1s set 15 as follows :

® INT1 pin a9/fc [s] (INTINC=1), 193/fc {s] (INTINC=0)
@ INT2, INT4 pins 25/f¢ [s]

Table 1-3. External Interrupts
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nrcg . L. 85 4 3 2 1 0
(0037 . LMK (WA W] " 7 gnitialvalue:  +0%0 000%)

0 : P50 input/output port

INTOEN | PSO/INTO pin confi ti o
pin configuration 1 : INTO pin (Port PS0 should be set to an input mode)

write
INT4ES INT4, INT2 edge select 0 : Rising edge only
INT2 ES 1: Falling edge
Notel: =+ . don't care

Note2 - Do not change EINTCR when IMF = 1. After changing EINTCR, interrupt latches of external interrupt
inputs must be cleared to "0 using load instruction.

Note3:  Inorderto change of external interrupt input by rewnting the contents of INT2ES and INT4ES during
NORMAL mode, clear interrupt latches of external interrupt inputs (INT2 and INT4) after 8 machine
cycles from the time of rewriting.

Noted:  Inorderto change an edge of timer counter input by rewriting the contents of INT2ES and INT4ES
during NORMAL mode, rewrite the contents after timer counter is stopped (TC*s = 0), that s,
interrupt disable state. Then, clear interrupt laches of external interrupt inputs (INT2 and INT4} after
8 machine cycles from the time of rewriting to change to interrupt enable state. Finally, start timer

counter.
Example : When changing TC1 pin inputs edge in external trigger timer mode from rising edge to falling edge.
LD (TC1CR),010010008 ; TC1S « 00 (stops TC1)
DI . IMF «0(disables interrupt service)
LD (EINTCR),00000100B ; INT2ES « 1 (change edge selection)
— T  rorp
8 machine ~
cycles NOP
LD (ILL),01X11111B ; IL7 «0{clearsinterrupt latch)
EI . IMF «1{enables interrupt service)
LD (TCICR),01111000B ; TCLS e 11 (starts TC1)

Note5:  Ifchanging the contents of INT1ES during NORMAL mode, interrupt latch of external interrupt input
INT1 must be cleared after 14 machine cycles (when INTINC = 1) or 50 machine cycles (when
INTTNC = 0) from the time of changing.

Note6:  EINTCRis write-only register and must not be used with any of read-modify-write instructions.

Note7:  Alwayswrite “0” ta bitZ, 5, 1, 0 1n EINTCR.

Note8:  When high-impedance is specified for port output in stop mode, port input 1s forably fixed to low
level internally. Thus, interrupt latches of external interrupt inputs except P20 (INTS/STOP) which are
also used as ports may be set to "1°. To specify high-impedance for port outputn stop mode, first
disable interrupt service (IMF =0}, activate stop mode. After releasing stop mode, clear interrupt
latches using load instruction, then, enable interrupt service.

Example : Activating stop mode (C833/C33/H33):

LD {SYSCR1),010000008B ;  OUTEN « 0 (specifies high-impedance)

DI ;  IMF e 0 (disablesinterrupt service)

SET  (SYSCR1).STOP . STOP « 1 {activates stop mode)

LDW (IL),1110011101010111B , IL12,11,7,5,3 « 0 (clearsinterruptlatches)
EI ; IMF e 1 {enables interrupt service)

Figure 1-24. External interrupt Control Register

1.10 Watchdog Timer (WDT)
The watchdog timer rapidly detects the CPU malfunction such as endless looping caused by noise or the
like, and resumes the CPU to the normal state.
The watchdog timer signal for detecting malfunction can be selected either as a reset output or a non-
maskable interrupt request. However, selection is possible anly once after reset. At first, the reset
outputisselected.
When the watchdog timer is not being used for malfunction detection, 1t can be used as a timer to
generate an interrupt at fixed intervals.
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1.10.1 Watchdog Timer Configuration

MPX reset release signal from T.G.

fof28 —
fes 22t —>
fer2® — >
fof2v T

Binary Counters
C|°Ck overflow R reset

_L)ﬂoutput output
dear | ' | ? s aoH{>—Oreer
) interru Et reguest INTWDT

(=]

N
w,l,en=>
" < l

internal reset enable
S
WDTEN, ﬁ
writing writing clear WDTOUT
WOTT disable code |code

Controller

0034y 00354

[ worcri | | worcrz |

Watchdog Timer Control Registers

Figure 1-25. Watchdog Timer Configuration

1.10.2 Watchdog Timer Control
Figure 1-26 shows the watchdog timer control registers (WDTCR1, WDTCR2). The watchdog timeris

automatically enabled after reset.

(1) Malfunction detection methods using the watchdog timer

The CPU malfunction is detected as follows:

® Setting the detection time, selecting output, and clearing the binary counter.

@ Repeatedly clearing the binary counter within the setting detection time.
If a CPU malfunction occurs for any cause, the watchdog timer output will become active on the rise
of an overflow from the binary counters unless the binary counters are cleared. At this time, when
WDTOUT =1 a reset is generated, which drives the RESET pin low to reset the internal hardware and
the external circuits. When WDTOUT =0, a watchdog timer interrupt (INTWDT) is generated.
The watchdog timer temporarily stops counting in STOP mode (including warm-up) or IDLE mode,
and automatically restarts (continues counting) when STOP/IDLE mode is released.

Example : Setsthe watchdog timer detection time to 22¥/fc [s] and resets the CPU malfunction.

LD (WDTCR2), 4EH ; Clears the binary counters

LD (WDTCR1), 00001101B  ; WDTT&10, WDTOUTe-1

LD (WDTCR2), 4EH ; Clears the binary counters
WithinWDT (always clear immediately after changing WDTT)
detection time

LD {WDTCR2), 4EH ; Clears the binary counters

Within wDT
detection time

LD (WDTCR2), 4EH Clears the binary counters
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Watchdog Timer Control Register 1

worcrt 2 T €54 3 2 1 o
(00344,) . : . V‘éﬁT wOTT ‘6"811 (Initial value : ***x 1001)
WDTEN Watchdog timer 0 : Dusable (it is necessary to write the disabie code to WDTCR2)
enable/disable 1 : Enable
00:2%/fc [s] (4.194s atfc=8MHz) )
WOTT Watchdog timer 01:22/4c (1.048s  atfc=8MHz) write
detection time 10: 22/ f¢ {262.1ms at fc = 8MHz) only
11:2%/fc (655 ms at fc = BMHz)
WDTOUT Watchdog timer 0 : Interrupt request
output select 1 : Reset output

Note 1 +  WDTOUT cannot be set to “1” by program after clearing WDTOUT to "0"
Note2 : fc ; High-frequencyclock[Hz] *, don’t care
Note3 :  WDTCR1 is a write-onry-requister and must not be used with any of read-modify-write instructions

Watchdog Timer Control Register 2

7 6 5 4 3 2 1 0
WDTCR2 - .
(0035,) | . . | (Initial value : **xx xxxw)
4E, 1 Watchdog timer binary counter clear (clear code) i
Watchdog timer control |1 ! ! write
WDTCR2 code writegreg|ster ° B1ly : Watchdog timer disable (disabie code) only
others : Invalid

Note 1 : The disable code i1s invalid unless written when WDTEN =0.
Note2 - *; don’tcare

Figure 1-26. Watchdog Timer Control Registers

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

Example : Enables watchdog timer
LD (WDTCR1), 000010008 ; WDTENe1

(3) Watchdog Timer Disable
The watchdog timer is disabled by writing the disable code (B1y) to WDTCR2 after clearing WDTEN
{bit 3 in WDTCR1) to “0". The watchdog timer is not disabled if this procedure is reversed and the
disable code is written to WDTCR2 before WDTEN is cleared to “0”. The watchdog timer is halted
temporarily in STOP mode (including warm-up) and IDLE mode, and restarts automaticallyafter STOP
or IDLE mode is released.
During disabling the watchdog timer, the binary counters are cleared to "0".

Exampie : Disables watchdog timer
LDW (WDTCR1), 0B101H ; WDTENe«-0, WDTCR2¢disable code

1.10.3 Watchdog Timer Interrupt (INTWDT)
This is a pseudo non-maskable interrupt which can be accepted regardless of the contents of the EIR. Ifa
watchdog timer interrupt or a software interrupt is already accepted, however, the new watchdog timer
interrupt waits until the previous 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.
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Example : Watchdog timer interrupt setting up.
LD SP, 043FH ; Sets the stack pointer
Lo {(WDTCR1), 00001000B ; WDTOUT«0

1.10.4 Watchdog Timer Reset
If the watchdog timer output becomes active, a reset is generated, which drives the RESET pin (sink open
drain output) low to reset the internal hardware and the external circuits. The reset output time is 220/fc
[s] (131ms at fc = 8MHz)

2"%fc Is}

2"/fe

Clock L L LT L1 W=
Binary counter IX 2 XEX 0 X 1 X 2 X 3 X 0

Overflow
INTWDT interrupt _ fl
WDT reset output T (Hi-2) l("L" autput)

writes 4E to WDTCR2

Figure 1-27. Watchdog Timer Interrupt/Reset

1.11 Reset Circuit
The TLCS-870 Series has four types of reset generation procedures: an external reset input, an address-
trap-reset, a watchdog timer reset and a system-clock-reset. Table 1-4 shows on-chip hardware
initialization by reset action. The internal source reset circuit (watchdog timer reset, address trap reset,
and system clock reset) is not initialized when power is turned on. Thus, output from the RESET pin may
go low (220/fc [s] (131ms at 8BMHz) when power is turned on.

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

Refer to /O port
circuitry

Refer to each of
control register

Interrupt master enable flag (IMF) Output latches of VO ports

Interrupt individual enable flags  (EF)

o o o

Control registers

Interrupt latches (18]

Table 1-4. Initializing Internal Status by Reset Action
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1.11.1  External Reset Input
When the RESET pin is held at low for at least 3
machine cycles (12/fc [s]) with the power supply voitage

within the operating voltage range and oscillation Voo vDD
stable, a reset is applied and the internal state is ry E typ. 220kQ
initialized. RESET

When the RESET pin input goes high, the reset
operation is released and the program execution starts
at the vector address stored at addresses FFFEy - FFFFH.
The RESET pin contains a Schmitt trigger (hysteresis) Figure 1-28. Simple Power-on-
with an internal pull-up resistor. A simple power-on- Reset Circuitry
reset can be applied by connecting an external

capacitor and a diode.

1.11.2 Address-Trap-Reset
if a CPU malfunction occurs and an attempt is made to fetch an instruction form the RAM or the SFR area
(addresses 0000y - 043Fy), and address-trap-reset will be generated. Then, the RESET pin output will go
low. The reset time is 220/fc [s] (13 1ms at fc = 8MHz).

Instruction P a (reset release Xmstructlon ataddress
execution . ; 1
e Address-trap is occurred b .
RESET output (“L" output) ¢ [z i
H ) i ‘ )
1) ] 1} 1
¥ [ ' )
. H : 1
: 229fc [s] V2t 2%
to
2fc
Note 1: 0= a=043Fy
Note 2: During reset release, a reset vector “r” 1s read out, and an instruction at address r is fetched and decoded,

Figure 1-29. Address-Trap-Reset

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

1.11.4 System-Clock-Reset
Clearing both bits 7 and 6 in SYSCR2 to “0" stops high-frequency oscillation, and causes the MCU to
deadlock. This can be prevented by automatically generating a reset signal whenever (bit7 in
SYSCR2) = (bit6 in SYSCR2) =0 is detected to continue the oscillation. Then, the RESET pin output goes
tow from high-impedance. The reset time is 220/fc [s] (131ms at fc = 8MHz). .
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2. ON-CHIP PERIPHERALS FUNCTIONS

2.1

Special Function Registers (SFR) and Data Buffer Registers (DBR)

The TLCS-870 Series uses the memory mapped I/O system and all peripherals controf and data transfers
are performed through the special function registers (SFR) and data buffer registers (DBR).

The SFR are mapped to addresses 0000y — 003Fy, and the DBR to addresses 0F80y — OFFF.

Figure 2-1 shows the list of the 87C833/C33/H33 SFRs and DBRs.

Iaddress Read Write Address Read
0000x( . .. .. veserved . 0020y s e | SEICRY (s
o1 reserved 21 SBIDBR {581 data bu
02 22 | ... .
03 23 |SBISR(SBistatus)
04 24
05 25
06 26
07 (P7Port 27
08 Lodeseved 28
09 Lreserved 29
0A 2A i e nteseved e e
V] 2B
oc 2C
oD 2D
OE 2E
OF 2F reserved
10 30 | reserved
" 31 reserved
12 32 Jreserved
13 33 reserved
14 34
15 35
16 36
17 37
:g :;g {System control)* **
:: g: {Interrupt enable register) -
: g gg (Interrupt latch)*
1€ BE s o TeSEIVE
1F 3F | PSW (Program Status word) _ |RB$ {Register bank selector)
(a) Special Function Registers
Address Read Write
OF80y -
al e .l, Note1 : Do not access reserved areas by the
90 I program.
~ Note2 : ~ : Cannotbe accessed.
a4 | 03D control registers " Note3 : When defining address 003Fy with
95 assembler symbols, use GPSW and GRBS.
96 Noted4 : Write-only registers and interrupt
9B L = €L 2 latches cannot use the read-modify-
oFac | 2= = write instructions (bit manipulation
p instructions such as SET, CLR, etc. and
OFCF T logical operation instructions such as
ofFDo | AND, OR, etc.)
D1 Note5 : 5B1: Serial interface. .
D2 |'RecrR (Remo-con pulse width PWM : Pulse Wldt{) Maculation
D3 | ik (rem on ecened ot OSD : On screen display
D4 e Remo-con : Remote control
DS
= ‘reserved o
OFFF |~ " reserved )
(b) Data Buffer Registers

Figure 2-1. SFR & DBR
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2.2 /O Ports
The 87C833/C33/H33 has 6 parallel input/output ports (34pins) as follows:

Primary Function Secondary Functions
Port P2 1-bit O port external interrupt input, and STOP mode release signal
input
PortP3 7-bit1/0 port external interrupt input, rém'&té'ééﬁi?&iEfgﬁéifﬁﬁa{ --------

timer/counter input/output, and serial bus interface
input/output, slicer interface input

Port P4 8-bit 1/0 port pulse width modulation output

Port PS 8-bit 1/O port pulse width modulation output, pulse output, and
comparator input, external interrupt input, timer/counter
input

Port P6 R, G,Band Y/BLoutput | 8-bitI/O port
from OSD circuitry,
R.G.B and Y/BL input

Port P7 2-bit I/0 port horizontal synchronous pulse input and vertical synchronous
pulse input to OSD circuitry

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

External data is read from an I/0 port in the S1 state of the read cycle during execution of the read
instruction. This timing can not be recognized from outside, so that transient input such as chattering
must be processed by the program.

Output data changesin the S2 state of the write cycle during execution of the instruction which writes to

an l/O port.
fetchcycle  fetchcycle  read cycle fetchcycle  fetchcycle : write cycle .
! | | H 1 1
! Ll Ll L) 1} L} Ll ]
Instruction ___50 S1 52 $3 S0 51 52 53 S0 51 52 83 ___ Instruction_. 50 51 52 53 50 51 52 S3 152 e
EXECU:;SI’E\ T E’l(': l‘ID ‘i" (’S) j N N T '} _—— execucty‘g':__ L1 E’f : LID (F)' 4 T I W W -
Input strobe i e Output latch__ |_|
; o pulse ;
{(a) Input Timing {b) Output Timing
Note : The positions of the read and write cycles may vary, depending on the instruction.

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

When reading an /O port except programmable I/O 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 ({src).b ® ADD/ADDC/SUB/SUBB/AND/OR/XOR (src), n

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

(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)
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2.2.1 Port P2 (P20)
Port P2 is a 1-bit input/output port. Itis also used as an external interrupt input, and a STOP mode release

signal input. When used as an input port, or a secondary function pin, the output latch should be set to
“1". During reset, the output latch is initialized to "1”.

It is recommended that pin P20 should be used as an external interrupt input, a STOP mode release signal
input, or an input port. If used as an output port, the interrupt latch is set on the falling edge of the P20

output pulse.
When a read instruction for port P2 is executed, bits 7 to 1in P2 are read in as undefined data.

SET/CLR/CPL/others ——l F CMP / MCMP / TEST / others

Data input <

output latch
l': {] P20 (NT5/5T0P)

—>»D Q
Data output i

Control input @
STOP j )o
OUTEN

Note : *; don't care

P20 -
INTS (Initial value »=xx xxx1)
STOP

P2 S
{0002y : :

Figure 2-3 PortP2

2.2.2 Port P3 (P36 - P30)
Port P3 is a 7-bit input/output port, and is also used as serial bus interface input/output, an exrernal

interrupt input a timer/counter input, and Remote-control signal input, siler interface 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.
Example 1: Qutputs an immediate data 5AH to port P3.
LD {P3), 5AH ; P3e5Ay :

Example 2: Inverts the output of the lower 4bits (P33 - P30} in port P3.
XOR  (P3),000011118 ; P33~P30-P33~P30

Control input
CMP / MCMP / TEST / others

Data input

Data output [ ] p3i

Control output Note: i=6~0

STOP
OUTEN

7 6 5 4 3 2 1 0

(Initial value 111 1111)

?goosp.) P36 : P35 | P34 ' P33 | P32 | P31 | P30
H “SDA 1 SCL : TC4 "ceLk: TC3 - INT3
I D ‘coatar o RN

Figure 2-4 PortP3
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2.2.3 Port P4 (P47 - 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 (P4CR). Port P4 is configured as an input if its corresponding PACR 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

aqu
Data is written into the output latch regardless of the sToP Hi-Z control
PACR contents. Therfore initial output data should be | o(Ten
written into the output latch before setting PACR. Port PACRi
P4 is also used as a pulse iwdth modulation (PWM) | patainput
output. When used as a PWM output pin, the output
pins should be set to the output mode and beforehand 4
the output latch should be set to "1,
Note Input mode port is read the state of input pin. When | Data output_’
input/output mode is used mixed, the contents of output output latch P4i
latch setting input mode may be changed by executing | —
bit manipulation instructions.
z 6 S5 4 3 2 1 0 Note: i=7~0
Pa PA7 1 P46 i PAS | P44 i PA3 | PA2 ' P41 [ P40
(0004,)) |PWM7 “PWiE - PW5 . PWa | Pw3 | Pwiviz . pwmT pwiva | (Initial value: 1111 1111)
7 6 5 4 3 2 1
PacR : : . : : : | (initial value : ~ 0000 0000)
(000Cy)
PACR 110 control for port P4 0 : input mode write
1 ; output mode only

Figure 2-5. Ports P4 and PACR
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2.2.4 Port P5 (P57 - P50)
Port P5 is an 8-bit input/output port, and is also used as comparator input, a pulse output, external
interrupt, timer/counter input/output, and a pulse width nodulation (PWM) output. When used as an
input port or a secondary function pin, the output latch should be set to “1”. The output latches are

initialized to “1” during reset.

Example: Cleare of P53 pin (“L” output)
CLR(P5}).3 ; P53¢«0
CMP /MCMP / TEST / others CMP / MCMP / TEST / others
Data input Data input
Data output .-DPSi Data output ﬂPSi
Output iatch Output latch
STOP Hi-Z control STOP Hi-Z control
OUTEN OUTEN
CINj <}___ Control input
(a) P57~P54 (b) P53
CMP/MCMP/TEST / others
Data input
Data output [ |PS
PWhMKk Note : i=7~4,j=2~0,k=8,9
STOP
OUTEN
{¢) P52~P50
7 6 5 4 3 2 1 Q
ps PS7 i P56 ; P55 ; P54 ; P53 [ P52 i P51 | P50
: . ’ TINT2 P TC2 T - PWia/ P .
{0005y) | CIN3 | CIN2 . CIN1 _CﬂNO - Tt ,W:PWM9: WO (Initial value: 1111 1111)
Figure 2-6. Ports PS5
3-236
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2.2.5 Port P6 (P67 - 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.
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.
Port P6 is used as an on screen display (OSD) output (R, G, B, and Y/BL signal). When used as an output
pin, the output pins should be set to the output mode and beforehand the port P6 data selection register
(P67S - P64S) should be setto “1”.

sToP STOP
QUTEN D QUTEN D
P6CRI P6CR]
Datainput Data input ! J
Data output | |P6i  Date outputﬂ L Dpﬁj
QOutput latch Output latch
R.G.B, Y7L Note: i=7~4 Note :j =3~0
P6iS
{a) P67~P64 (b) P63~P60
7 6 5 4 3 2 1 ¢}
Pc?oos P67 : P66 P65 P64 ' P63 ' P62 : P61 | P60 (Initial value #xx xxxx)
008w | v/ * g g L g LRIND gy gy i Y
BL . : FIELD : i BLIN
7 6 5 4 3 2 1 1]
P6CR N . N : P
000D | - .. i ] unitialvalue 0000 0000)
P6CR /0 control for port P6 0 Input made write
1 : Output mode only

Note: P6CR is write-only-register and must not be used with any of
read-modify-write instructions. .

Port P6 data selection register (P67S - P64S)

7 6 5 4 3 1 0
(0F91) P675 P66S . P655 ° P64S . (RDWRV} (MFYWR) (initial value 0000 **0Q)
. 0 :the OSD output (R, G, B, Y/BL) write
P6nS Selection of the output data for port P6n 1 :Port Pén output latch only
Note: n=7~4

Figure 2-7. Ports P6, P6CR, and P67S - P64S

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

Exsample :  Setthe Lower 4 bit in port P6 to the output port and set the other to the input port
LD (P6CR), OFH  ; P6CR« 000011118
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2.2.6 PortP7(P71~P70)

Port P7 is a 2-bit input /output port, and is also used as a vertical synchronous signal (VD) input and a
horizontal synchronous 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 “1”.

When a read instruction for port P7 is executed, bits 7 to 2 in P7 are read in as undefined data.

CMP /MCMP / TEST ltI)thers

Data input
SET/CLR/CPL/others

DP?i

Data outpu

Output latch

STOP
OUTEN jjc

R Vs N iz~ . !
HD, VD ote: i 0, =; don't care
W 4 3 2 0
P? : : - : : P71 i P70
(0007y) : ) VD ; HD |(nitialvalue: #x+x #x11)
Figure 2-8. Ports P7
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 2-10.

An INTTBT is generated on the first rising edge of source clock (the divider output of the timing
generator) after the time base timer has been enabled. The divider is not cleared by the program;
therefore, only the first interrupt may be generated ahead of the set interrupt period.

The interrupt frequency (TBTCK) must be selected with the time base timer disabled (When the time base
timer is changed from enabling to disabling, the interrupt frequency can’t be changed.) (both frequency
selection and enabling can bk performed simultaneously).

TBTCK X X
: : t1=0
TBTEN : | | : t2 = 1 machine cycle

~ ;
S : 2

Example : Sets the time base timer frequency to f¢/216 [Hz] and enables an INTTBT interrupt.
LD (TBTCR), 0000710108
SET (EIRL). 6
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o INTTBT
fes28 A interrupt
fcr22! B request
:Cg:i g source clock — J
C ising
fer213 E edge Source clock _l I | [ l
fcr21? F detector : :
fe/21 >—1G TBTEN
fer2 H R : : H
3
INTTBT H " " "_
TBTCK TBTEN V — - .
1 nterrup
. - TBTCR Enable TBT period
Time Base Timer Control Register
(a) Configuration (b) Time Base Timer Interrupt
Figure 2-9. Time Base Timer
4 3 2 10
A TR L A 0" {TBTENl L TBTCK ] (Initial value: Qxx0 Qx+)
Time base timer 0 : Disable
TBTEN enable/disable 1 : Enable
000 : fc/ 22 [Hz] ( 0.95 Hz at fc=8MHz)
001 : fc/2% ( 3.81 Hz at fc= 8MHz) write
010 : fc/218 (122,07 Hz atfc=8MHz) only
TTCK | Time base timer interrupt 011 : fes2™ ( 488.28 Hz at fc=8MHz)
frequency select 100 : fer2" (  976.56 Hz at fc= 8MHz)
101 : fc/2'2 ( 1953.12 Hz atfc=8MHz)
110 : fes2" { 3906.25 Hz atfc=8MHz)
11 : fer2° ( 15625 Hz atfc = 8MHz)
Notel: fc; High-frequency clock [Hz], *; don‘tcare
Note2: The TBTCR 1s a write-only register and must not be used with any of the read-
modify-write instructions.

Figure 2-10. Time Base Timer Control Register
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2.4 16-bit Timer 1 (TC1)

The 87C833/C33/H33 has two 16-bit timers (TC1, TC2) and two multi-function 8-bit timer/counters (TC3,

TC4).
2.4.1 Configuration

(121) | 193unoduawl) "L |-z aunbing

1XYW I XdWN 8QOIIs UM
J0i0400W0Y  !dWD . 30N 819331 M81o3uL 5
Wwio3¥l HviD3ul 42351684 [013U0 | JBIUNOIIBWIL
ELTNY
M EI DL HOEDL
1023u02 _ _
1938p ynew
Seus a1 “vi s193sibas 1du wg-91 WL
Ldvls
31660y V1938l 81234l
aumdes
uwmw~Vl—.HDl 195 m w M _\.
o—f v ]
Jeap
XdWN
apowr mopuim 1
e — 4
Sreu awd e
(Lou y : 3 _Imﬂ £2/%
nopl g A8 2/
spow 423unc>-dn 31g-gL A N
uBWaIINsEIW 8 v wili
yipim asind 129 U ud 1DL
XdWN
Ul S3ZLNI
1113
10N aBpd _
Buista Buijje;
Jeap
apows
jeubis Jea|y 5i0L UdWAINSEIW
o 195 Iﬂl yapim asind
tDddIN
MRS e ] _J.;
» 8
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dnueln [DLINI Tmm o .
v
S
LdVIW
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2.4.2 Control

The timer/counter 1 is controlled by a timer/counter 1 control register (TC1CR) and two 16-bit timer
registers (TREG1A and TREG1B). Reset does not affect the TREG1A and TREG1B.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TREG1A TREG]
(0010, 0011, L REG1AL (0011) | . I . . TREG1A, (00104) e
Write only
TREG1B
(0012, 0013H)l 1 TREG 18, (0013}) L I L L TREG1B) (0012p) s L |
Read / Write (Write available in only PPQ
7 6 5 4 3 2 1 0 output mode)
. SCAPT
TCICR D upn . .
(00144) 0" |mcar TC1S TC1CK TCIM (initial value : 0000 0000)
Do Lwerms ] I L
00 : timer/external trigger timer / event counter mode
TCIM TC1 01: window mode
mode select 10: pulse width measurement mode
11: reserved
00: internal dock fe/2"  [Hzl
.o 7
Te1K T 01: !nternal clock fc/23
source clock select 10: internal clock fc/2
11: external clock (TC1 pin input)
write
00: stop & counter clear only
T 01: command start
TC1S
start control 10: reserved
11: external trigger start
. SCAP1 | software capture control | - - :. software capture trigger
pulse width measurement .
MCAP1 control 0 : double edge capture 1: single edge capture
METT1 external trigger timer 0 : tnigger srart 1: tngger start & stop
control
Note 1: fc,; High-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, TREG18y) 1s written,
Note 3: Set the mode, source clock, edge, PPG control and timer FIF control when TC1 stops (TC1S =00).
Noted: Software capture can be used in only timer and event counter modes.
Note 5: Values to be loaded ta timer registers must satisfy the following condition.
TREG1A>TREG18>0 (PPG output mode) ; TREG1A >0 (others)
Note6: TCICR 1s write-only register and must not be used with any of the read-modify-write instructions such
as SET, CLR, etc. TC1CR must be used with load instructions.

2.4.3 Function

Figure 2-12. Timer

Registers and TC1 Control Register

Timer/counter 1 has five operating modes: timer, external trigger timer, event counter, window, pulse
width measurement mode.

(1) Timer Mode
In this mode, counting up is performed using the internal clock. The contents of the timer register
1A (TREG1A) are compared with the contents of the 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 the up-counter can be transferred to the timer register 1B (TREG1B)
by setting SCAP1 (bit 6in TC1CR) to “1” (software capture function).

B 5097249 0027300 343 WA
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Source clock Resolution ( At f¢ = 8MHz) Maximum time setting (At fc = 8MHz)
fc/ 22[Hz] 1 8 65.535 ms
fc1 27 16 45 1.04856 s
fes2V 256 45 16.77696 s

Table 2-1. Timer 1 Source Clock (Internal Clock)

Example 1 :Sets the source clock to fc/27[Hz] and generates an interrupt 1 [s] later (at fc = 8MHz).

LD (TC1CR), 000001008 ; Setsthe TC1 source clock
LDW {TREG1A), 0F424H ; Setsthetimer register(1s-fc/27=Fa24,)
SET {EIRL) EF4 ; Enables INTTC1 interrupt
El
LD (TC1CR), 000101008 ; Starts TC1
Example 2 :Software capture
LD (TC1CR), 010101008 ; SCAP1e1 (Captures)
LD WA, (TREG1B) ; Readscaptured value

Command start

Source clock I||:|I||l|||||||||||||l|||]||l|l|||l|
1
1

Up-counter A2 X3 X ) not

TREG1A ? )( n b

Match Counter
detect \n’ clear

INTTC1 interrupt

(a) Timer

Counter :X m‘if’““ X m X m+1 X minS__X nix n fnnx

1 capture l capture
A
m

:XVn

TREG1B

A
SCAP1 n

(b) Software Capture

Figure 2-13. Timer Mode Timing Chart

(2) External Trigger Timer mode

This is the timer mode to start counting up by the external trigger. The trigger is the edge of the TC1
pin input. Either 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 the TC1CK.
The contents of the TREG1A is compared with the contents of the up-counter. If a match is found, an
INTTC1 interrupt is generated, and the counter is dleared 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/c [s] or less are
eliminated as noise. A pulse width of 24/fc [s] or more is required for edge detection in the NORMAL
or IDEL mode.
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count start count restart
TCH pininput trigger A tngger (INT2ES = 0)

Internal clock

Up-counter
TREG1A

INTTC1

TC1 pininput

Internal clock

Up-counter
TREG1A

INTTCY

{4
th

: M C5) O ST €D € € @
X_~» >
match \n) clear
(a) Trigger Start (METT = 0)
count count count
start clear start

‘ trigger

* trigger }trigger

r

ising edge select
(INT2ES = 0)

X P/
/

match clear
Note: m<n

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

Figure 2-14. External Trigger Timer Mode Timing Chart

(3) EventCounter Mode
In this mode, events are counted at the edge of the TC1 pin input. Either rising or falling edge can be
selected with INT2ES in EINTCR. The contents of the TREG1A are compared with the contents of the
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 the NORMAL or IDLE mode.
Setting SCAP1 to “1" transferres the current contents of the up-counter to the TREG1B (software
capture function).

TC1 pininput

Up-counter

TREG1A

INTTC1 interrupt

Command start

D

clear

Match \IT Counter

detect

Figure 2-15. Event Counter Mode Timing Chart (INT2ES = 1)
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(4) Window mode

Counting up is performed at 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 the TREG1A are compared with
the contents of the 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 the up-counter to the 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 | I
i
Internal clock |||:l|||||||I||I|II|I':|I||||||||
1 1
! ]

Up-counter o ED 6 6 O S © ¢ 0 &5 &D &
1

TREG1A X 7 b

T
INTTCH i match \nj clear

{a) Positive Logic {INT2ES =0)

command start

}

TC1 pininput l I

Internal clock I | | I | I I I |E| | I | | I | I | | | | | | I l |‘| | I | I |
! : B : : : X : i
&0 6 6 0 6 G 6 £ 00

)
Up-counter !
1)
TREG1A X s
i
INTTC1 ; match n clear

(b) Negative Logic (INT2ES=1)

Figure 2-16. Window Mode Timing Chart

(5) Pulse width measurement mode

Counting is started by the external trigger (set to external trigger start by TC1S). The trigger is
selected either rising or falling edge of the TC1 pin input. The source clock is used an internal clock.
At the next falling (rising) edge, the counter contents are transferred to the TREG1B and an INTTC1
interrupt is generated. The counter is cleared when 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 the TREG1B. If a falling (rising) edge capture value is required, it is necessary
to read out the TREG1B contents until a rising (falling) edge is detected. Falling or rising edge is
selected with INT2ES, and single edge or double edge is selected with MCAP1 ( bit 6 in TC1CR).
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count count
start start

TC1 pininput

Internal clock

Up-counter

TREG1B

INTTC1

TC1 pininput

Internal clock

tngger *

: b :
=0 XX

capture

I

[Applications] High or low pulse width measurement

(a) Single Edge Capture

count count
start start

Up-counter

TREG18B

INTTC1 ” ”

[Applications] @ Period / Frequency measurement
@ Duty measurement
(b} Double Edge Capture
Figure 2-17. Pulse Width Measurement Mode Timing Chart
Example: Duty measurement (Resolution f¢/27 [Hz))

CLR (INTTC1C). 0 ; INTTC1 service switch initial setting
LD (EINTCR), 00000000B ;  Setsthe nise edge at the INT2 edge
LD (TC1CR}, 000001108 . Setsthe TC1 mode and source clock
SET (EIRL). 4 ; Enables INTTC1
LD (TC1CR), 001101108 ;  Starts TC1 with an external trigger
PINTTC1: CPL (INTTC1C). 0 ; Complements INTTC1 service switch
JRS £, SINTTCH
LD (HPULSE), (TREG18L) ;  Reads TREG1B
LD (HPULSE + 1), (TREG 1BH)
RETY
SINTTC1: LD {WIDTH), (TREG1BL) ; Reads TREG1B (Period)

LD {WIDTH + 1), (TREG18H)

3-245
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2.5 16-bit Timer/Counter 2 (TC2)

2.5.1 Configuration

TC2 pin
fcr223 clear
fc/213%——> 16-bit up-counter

fe/28%m source
f/23 3 A clock

INTTC2
interrupt

comparator

enable
match detect control
TC2CR | TREG2 |

Timer/Counter 2 control register 16-bit timer register 2 TREGZH TREG2L
write strobe write strobe

Figure 2-18. Timer/Counter 2 (TC2)
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2.5.2 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.

TREG2 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
write only
TC2CR . 7 G 5 4 3 2 1 0
©0150) s LTC ] TC2CK | TC2M (Initial value :  *+00 00%0)
Timer/counter 2 operating 0 : Timer/Event counter mode
TC2M A
mode select 1 : Window mode
000 : Internal clock fc/2% [Hz)
001 : k4 fer2
010 : ” fes28
TC2CK | Timer/counter 2 011 : s fei 28 write
saurce clock select 100 : Reserved only
101 : Reserved
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 clock [Hz], *. don't care

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

Note 3: Set the mode and source clock when timer/counter stop (TC25 =0).

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

TREGZ > O(TREG2y5~71>0 when warm-up).

Note5: The TC2CR and the TREG2 are write-only registers and must not be used with any of the

read-modify-write instructions such as SET, CLR, etc.

Figure 2-19. Timer Register 2 and TC2 Control Register

2.5.3 Function
The timer/counter 2 has three operating modes: timer, event counter and window modes.

(1) Timer Mode
In this mode, the internal clock is used for counting up. The contents of the timer register 2 (TREG2)
are compared with the contents of the 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.
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Source clock

Resolution (At fc = 8MHz)

Maximum time setting (At fc = 8MHz)

fc/2¥ [Hz]
fcs29
fes 28
fer 22

1.048576 s

1.024 ms
32 #5

i M5

19 hour 5 min 184 s
1 min 7.1 s

2.09712 s

65535 ms

Table 2-2. Source Clock {internal Clock) for Timer 2

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

LD
LDW
SET
El
LD

{TC2CR), 000011008
(TREG2), 61ABH
(EIRH) EF14

(TC2CR), 001011008

. Sets the source clock
; Sets TREG2 (25ms + 23/fc = 61ABy)
; Enables INTTC2 interrupt

; Starts TC2

(2) EventCounter Mode

In this mode, events are counted at the rising edge of the TC2 pin input. The contents of TREG2 are

compared with the contents of the up-counter.

If a match is found, an INTTC2 interrupt is

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

the NORMAL and IDLE mode.

Example : Setsthe event counter mode and generates an INTT2 interrupt 640 counts later.

LD
LDW
LD

(3) Window Mode

(TC2CR), 000111008
(TREG2), 640
(TC2CR), 001111008

. Setsthe TC2 mode
. Sets TREG2
; Starts TC2

In this mode, counting up is performed at 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 the
TC2CK. The contents of the TREG2 are compared with the contents of the up-counter. If a match is
found, an INTTC2 interrupt is generated, and the up-counter is cleared to “0”. Itis necessary that the
maximum applied frequency (TC2 input) be such that the counter value can be analyzed by the
program. That s, the frequency must be considerably slower than the selected internal clock.

TC2 pininput

Internal clock

Up-counter

——

|

o XK Tz Yo XXX P X2 X3

TREG2

A"

INTTC2 inteerrupt

match m counter clear

Figure 2-20. Window Mode Timing Chart
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2.6 8-Bit Timer/Counter 3 (TC3)
2.6.1 Configuration

llnhlblt

rising
Edge fallin Capture ! ’_—D_»
detector 9| control D_ INTTC3
interrupt

TCG3Mm TC3s

¥

clear
TC3pin
D
N source clock overflow
fu22 Ay 8-bit up -counter
fole ————— > TCIM
fo2? —»IC

uF?VD

capture capture
_.__D—> TREG3B TREG3A

SCAP 8-bit Timer Regnster 3A,38

TC3CR
Timer/Counter 3 Control Register

Figure 2-21. Timer/Counter 3

TC3CK

TC38

>

I
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2.6.2 Control
The timer/counter 3 is controlied by a timer/counter 3 control register (TC3CR) and two 8-bit timer
registers (TREG3A and TREG3B). Reset does not affect these timer registers.

TREG3A 7 6 i 5 4 3 2 . 1 0
0018y | : Read/Write
TREG3B H H N N . N H
(0019, ﬁ : : : : I Read only
7 6 5 4 3 2 1 0
TC3CR o o "
001 o [scap] ~ [ress| tcgek | [team|  (nitiai value:  0+000+0)
Timer/counter 3 0 : Timer/event counter mode
TC3M )
operation mode select i : Capture mode
00 : Internal clock fc/27 [Hz]
Tc3ck | Timer/counter 3 01 : Internal clock fc/2'°
source clock select 10 : Internal clock fel/ 27 write
11 : External clock (TC3 pininput) only
Timer/counter 3 0 : Stop and counter clear
TC3S
start control 1 Start
0: -
SCAP Soft t t
oftware capture control 1+ Software capture
EIN 5 4 3 2 1 0
TCR oy e ot e .
(0037, Cmor ) S | ror ot (Initial value : 0000 000%)
TC3ES | TC3 edge select 0: R's":‘g edge write
1 : Falling edge only
Note 1: fc; High-frequency clock [Hz], *; don’t care
Note2: Setthe mode, the source clock and the edge selection (TC3E5) when the TC3 stops (TC35 =0).
Note3: Values to be loaded to timer register 3A must satisfy the following condition.
TREG3A > 0 (in the timerievent counter mode)
Noted: TC3CRand EINTCR s a write-only-register and must not be used with any of read-modify-write
instructions.
Note5: Always write "0” to bit 7-5 and 2-1 in EINTCR.

Figure 2-22. Timer Register 3 and TC3 Control Registers

2.6.3 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 2-3 is used for counting up. The contents of TREG3A
are compared with the contents of the up-counter. If a match is found, a timer/counter 3 interrupt
(INTTC3) is generated, and the up-counter is cleared. Counting up resumes after the up-counter is
cleared. 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.

Source clock Resolution (AT fc = 8MHz) Maximum setting time (AT fc = 8MHz)

fc/2? 512 48 130.56 ms
fc/2° 128 s 3264 ms
fc/ 2’ 16 s 4.08 ms

Table 2-3. Source Clock (Internal Clock) for Timer/Counter 3
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(2) EventCounter Mode
In this mode, the TC3 pin input pulse 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 counter is cleared. The
maximum applied frequency is fc/24 [Hz]. 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 : Generetes an interrupt every 0.5 [s], inputting 50Hz pulses to the TC3 pin.
LD (TC3CR), 000011008 ; Sets TC3 mode and source clock
LD (TREG3A), 19H ; 05[s)]+1/50=25=19y
SET (EIRH).EF8 ; Enables INTTC3 itnerrupt
]
LD (TC3CR), 000111008 ; Starts TC3

(3) Capture Mode

The pulse width, period and duty of the TC3 pin input are measured in this mode, which can be used
in decoding the remote control signal, etc. The counter is running free 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 loaded into TREG3B. In this case, counting
continued. On the nextrising (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 to the TREG3A and an overflow interrupt (INTTC3) is
generated. During interrupt processing, it can determine whether or not there is an overflow by
checking whether or not the TREG3A value is FFy. 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. Therefore, TREG3B has been read out earlier than
TREG3A.

sreomer - TEXENAXDENDED 0000
TC3 pininput \ L]

TREG3A :X k : \ X n | X Froverflow)
TREG3B : IX *m ; 'XLFE:

INTTC3 interrupt h‘a"“"e 'ncapture hovemow

Reading TREG3A M n n

Figure 2-23. Timing Chart for Capture Mode (TC3ES = 0)
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2.7 8-bit Timer/Counter (TC4)

2.7.1 Configuration

TC4S

source clear

| 8-bit up-counter |

match
TC4AM ‘»
/f' Note: MPX; Multiplexer

2
[ tcacr | | TREGA ] CMP; Comparator

Timer/Counter 4 Control Register 8-bit Timer Register 4

ﬁ ﬁ INTTC4
interrupt

TC4 pin [J——>|
fe/211 >
fg27 >>=|B
fa/23 |

2
TC4CK
TC4s

Figure 2-24. Timer/Counter4

2.7.2 Control
The timer/counter 4 is controlied by a timer/counter 4 control register (TC4CR) and an 8-bit timer register
4 (TREG4). Reset does not affect the TREG4.

EGa 7 6 5 4 3 2 1 4]
TR - - - - )
(001By) ‘ . : : : : | Write only
L7, 8 5 4 3 2 1 0
(Toco“tccRH) LT [rcas| Teqek Team | (Initial value :  00x0 0000)

00 : Timer/event counter mode
TCAM | TC4 operating mode select 01 : Reserved
1* : Reserved

00 : Internal clock fc/2" [Hz) write
01 : Internal clock fc/27 only
10 : internal clock fc/2?

11 : External clock (TC4 pininput)

TC4CK | TC4 source clock select

0 : Stop and counter clear

TC4S TC4 start control
1 : Start

Note 1: fc; High-frequency clock [Hz], *; don’tcare

Note2: Set the operating made, the source clock selection and the edge selection (TC4ES) when
the TC4 stops (TC45 =0).

Note 3: Always write "1 to bit 7 and bit 6 in TC4CR.

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

TREG4>0

Note5: TC4CR and the TREG4 are write-only registers and must not be used with any of the read-

modify-write instructions such as SET, CLR, etc.

Figure 2-25. Timer Register 4 and TC4 Control Registers
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2.7.3 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 the 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.

Source clock Resolution (At fc = BMHz)

Maximum setting time (At fc= 8MHz)

fe/2" [Hz) 256 u
fc12’ 16 us
fer2? 1 s

65.28 ms
4.08 ms
255 »

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

(2) EventCounter Mode

In this mode, the TC4 pin input (external clock) pulse is used for counting up. 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 counter is cleared. The maximum applied frequency is f¢/2* [Hz). Two or more

machine cycles are required for both the high and low levels of the pulse width.

M 9097249 0027312 OS5 WA
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2.8 Serial Bus Interface (SBI)
The 87C833/C33/H33 has a 1-channel serial bus interface which employs a clocked-synchronous 8-bit serial
bus interface and an 12C bus (a bus system by Philips).
The serial interface is connected to an external device through P35 (SDA) and P34 (SCL) in the I°C bus
mode; and through P34 (5TK), P36 (50), and P35 (S1} in the clocked-synchronous 8-bit SIO mode.
The serial bus interface pins are also used for the P3 port. When used for serial bus interface pins, set the
P3 output latches of these pinsto "1". When not used for serial bus interface pins, the P3 port is used as a
normal I/0 port.

When the 87C833/C33/H33 is used as master mode, another devices on same bus must be slave mode.
Because the 87C833/C33/H33 serial bus interface (SBI) does not have arbitration function. (single master-
bus-system)

The data transfer is carried 9bits (8bits data and 1bit acknowledge) unit.

2.8.1 Configuration

—> INTS8I Interrupt request
SCL
{ SCK
{
;c ] —1_> sl Input/
le’§7 .y Clock Output
Control
2 o
Select ontro
fa210 o, reurt +
fe/212> —
fer215> sio so 1]so
l Transfer Data sl SDA
Control [/t Control sl
12Cbus Cireurt N SCL
clock sync. ACR
+
Control A )
Shift #2CBus
data
Regrster Noise
Control |7 Canceller SDA
|
LV |
SBICR2/
SBISR {2CAR SBIDBR SBICR1
SBi Control Register 2/ 12CBus SBI Data $BI Control Register 1
$BI Status Register Address Register Buffer Register

Figure 2-26. Serial Bus Interface (SBI}

2.8.2 Serial Bus Interface (SBl) 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 data buffer register (SBIDBR)
® 12C bus address register (12CAR)
® Serial bus interface status register (SBISR)

Refer to Section “2.8.4 12C bus Mode Control” and “2.8.6 Clocked-synchronous 8-bit SIO Mode Controi”.
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2.8.3 The Data Formats in the 12C bus Mode
The data formats when using the 87€833/C33/H33 in the 12C bus mode are shown below.

(a) Addressing format
«——38bits ——»| | | «——B8 bits ——»| 1 [«——-8 bits—»{1
TTTTTT[Rla A A
S| Slave address /1C Data C Data ciP
K K K
i 1ormore ———————>
(b) Addressing format (with restart)
<——8 bits 1 8 bits 1 8 hits 1 [«———8 bits ——| 1
IF'TTTTTIr[A A TTTTTT IRr[A A
5] Slave address |/|C Data C{S | Slave address /|C Data c(p
WK K Wi K K
1 1 or more —| 1 1 or more —>|
{c) Free data format
8 its 1 |«——8 bits ——»| 1 |«——8 bits ——»| |
TTTTTTT Ja A A
S Data C Data C Data Cc|P
K K K
1 lormore ———>
(Notes) S : Startcondition
RAW : Direction bit
ACK : Acknowledge bit
P : Stop condition

Figure 2-27. The Data Format in the 12C bus Mode
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2.8.4 12C Bus Mode Control
The following registers are used for control and operation status monitoring when using the serial bus
interface (SBI) in the 12C bus mode.

Sertal Bus Interface Control Register 1
SBICR1 7 6 5 4 3 2 1 0
[o==="m—-=—=—7= == uiohal
0020w {1 #g™ 1 =q" 1 "0" | ACK 0" | LSCK (Initial value  *x+0 0000)
. itter. Read/
ACK | Acknowledge mode specification 0: Acknowledge not returned to tral"\smltter v;:::_\t
1: Acknowledge returned to transmitter. nte
000 : fu/26 [Hz] (125kHz)
001 : fa/27 {Hz] (62 5kHz)
) 010 : fu28 [Hz] (31 2kHz )
scK Frequency of Serial cdlock (fscyy 011 : /29 [Hz] (15.6kHz) at fc = 8MHz Write
selection (only master - mode) 100 : fef210 [Hz] (7.8kHz) only
101 : fer212 [Hz] (1.9kHz) Output on
110 : fef215 [Hz] (244Hz) SCL pin
111 : reserved
Note! : *, don’tcare
Note2 : The SBICR1 (bit7, 6, 5, 3) is writed to normaly “0”
Serial Bus Interface Data Buffer Register
SBIDBR 7 6 S 4 3 2 1 0
(00214) | Read / Write
1 1 1 1 1 | 1
12C bus Address Register
7 6 5 4 3 2 1 0
12CAR Slave address ALS »
(00224) | sa6 | 5A5 [ 5A4 | SA3 | sA2 [sAt | SAD (initial value 0000 00G0)
ALS Address recognition mode 0 : Slave address recognition Write
specification 1: Nonslave address recognition only

Figure 2-28. Serial Bus Interface Control Register 1/Serial Bus Interface Data Buffer Register/
12C bus Address Register in the 12C bus Mode
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Serial Bus Interface Control Register 2

SBICR2 7 6 5 4 3 2 1 0
sTTTeC
©00234) fmst{vrx [ BB [ PN [ seim [ 70" 1 0" 1 (nitialvalue 0001 00%4)
MST | Master/slave selection (Write), 0: Slave
Status monitor (Read) 1: Master
TRX [ Transmitter/receiver selection (Write), | 0 : Receiver
Status monitor (Read) 1: Transmitter Read/
BB |Start/stop generation (Write}, 12Cbus | 0 : Stop condition (Write}, Bus free (Read) Write
status monitor (Read) 1: Start condition (Write}, Bus busy (Read)
PIN [Cancelinterrupt service request(Write), [ 0 : ~ (Write), Interrupt service requested (Read)
Status monitor (Read) 1: Cancel interrupt service request (Write) ,
canceled (Read)
00 : Port mode (serial bus interface output disable)
Senial bus interface operating mode 01 :S10 mode Write
SBIM 2
selection 10 : *Cbus mode only
11 : Reserved
Note 1: *:don'tcare
Note 2: Switch a mode to port after making sure that a bus is free.
7 6 5 4 ) 3 ) 2 1 Q
saisk  [msT | TRx [ B8 [ PN {aas Japo | Lrs |
{0023y) :
AAS | Slave address match detection monitor | 0: -
1: Slave address match or "GENERAL CALL" detected
ADO | "GENERAL CALL" detection monitor 0: - Read
1: "GENERAL CALL" detected only
LRB | Last received bit monitor 0 : Last received bit "0" (with acknowledge signal}
(acknowledge signal monitor) 1: Lastreceived bit "1" (with acknowledge signal)
Figure 2-29. Serial Bus interface Control Register 2/Serial Bus interface status register in the 12Cbus Mode

(1) Acknowledge mode specification

Set the ACK (bit 4 in the SBICR1) to "1" for operation in the acknowledge mode. In the receiver
mode during the clock pulse cycle, the SDA pin is pulled down to the low level in order to generate
the acknowledge signal. When the ACK is cleared to “0”, the SDA pin released high-level in the

acknowledge timing.

5CLline 1 2 3

/o

SDA line D7 X D6

X s

X b4 X bo3 X o2 X D1 X DO

SDA pin

Data transfer

/

Acknowledge signal

Figure 2-30. Acknowiledge signal output
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(2) Serial clock

The SCK (bits 2 to 0 in the SBICR1) is used to select a maximum transfer frequency directed from the
SCL pin in the master mode. If the rising time of autput clock is more 2/fc [s], “High” period of clock
is extended. If the SCK is set to the "Low” Level with the slave device, the clock is stopped in this
period. After restart, the tyc [s] of first clock is set to the [ (tsc/2) = the = tsc ]

(a) tre< (2/1c} [s] « the=tic=tscL/2[s]

FscL = fsct

«—— 1/ F5c [s]

(tscL=1/fscL [s])

«— 1/Fsc [s] the tie —>
SCL pin
{output) 0.5VDD
-
tac

(b)trc = (2710 [s] . thc=tscLls] , tic=tscL/2 [s]

SCL pin
(output)

Fser="fsci/ 1.5

SCK Fscu (at fc=8MHz)
(bits2 to 0inthe SBICR1) | tac < 250 [nS] 250 [nS] < trc
Q00 125. kHz 83.3 kHz
001 62.5 kHz 41.6 kHz
010 31.2  kHz 208 kHz
011 156  kHz 10.4 kHz
100 7.8 kHz 52 kHz
101 1.95 kHz 1.3 kHz
10 0.24 kHz 0.16 kHz
Case (a) Case (b)

tic—

Figure 2-31. Serial Clock
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(3) slave address and Address recognition mode specification
When the 87C833/C33/H33 is used as a slave device, set the slave address and ALS to the I12CAR. Set
"0" to the ALS for the address recognition mode.

(4) Master/slave selection
Set the MST (bit 7 in the SBICR2) to "1" for operating the 87C833/C33/H33 as a master device. Reset
the MST to "0" for operation as a slave device. The MST is cleared to "0" by the hardware after a
stop condition on the bus is detected.

(5) Transmitter/receiver selection

Setthe TRX (bit 6 in the SBICR2) to "1" for operating the 87C833/C33/H33 as a transmitter. Reset 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 sets an I12CAR or when a GENERAL CALL is
received (all 8-bit data are “0" after a start condition, the TRX is set to "1" if the direction bit (RAWV)
sent from the master device is "1", and is cleared to "0" if the bitis "0". In the master mode, after an
acknowledge signal is returned from the slave device with the hardware, the TRX is set to "0" if a
transmitted direction bit is "1", and set to "1" if it is "0". When an acknowledge signal is not
returned, the current condition is maintained.

The TRXis cleared to "0" by the hardware after a stop condition on the 12C bus is detected.

(6) Start/Stop Condition generation
A start condition and before setting slave address and the direction bit to a data buffer register are
output on a bus by writing " 1" to the MST, TRX, and BB when the BB (bit 5 in the SBICR2) is "0".

-

SCLpin 1 2 3 4 5 6 7 8 9 —_—

SDApin"_i—\ [ a6 X as X ar X as XAz XAt XA X rRw /

J PP W

| S
Start Slave address and the direction bit —————————>| Acknowledge
condition signal

Figure 2-32. Start Condition Generation and Slave Address Generation

A stop condition is output on a bus by writing " 1" to the MST and TRX when the BB is "1".

Stop condition

Figure 2-33. Stop Condition Generation

The bus condition can be indicated by reading the contents of the BB (bit 5 in the SBISR). The BB is
set to "1" when a start condition on a bus is detected,and is cleared to "0" when a stop condition is
detected. In the case of the 87C833/C33/H33 is a master transmitter, after a start condition is
generated, until a stop condition is generated and until the MST is set to 0", the count of writing BB
is read from BB.

3-259
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(7) Cancel interrupt service request
When a serial bus interface interrupt request (INTSBI) occurs, the PIN (bit 4 in the SBISR) is cleared to
"0". 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 PINto "1".
The time from the PIN being set to " 1" until the SCL pin is released takes t.ow-
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 at the 12CAR 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 set to "0" when "0" is written.

(8) Serial bus interface operation mode selection
The SBIM (bits 3, 2 in the SBICR2) is used to specify the serial bus interface operation mode. Set the
SBIM to "10" when used in the I2C bus mode.
Switch a mode to port after making sure that a bus is free.

(9) Slave address match detection monitor
The AAS (bit 2 in the SBISR) is set to " 1" in the slave mode, in the address recognition mode (ALS =0),
or when receiving a slave address with the same value that sets a GENERAL CALL or |2CAR. When the
ALS is "1", the AAS is set to "1" after receiving the first 1-word of data. The AAS is reset by either
writing/reading data to/from a data buffer register.

(10) GENERAL CALL detection monitor
The ADO (bit 1 in the SBISR) is set to "1" in the slave mode, when receiving a GENERAL CALL (ali 8-bit
data received immediately after a start condition are “0"). The ADO is reset to “0” when a start or
stop condition is detected on the bus.

(11) Last received bit monitor
The SDA line value stored at the rising edge of the SCL line is sent to the LRB (bit 0 in the SBISR).
(When the contents of the LRB are read immediately after an INTSBI interrupt request is generated in
the acknowledge mode, an ACK signal is read.)

2.8.5 Data Transfer in 12C bus Mode

(1) Device Initialization
Set the ACK, CHS and SCK in the SBICR1. Specify "0" to bits 7 to 5.
Set a slave address and the ALS (ALS =0 when an addressing format) to the I2CAR.
For specifying the default setting to a slave receiver mode, assign "0" to the MST, TRX, and BB in the
SBICR2; "1" to the PIN; " 10" to the SBIM; and "0" to bitsO and 1.
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(2) Start Condition and Slave Address Generation
Observe 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 writing "1" to the MST, TRX, and BB, the slave address and the direction bit which are set to
the SBIDBR and the start condition are output on the bus. A slave device receives these data and
pulls down the SDA line of the 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.

-

1
1
1
1
soapin 1 \ i /A6 Xas Xaz XAz Xaz XA1 X0 XRIWY\__\:"
Y

1 []
b- t‘ —V Acknowledge

Start condition . . signal from a
Slave address + direction bit slave device

PIN L
INTSB! <

interrupt l"l
request

Figure 2-34. Start Condition Generation and Slave Address Transfer

[ET PO S

(3) 1-word Data Transfer
Test the MST by the INTSBI interrupt process after a 1-word data transfer is concluded, and
determine whether the mode is a master or slave.

a. When the MST is "1" (Master mode)
Test the TRX and determine whether the mode is a transmitter or receiver.

@ When the TRXis "1" (Transmitter mode)

Test the LRB. When the LRB is "1", a receiver does not request data. Implement the process
to generate a stop condition (described later) and terminate data transfer.

When the LRB is "0", the receiver requests new data. 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
from the SDA pin. 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 test above.

——Write to SBIDBR

SCL pin 1 2 3 4 5 6 7 8 9

sDApin "\ D7 XD6 X05 Xba_ Xo3 X0z Xpt_ X00 )’\__\_‘_'

Acknowledge signal
PIN J from a receiver

INTSBI interrupt request <l |

Figure2-35. Example of when BC="000", ACK="1"
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@ When the TRX is "0" (Receiver mode)
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 87C833/C33/H33 outputs a serial clock puise to the SCL pin to transfer new
1-word of data and sets the SDA pin to "0" at the acknowledge signal timing.
An INTSBI interrupt request then occurs and the PIN becomes "0", the 5CL pin is pulled down
to the Low Level. The 87C833/C33/H33 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

SCLpin 1 2 3 4 5 6 7 8 9

SDAPin """‘i::><:§§::><:§-'E::>C'5r'X:‘55_:><:‘5_":X:@’::X:‘?‘:’:WET“!_@

PIN I to a_tr::msmitter

INTSBI
interrupt request —”—--

Figure 2-36. Example of when ACK="1"

In order to terminate transmitting data to a transmitter, reset to “0” the ACK before reading
data which is 1 word before the last data to be received. Then the 87C833/C33/H33 releases
SDA pin with “1" at the acknowledge signal timing of the last data to be received, and
informs transmitting end to a transmitter.

After data is received and an interrupt request has occurred, the 87C833/C33/H33 generates a
stop condition and terminates data transfer. Even if SBIDBR is read at timing of the last data
to be received, serial clock and acknowledge signal are not output. There is a reason value of
ACKis “0".

SCLpin 9 1 2 3 4 5 6 7 8 9

SDA pin D7 v D6 ¥ DS v D4 \I’-Dg v D2 v D1 v 0-6_--7 ____________
a : “ A : 4 4 ! \—Acknowledge signal“H”
sent to a transmitter

| L.
INTSBI __l"l ; rL__

interrupt request

"0 = ACK
Read SBIDBR

Figure 2-37. 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 87C833/C33/H33 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. When an INTSBI interrupt
request occurs, the PIN (bit 4 in the SBICR2) is reset to “0”, 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.

The 87C833/C33/H33 tests the TRX (bit 6 in the SBISR), the AAS (bit 2 in the SBISR), and the ADO
{bit 1in the SBISR) and implements processes according to conditions listed in the next table.

TRX | AAS {ADD Conditions Process
1 1 0 {Inthe slave receiver mode, the Write transmitted data to the
87C833/C33/H33 receives a slave SBIDBR.

address of which the value of the
direction bit sent from the master is
"1".

0 0 |In the slave transmitter mode, 1- Test the LRB. If the LRBissetto "1",
byte data is transmitted. set the PINto "1" since the
receiverdoes not request further
data. Then, reset the TRX to release
the bus. If the LRB is set to "0" write
transmitted data to the SBIDBR since
the receiver requests further data.

0 1 | 1/0 |In the slave receiver mode, the Read the SBIDBR for setting the PIN
87C833/C33/H33 receives a slave to "1" (reading dummy data) or
address or general CALL of which write " 1" to the PIN.

the value of the direction bit sent
from the master is "0".

0 | 1/0 [inthe slave receiver mode, the Read received data from the
87C833/C33/H33 terminates SBIDBR.
receiving of 1-byte data.

Table 2-5. Operation in the Slave Mode
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(4) Stop Condition Generation
Writing "1" to the MST, TRX, and PIN, and "0" to the BB generates a stop condition on the bus.,

“1" = M5T
“1" = TRX
"0" —BB
“1" = PIN

SCL pin

SDA pin

PIN

BB (Read)

Stop condition
vy

(5) Restart

Figure 2-38. Stop Condition Generation

Restart is used to change the direction of data transfer between a master device and a slave device
during transferring data. Restart is re-generated a start condition through start condition to stop

condition.

Specify "0" to the MST, TRX, and BB and " 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 the bus, the bus is
assumed to be in a busy state from other devices. Test the BB until it becomes "0" to check that the
SCL pin of the 87C833/C33/H33 is released. Test the LRB until it becomes "1" to check that the SCL
line of the bus is not pulled down to the low level by other devices. After confirming that the bus
stays in a free state, generate a start condition with procedure (2).

SCL (Bus)

"0* > MST ":;’2":;
0" - TRX wam —
0" —>B8B 1”88
“1% _5PIN “1" = PIN
4.7, (Min.)
— Start condition

SCLpin
(87C833/C33/H33)

SDA pin

LRB

I
R

' N v

PIN

L |

Figure 2-39. Timing diagram when restarting the 87C833/C33/H33

mm 9097249 0027323 940 .
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2.8.6 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 SIO mode.

Serial Bus Interface Control Register 1
SBICR1 7 6 5 4 3 2 1 0
0020w [siosT §6 [ siom  [0" [ sck | (Initial value * G000 0000)
SI0S | Indicate transfer start/stop 0:Stop
1:Start
SIOINH | Continue/abort transfer 0 : Continue transfer
1: Abort transfer (automatically cleared after abort)
SIOM | Transfer mode select 00 : 8-bit transmit mode
01 : reserved
10 : 8-bit transmit/receive mode Writ
o X rite
11: 8-bit receive mode only
000 : fc/26 ( 125kHz)
001 : fc/27 ( 62.5kHz)
010 : f¢/28 (31.25kHz)
) 011 : f/29 (15.62kHz) at fc = 8MHz <°”tP”"°">
SCK | Serial clock select 5CK pi
© 100 : /210 ( 7.81kHz) 5CK pin
101 : f212 ( 1.95kHz)
110 : f215 ( 244Hz)
111 : External clock (input from SCK pin)
Note 1 : fc; high-frequency clock [Hz], * ; don’t care
Note 2 : Set the SIOS to "0” when setting the transfer mode or senal clock.
Serial Bus Interface Data Buffer Register
$BIDBR 7 6 5 4 3 2 1 0
{021y) [ Read / Write
i i 1 1 1 1 1
Serial Bus Interface Control Register 2
SBICR2 5 a 3
{0023, - 76 AR 3 2. L0
o iron cor e [ TsgM ] o ot0n: (itialvalue exax 00%)
00 : Port mode (senal bus interface output disable)
SBIM Serial bus interface operation mode 01: 510 mode Write
selection 10 : 12C bus mode only
11 : reserved
Note 1:+,don't care
Note 2 : Switch a mode to port after data transfer 1s complete.
Serial Bus Interface Status Register
SBISR 7 6 5 4 3 2 1 0
{00235} - S e e T T e
AR Lsior [ ser |
SIOF ] Senal 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 2-40. Serial Bus Iinterface Control Register 1/Serial Bus interface Data Buffer Register/Serial Bus
interface Control Register 2/Serial Bus Interface Status Register in SIO mode
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(1) Serial Clock
a. Clock source
The SCK (bits 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
output to 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 cannot
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
|e——=|

$EK pin output l|1||2| |3' 71 [8 1 2771 [s] 7] [e] I+] [21 |3
oo~ \EXENE B EEEEEGE
S e
Writetransmitteddata:Xa Xb Xc

Figure 2-41. 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 longer than 4 machine cyles is required for both high and low
levelsin the serial clock. The maximum data transfer frequency is 250kHz (when fc = 8MHz).

- -—

tsck tsckH
tsexts tsekn > 4 teyc Note : tcyc = 4/fc (in normal mode, idle mode)

Figure 2-42. External Clock
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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
Data is shifted on the leading edge of the serial clock (at a falling edge ofthe SCK pin
input/output).
® Trailing edge
Data is shifted on the trailing edge of the serial clock (at a rising edge ofthe SCK pin

input/output).
SO pin :\bito X bitt X bitz X bit3 X bita X bits X bite X bit7
Shift register Xs5432197654321 % 765832276543 K 147658 2004765 K s 1002076 s 110047

(a) Leadingedge

ST pin SR .Y . Y Y Y W A Y 0 Y
S pin \bi;tO X bit1 X biz X bz X bita X bits X bite X bit7

Shift register ......n%n.nn 10»-..-.X21(]nn, 3210,“,X432m." 543210"‘Xﬁ54321°' 76543210

(b) Trailing edge Note : *; don’t care

Figure 2-43. Shift Edge
(2) Transfer mode .
The SIOM (bits 5 and 4 in the SIO1CR) is used to select a transmit, receive, or transmit/receive
mode.

.8-bit transmit mode

Set a control register to a transmit mode and write data to the SBIDBR.

After the 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 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 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 5BIDBR by the
interrupt service program.

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 SIOS to “0” before new data is
shifted; otherwise, dummy data is transmitted and operation ends.

o
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Clear SI0S

5105

SIOF

SEF
SCK pin (output)
SO pin

INTSBl interrupt
request

SBIDBR

L
Write transmitted data (a) Internal clock
: Clear S10S

SI0S

SIOF

SEF
SCK pin (input)

SO pin

INTSBl interrupt
request

SBIDBR

Write transmitted data {b) External clock

Figure 2-44. Transfer Mode

Example: Program to stop transmitting data (when external clock is used)

STEST1 : TEST (SBISR) . SEF ; IfSEF=1  then loop
JRS F,STEST1
STEST2 TEST (P3).6 ; fSCK=0 then loop
IRS T,STEST2
LD (SBICR1),00000111B ; SI0S«0
3-268
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SCK pin
SIOF

SO pin

T I

e
bite X b /

R e——
tsopn = Min. 3.5/fc [s] (In normal mode, idle mode)

Figure 2-45. Transmitted Data Hold Time at end of transmit

b.8-bit Receive Mode

Set a control register to a receive mode and the SIOS to “1" for switching to a receive mode.
Data is received from the S pin to the shift register in synchronous with the serial 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 before new data is transferred to the
SBIDBR. 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, conclude receiving data by clearing the SIOS to “0”, read the last
data, and then switch the mode.
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je————— Clearsi05 ———>|

— [ m—
SI0F I \ \('I_
S

SEF

SIOs

SCK pin (output)
Skpin

INTSBlinterrupt
request

SBIDBR J a X b
¥

Read received data Read received data

Figure 2-46. 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 datais
written, set the SIOS 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 data is 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.
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/ireceive 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 byclearing the SIOS to “07,
read the last data, and then switch the transfer mode.
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|€————— Clear5I0§ ——>

sI0s

SIOF

SEF

SCK pin
(output)
SO pin

Slpin ////////

INTSBlinterrupt
request

SBIDBR X a b X d

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

Figure 2-47. Transmit/Receive Mode (Example : Internal clock)

5CK pin I l
SIOF [

50 pin bité X Bt 7 in last transmitted word /

-g———————
tsopu = Min 4/fc [s] (In normal mode, idle mode)

Figure 2-48. Transmitted Data Hold Time at end of transmit/receive
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29 Remote control signal processor/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. When the remote control
signal processorfexternal 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 processor/fexternal interrupt 3 input pin, it can be used
for normal I/Os,

2.9.1 Configuration

fo211 00—
fe/2100—
fe/28
fu27
fc/26 >T
fc/25 R .
22 >>:| i?z:::'t :> Receive bit counter value monitor (RBCTM)
Belector
RNC
Polarity Interrupt
INT3RXIN  [J— Noise canceller o INm
select RNCM select Interrupt
A A INT. request
EINT
Measurement
widthselect |—>|  g.bitup- Remote control receive
selector | counter counter register (RXCTR)
Lo fas 1 Match detect
fc/28 Shift register
5|3 2 L ¢ fg210 SRM
L (fer212 2 4 U
RPOLS RCCK  RMM RCS YCREGA .
Remote control receive
RXCR1 RXCR2 data buffer register
(RXDBR)
Remote control receive Remote control receive
command register 1 command register 2

Figure2-49 Remote control signal processor
2.9.2 Remote control signal processor control

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

Remote control receive control register 1 (RXCR1)
Remote control receive control register 2 (RXCR2)
Remote control receive counter register 1 (RXCTR)
Remote control receive data buffer register 2 (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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Remaote control receive control register 1
RXCR1 7 i 6 5 4 : 3 2 : 1 i 0
(OFDOy) L RCCK IRPOLSI EINT | RNC | (Initial value : 0000 0000}
00: fe/26  [Hz]
01: fc/28
RCCK | 8-bit up-counter source clock select 10 fe/210
1 fu212
RPOLS | Remote control signal polarity select 0: Positive
< signal polarity setec 1: Negative
00: Rising edge
EINT Interrupt source select 01: Falling edge {when RPOLS = 0)

10: Bothedges Rea.dl
11: 8-bit receive end Write

RNC

000 : Noise canceler disable
001 : 2ex7-1/fe [s)
010 :  25/fcx7-1/c

Noise canceler noise eliminating ttme  [011 :  26/fcx 7 - 1ifc

select 100 : 27/fcx 7 - 1/fc

101 28/fcx 7 - 1/fc

1100 20/fex 7 - i/fc

11 2WWfex 7-1/fc

Note :

After reset, RPLOS do 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
(OFD1y) I cReca [ res | l MM ] (Initial value : 0000 0+00)
Match detect time (Tth) = 16 x RCCK x CREGA [s}
CREGA Setting of detect time for match with CREGA = 1~16h
8-bit up-counter upper 4 bits Example : CREGA = 2h, RCCK = f¢/26 [Hz] ,at fc = 8MHz
Tth = 256 [}
: |
RCS | 8-bit up-counter start control ? : :top and counter clear Read/
: Start Write
00:
Measurement mode select (invalid 01:
RMM .
when EINT = "10%) 10: See table 2.6
11:
Note1t: When an interrupt source is set for both edges, low and high widths are forcibly
measured separately.
Note2 : Set CREGA (1~16) before EINT sets to 8-bit receive end.

Figure2-50 Remote control receive control register 1, 2
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Remote control receive counter register

RXCTR 7{5543210
(0FD2)) |

Read Only
{Initial value: 0000 0000)

Remote control receive data buffer register

7 6 5 4 3 2 1 0

RXDBR
(6FD3y) li T T T T T T T J Read Only
(Initial value : 0000 0000)

Remote control receive status register

7 6 5 4 3 2 1 0
wim | [over [ sam [wncm ] (Initial vaiue : 0000 + 000)

RXSR |
(0FD4y)

RBCTM | Receive bit counter value monitor

. 0: No overflow
OVFF | 8-bit up-counter overflow flag 1: Overflow fead
o . 0 : Measurement data < when Tth = “0" Only
SRM | Data buffer register input monitor 1: Measurement data > when Tth = "1

Remote control signal monitor after

RNCM . .
passing through noise canceler

Figure2-51 Remote control receive counter register, data buffer register, status register
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RPOLS EINT RMM Interrupt source Measurement mode
o =
00 10 5 T — e -«
ik I<—>I 2=
or — =
01 10 1 { — | -
0
1 e |<—>
10 — f_—i_j % —>|<-> <->I<—> —
o —
" Receive end
10 — > e
00 —t=
00 10 1 ' 1 I<—> >
i1 — > -
o1 =t 1=
01 10 <>
| Ralnll=N=
1 — = -
10 —_— T—U % — <->I<—> | —
o e
1 Receive end
10 <—>‘ ||

Table2-6 Combination of interrupt source and measurement mode
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2.9.3 Noise elimination time setting

The remote control receive circuit has a noise canceler. By setting RNC in RXCR1, input signals shorter
than the fixed time can be eliminated as noise.

RNC Minimum signal pulse width at fc=8MHz Maximum 'no.ise width to be at f¢=8MHz
eliminated

000 _— —_—

001 {25+ 5)/fc [s] 4.63  [ps] (22x7-1)/fc sl 3.38  [us]

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

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

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

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

110 (213 +5)/1fc 1.025 [ms] (210x7-1)/fc 895.88

111 (214 + 5)/ fc 2 049 (211 x 7~ 1)/ f¢ 1.792  [ms]

Table2-7 Noise elimination time setting
2.9.4 Operation

(1) interrupts at rising, falling, or both edges, and measurement modes
First set EINT and RMM. Next, write “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 (FFH) 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 as one-bit data set to "0” or one-pulse width
remote control signal as one-bit data set to “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 are saved, bit by bit, in RXDBR at the rising edge
of the remote control signal (when RPLOS = 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\

NeRM ] (? ((

RCCK —L__gg-l | l H (\(\ l |

L
count:;?/iatlzz )\ ))-X FE X;\ 2) ﬁ

Set to 1 by command.

RCS I'¢
OVFF ))

o \ /7

o ReSive it~y ) - D,
RBCTM. _n-1 Xn_?/\ 7 /\(\
) \ 0

» : Valid only when 8 bits are received.

Figure2-55 Overflow interrupt timing chart
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2.10 6-bit A/D Conversion (Comparator) Inputs
The comparator input is an analog input to discriminate key input or AFC (Auto Frequency Control) signal
input, etc. The analog input voltage level (pins CIN3 - CIND) can be detected as 64-stage by setting
reference voltage.
The comparator input pins CIN3-CINO can also be used as ports P57 - P54.
When used as a comparator input, the output latch should be setto “1".

2.10.1 Configuration

Comparator input control register

CMPCR
SCIN 3 ECMP N .

i Comparison result register
PST(CIN3) O— _ (\‘
£56/(CIN2) O—] © =

- v
PS5 (CIN1) O— € * COUT3~COUTO
P54(CINO) [} v v Comparator

Comparator input refrence voltage setting register

Figure 2-57. 6-bit A/D Conversion (Comparator) Input
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2.10.2 Control
A/D conversion {comparator) inputs are controlled by a comparator input controf register (CMPCR) and a
comparator input data register (CMPDR). The CMPDR contains a reference voltage setting register
(write-only) and a comparison result register (read-only).

Comparator Input Control Register

CMPCR 6 5 4 3 2 1 0

7
(00Ey) [ECMP] - , SCIN— | (initial value : Oww +000)

0 : Disable Comparator input

ECMP Comparator input control 1 : Enable Comparator input
000 : 1 channel (CINO) write
Number of Comparator 001 ;2 channels{CINQto 1) only
SCIN input channels select 010 : 3 channels{CiNO to 2)
011 : 4 channels (CINQ to 3)
1** :  Reserved

Notel : The CMPCRs a write-only register and must nat be used with any of the read-modify-write
instructions.

Comparator input Data Register

3 2 1 0
CMPDR | SVREF ) } (Inival value :  »x00 0000)
(000F,;)
"1* [couTs [cour2 [ couts [couTo]|
Reference voltage (Vgee) write
=V, VREF + 1 4 [V SVREF = 0 to 63
SVREF setting Vger = Vpp % (5 +1/64[V] ( 063) only
CouT3 . Result of comparing the CIN3 - CINO pin analog input voltage read
© to Comparison result - i
COuTo with the reference voltage. only

Note : *;don'tcare

Figure 2-58. Comparator Input Control Register and Data Register
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2.10.3 Function

Reference voltage (Vrgf) is set with SVREF (bits 5 - 0 in CMPDR).

VRer = Vppx (SVREF + 1)/ 64[V] (SVREF =0~63)

The number of comparator input channels is selected with SCIN (bits 2 - 0 in CMPCR). Sequential
comparison of the selected number of channels is started by setting ECMP (bit 7 in CMPCR) to “1*.

The comparison of one channel requires two machine cycles; therefore, the comparison result register
{COUT3 - COUTO) should be read out at an interval equal to [number of channels x 2 machine cycles]
after setting the reference voltage (Vper). COUT3 - COUTO are set to ¥ 17 if the input voitage (pins CIN3 -
CINO) is higher than the reference volitage (Vger) ; otherwise those are cleared to "0”.

Note 1 :

Note2 :

Note 3 :

Example
LD
LD
LD

LD

When entering STOP mode, ECMP i1s automatically cleared and SCINISVREF are held. And, COUT3 -
COUTO are always set to 1",

Any pins specified for comparator input with SCIN can no longer be used for normal digital input and,
are read outas”0”,

COUT3 - COUTO are read aut as “1” when not used as a comparator input. For example, bits 7 to 3 in
CMPDR are always read out as “1” when SCIN =0103.

Comparates the CIN3-CINO inputs with Vgep = 2.5V (At Vpp = 5V).

{P5), 111111118 ; Setsport PSoutputlatchesto 1%,
(CMPODRY), 000111118 ; SetsVggp=2.5V
{CMPCR), 100000118 ; SetsSCIN to 4 channels and Enables comparator input

; 4chx 2 machine cycles -2
=6 machine cycles wait.

A, (CMPDR) ; Reads CMPDR (COUTO~COUTS3).

- Vrer (V]
1.0
0.0y 0078
Lo by 056

1.0, 0284

v e 4844

FRLUUPTNS SV B VR U0 NUUOOOOR.1:

1 1 1 1 1 1 5 000

Table 2-9. Reference Voltage (at Vpp =5V)
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2.11 Pulse Width Modulation Circuit Qutput

87C833/C33/H33 has 10 built-in pulse width modulation (PWM) channels. D/A converter output can easily
be obtained by connecting an external low-pass filter. PWM outputs are multiplexed with general purpose
/O ports as; P40 (PWMO) to P47 (PWM7), P50 (PWMS), P51 (PWM3). When these ports are used PWM
outputs,the corresponding bits of P4, P5 output latches should be set to " 1°.

2.11.1 Configuration

PWMO

§

PWMS

PWM1

q

s
R

Q
x9

S
R

1

_—I Match signal
T
T

ALL "0”
ALL"0"

Match signal clock

7I6|5I4I3|2|1|—S&w2
NS
Additional

pulse generate
circuit
T T
T L
Data }ransfler buffer

|
lgrl

|
PWMD Data latch

Compare aircuit
T
I T
Data transfler bu‘ffer
=
I
T T
PWN:DBR .
PWM Data Buffer Register

[T
T
0
T
1
0
T T
0026,
1

T
-

T
T
I
T
!

Binary counter

I
|

Figure 2-59. Pulse Width Modulation Circuit
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2.11.2 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 PWM0. 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 Tyy period. The relationship between the 6 bits data
and the position of TS period where the additional puise is generated is shown in Table 2-10.

Bit position of 6 bits data Relative position of Ts where the output pulse is generated.
(No.iof Tg {) is listed)

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

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

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

(2) PWM1 - PWM9I outputs
These are 7-bit resolution PWM outputs and one period is Ty = 28/fc [s]. When the 7bit data are
decimal k (0 = k = 127), the pulse width becomes k x tg. The wave form is illustrated in Figure 2-59.

Ty = 64Ts

Ts ) Tsqy Ts (63)

_ nxty —’|<—t° _>|<ﬂ

PWMO

(5

R g

Pulsewidth=nxty |Pulsewidth= (n+1)tg

<—TN —>|

= UUuLuuyL

1

I Puise width=k x ty

Note 1:  Itisshown to the additional pulse Ts(;) and Ts 53y of the PWMO.
Note2:  Ts=29fc(64ps, fc =8MHz), Ty =28/fc (323, fc = 8MHz)

Figure 2-60. PWM Output Wave Form
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2.11.3 Control

PWM output is controlied by PWM Control Register (PWMCR) and PWM Data Buffer Register (PWIMDBR).
The status of transfer PWM data from PWMDBR to PWM data latch is read by PWMEOT of PWM status
register (PWMSR).

PWM Control Register
Jo.8.5.4 3 2 1 o
PWMCR . PWMDLS 1 (Initial value  #*=x 0000)
(OOZSH) b eeeeer emnees e L 1 1
0000 : Lower 6-but of PWMO
0001 : 8 High-order bits of PWMO
0010 : PWMI1
0011 : PWM2
0100 : PWM3
0101 : PWM4 write
pwmpLs | WM Select and Data 0110 : PWMS only
Transfer 0111 : PWMS6
1000 : PWM?7
1001 : PWM8
1010 : PWM9
1011 : reserved
1100 : PWM Data Transfer
1101 : reserved
111* : reserved
PWM Status Register
LA I S SN SN S SR
PWMSR PWMEOY. "'1.".":“"1" ; " ' "1". "1" :
PWM data 0 : End of Transfer read
PWMEOT End of PWM data transfer flag 1: Under Transfer only
PWM Data Buffer Register
7 6 5 4 3 2 1 0
PWMDBR L . . R : . : write only
(0026H)
Note: *: don'tcare

Figure 2-61. PWM Control Register / PWM Status Register / PWM Data Buffer Register
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(1) Programing of PWM Data
PWM output is controlled by PWM writing the output data to data latches.
For the writing the output data are divided using the PWM Control Register {(PWMCR]).

1. Write the number of the data latch which the data are to be written to the PWMDLS.

2. Write PWM output data to the P?WMDBR.

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

Note : When writing the output data to PWMO, write “0CH” to the PWMDLS after writing of the
14-bits output data is completed.

While the output data are being written to the data latch, the previously written data are being
output. The maximum time from the point at which “0CH” is written to the data latch until PWM
output is switched is 215/fc [s] (4.096ms, at fc=8MHz) for PWMO output and 29/fc [s] (64.us, at
fc = 8MHz) for PWM1 - PWM9 output.

Example :  PWMO pin outputs 32xs pulse width without the additional pulse.
PWMT pin outputs 1645 pulse width.
PWM?2 pin outputs 8us pulse width.
Note : at fc =8MHz

LD {(PWMCR), 00H ; Select lower 6-bit of PWMO
LD (PWMDBR), 00H ; Without the additional pulse
LD (PWMCR), O1H ; Select 8 high-order bits of PWMO
LD (PWMDBR), 80H ;32us + 2/fc=80H
LD (PWMCR), OCH ; PWM Data Transfer
WAITO: TEST (PWMSR). 7 ;PWMEOT =0?
JRS F, WAITO
LD (PWMCR), 02H ; Slect PWM1
LD (PWMDBR), 40H ;1645 + 2/fc=40H
LD {(PWMCR), OCH ; PWM Data Transfer
WAIT1: TEST (PWMSR). 7 s PWMEOT =0?
JRS F, WAIT1
LD (PWMCR), 03H ; Select PWM2
LD (PWMDBR), 20H ; 8us + 2/fc=20H
LD (PWMCR), OCH ; PWM Data Transfer
WAIT2: TEST (PWMSR). 7 ;PWMEOT =07
JRS F, WAIT2
3-288
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2.12  Pulse Output Circuit

(PULSE)

Pulse output circuit generates the pulse clock of duty 50% by dividing the High-frequency clock.
The pulse output is used for the basic clock for the PLL IC or peripheral ICs. When P52 port is used as the
pulse output, set P52 output latch to “1”.

Pulse output control command register
74_ 6 5 4
PULSECR oo
(0027y)

(Initial value *%xx 111x)

SPF

Select pulse frequency on

000 :
001 :
0i0

100 :
101 :
110
"o

for27 [Hz)

fes26

: fgf2s
: fog24

fo/23
fu22

1 reserved
Disable the pulse output

{ 62.5kHz, fc = BMHz )

(125kHz, - )
(250kHz, - )
( 500kHz, - )
( 1MHz, P Rw
( 2MHz, - )

Note : fc; High-frequency clock »; don'tcare

Output latch

Qutput data D

fd/27 >—— A
fe/26 >—— 8
fd/25 >—C
f24 >——D
fu23 >—E
/22 > F

VDDL
H S

SPF

| PULSECR

Pulse Output Control Command Register

P52 (PULSE)

Figure 2-62. Pulse Output Circuit
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2.13 On-Screen Display (OSD) Circuit

The TMP87C833/C33/H33 features a built-in on-screen display circuit used to display characters and symbols
on the TV screen. There are 256 characters and any characters can be displayed in an area of 32 columns x8
lines. With an OSD interrupt, additional lines can be displayed. The functions of the OSD circuit meet the
requirements of on-screen display functions of closed caption decoders based on FCC standards.

OSD circuit functions are as follows:
® Number of characters:
@ Number of display characters :

@ Character matrix :

@ Charactersizes :

® Display colors:
Fringe colors

Background colors :

256 (128in 87C833).
256 (32 columns x 8 lines). With OSD interrupt, nine or more lines can
be displayed.

8 x 9 dots (8 x 13 dots including space around character)

3 (specified by line)
Character colors

7 (one per character)
7 (one per page)
8 (one per page)

® Fringing and smoothing functions (for large, middle, and small characters)

@ Display position :

® Full-raster blanking function
@ Blinking function

@ Underline

@ Solid space

@ Slant function (italics)

@ Window function

2.13.1 Configuration

128 horizontal steps and 256 vertical steps

P60
(Y/BLIN) D

P61 (BIN) [_]

Output signal

P62 (GIN)D—

P63 Dﬁ

{RIN/
FIELD)

TLCS-870CPU
ROM RAM Clock ¢ D XIN
8K/12K/16K bytes || 1K bytes generator _>D XOUT
interrupt
0sC1 D_’ Oscillation 05D control
0sC2 D‘_ circuit -
Horizontal {position } 5 1
counter 3
. > Display memory -
P70 (D) 328 x 14-bits > [
Horizontal position B
decoder 4 ccgggacter " o
@ ol g +
Character ROM N—vi—>{ v
— _hi a
Vertical position oﬁgg f fy 3 Jf'k}i’ts Selr P ->D P67(Y/BL)
counter Character| 3 S « _’D P66 (B)
S data ]
P71 (VD) D P65 (G)
*
decoder

—>|_—_| P64 (R)

Figure 2-63 OSD circuit
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2.13.2 Memories for OSD

(1) Character ROM
The character ROM contains 256 (128 in 87C833) character patterns. The user can set patterns as desired.
The character ROM consists of 256 characters stored as 8 x 9 dots (character codes 00y to FFy). Each bit in
the character ROM corresponds to one dot. When a bit in the character ROM is set to 1, the corresponding
dot is displayed; if set to 0, the dot is not displayed. Using the character code, the start address in the
character ROM can be Calculated as follows :

Start address in character ROM = CRA(1¢) x 16 (1¢)
Note: CRA: Character code (004 to FFy)

Character code 00y is fixed as blank data and cannot be changed to represent a different character. Write
00 in the data of character code 00 at presenting character ROM data.

Figure2-64 shows an example of the character pattern configuration for an 8 x 9 bit character (character
code 01), with the ROM addresses and data.

Set the charactor data in a 6 x 9 dots area put left side, while using slant function.

Figure 2-65 shows the character ROM dump list for the above character pattern.

When ordering a mask, load the data to character ROM starting at address 40004 going to 4FFFy in the
256K-bit EPROM. Write FF for all the data which has ***9,;to ***Fy as an address in character ROM.

Bit

1

]
Address data!? 6 5 4 3 2 1 0
00104 78y

0011y, 84y
0012y 04y
0013y 18y
0014y 04y
00154 04y
0016, 84y
0017y 784
0018y 00y

(Character code 01)

Figure 2-64. 8x 9 dot pattern configuration

0010/ 78 84 04 18 04 04 84 78 00 FF FF FF FF FF FF FF

Figure 2-65. Character ROM dump list

(2) Display memory

Each character of the 256 characters displayed in 32 columns x 8 lines consists of 14 bits in the display
memory. Five data items are written to the display memory: character code, color data, blinking
specification, underline enable, and slant enable. The display memory is in an unknown state at reset.
There are two modes for writing display data to the display memory. One made is used for writing all
display data (character code, color data, blinking specification, underiine enable, and slant enable)
simultaneously. The other mode is used for changing either character codes or the remaining data items
(color data, blinking specification, underline enable, and slant enable). How display data is written to the
display memory is described in section 2.13.3 (24).

Display memory configuration
o Character code specification register (8 bits) .. CRA7to CRAD
e Colordata specification register (3 bits) ....... RDT/GDT/BDT
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e Blinking specification flag (1bit) ............. BLF
e Underlineenableflag(1bit) ................. EUL
e Slantenableflag(1bit) ..................... SLNT

{sint | eue | sie | moT | 6T | BoT | cra7 | cras | crAS | craa | cra3 | craz [ crat | crao |
\ VAN
Color data Character code

Blinking specification flag
Underline enable flag

Slant enable flag

Figure 2-66. Display memory bit configuration

LOLUMN

11213lals|sl7|8]9|t0]|11]12]13]14[15)16]17]18]19]|20|21|22|23|24{25|26|27}28|29)30(31 (32

LINE

1 00l01]02|03{04]05|06|07 |08 |09 joa|oB|oc|oD|oE|oF|10]11|12]13[14[15[16]17[{18]19|1A|1B[1C|1D|1E 1F

2 20(|21]22123|24}25]26|27|28|29]2a 28| 2C|2D ] 2E [2F|30(|31|32|33(34}35|36 (373839 3A 38|3C{3D|3E|3F

3 f4ao|at L SF
4 |0 ™ 7F
5 |80 ' 9F
6 |A0 BF
7 |co N DF
8 {0 ™ FE |FF

Note: Numerals in the table indicate (hexadecimal) addresses in the display memory.

Figure 2-67. Display memory address configuration

2.13.3 OSD circuit control
The OSD circuit performs control functions using the OSD control registers which reside in addresses 0F80H
to 0F98y in the data buffer register (DBR). Section 2.13.3 (28) shows the OSD control registers. To write
data to the OSD control registers, use the normal data buffer register access method. The OSD control
registers are used to set display start position, display character designs (that is, fringing, smoothing, color
data, character size, and etc.), display memory addresses, and character codes.
Setting the display on-off control bit, DON, (bit 0 in ORDON) to 1 enables display (starts display). Setting
DON to 0 disables display (halts display).
For write to or read from the OSD control registers, see section 2.13.3 (25).

(1) Display position
In the horizontal direction the display is divided into 128 segments. The horizantal display start position
can be set to any value within the 128 segments. The vertical display is divided into 256 segments. The
vertical display start position can be set to any value within the 256 segments. The horizontal display start
position is specified by OSD control registers H516 to HS10 (ORHS1). The vertical display start position for
line one is specified using VS17 to V$10 (ORVS1). The vertical display start position for lines 2 to 8 are
specified by setting V527 to V520 (ORVS2) ... VS87 to VS80 (ORVS8).
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Horizontal display start position
Specified Page by Page.
Specification steps : 128

Vertical display start position
Specified Line by Line.

Specification steps : 256
Horizontal display start position register (7 bits)
Lines1to 8: HS$16 to H510 (ORHS1)
Vertical display start position registers (8 bits x 8)
Line 1: V$17 to VS10 (ORVS1)
Line 2: V$27 to VS20 (ORVS2)
Line 8: VS87 to VS80 (ORVSS)

Horizontal display start position
HS1 = {(HS16~H514) X 167 + (HS13~HS10) x 160} x 2Tosc + 10Tgsc
Vertical display start position
When VDSMD = 0, normal mode
Line n: VSn ={{VSn7~VSn4) x 161 + (VSn3~VSn0) x 160} x 1THp
When VDSMD = 1, double scan mode
Line n: VSn ={(VSn7~VSn4) x 161 + (VSn3~VSn0) x 160} X 2THp
Tosc : Onecycle of OSC oscillation

THo : Onecycle of HD signal
HD
C L LI
1
'
_____ o~ e o o e e e e e e e e e e e mm
5 VS1 VS2 V53 VS4 V57 VS8
| s A
]
NS LOTTIETOTTITTTTTTTTITTTTLT] ] vines
1
[}
: LLLTTTTIIT AT OT I T TAT LTI L] | ez
]
o |
> ' Line 3
1
:
¥
i
:
i Lne4
(]
(]
|
i
i Line7
i Line 8
| _ y
I (Settings)
Lines1,2,7,and 8 Display on, small size character specification
Line3 :  Display on, middle size character specification
|: Lined 1 Display on, large size character specification
tines5and6 : Display off

Figure 2-68. TV screen display image
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® Notices for setting horizontal display start position
Lines of OSD (VS1 to VS8) are fixed priority levels as follows:
VS1>VS2>VS3 >VS4>VS5 >VS6 >VS7 > VS8

When horizontal display start positions are met as follows:
VS1=VS2=VS3=VS4S VS55 VS6=VS7 = VS8,
if higher priority level line overlapps lower one, lower one is not displayed.

V$1 (display on) ————

Wl e\ S

Figure 2-69. Occasion of overlapping (V$1=VS2)

Vs1 (display on) ——» -
isplay cancele \\\\\\\N
2@y areied —= NN\

R

vs3 (display on) W//////A

e

Figure 2-70. Occasion of overlapping {VS$1= VS2=VS3)
Then the display line counter (refer to section 2.13. (18)) does not count up canceled lines.

When horizontal display start position is met as follows:
VS$1>VS2>VS3>VS4>VS5 >VSs6 >VS7 > VS8,
if higher priority level line overlapps lower one, lower one is changed to higher one in the middie of

VS2 (display on) —-»

&\\\\\ --------------------------

VS1 (display on) ——|

Figure 2-71. Occasion of overlapping (V51>VS2)

Then the display line counter counts up only one.
If higher priority level line is filled space character, under side of lower one is broken off.

if display lines are overlapped each other, there is a canceled display line. Setaspace for not
overlaping display lines, or set horizontal display start position out of display area.

B 9097249 0027353 bL&s HE 3-294



TOSHIBA TMP87C833/C33/H33

(2) Double scan mode
The OSD circuit has a double scan mode. This enables counting by double steps in the vertical direction to
handle non-interlaced scanning TVs. This mode also enables vertical display position to be set for the
whole screen. Setting the OSD contro! register VDSMD (bit 4 in ORETC) to 1 sets double scan mode;
resetting, normal mode.

Double scan mode select register (1 bit) ........... VDSMD (bit 4 in ORETC)
0t . Normal mode
B Double scan mode

(3) Character sizes and display on/off
There are three character sizes: large, middie and small. One character size can be specified for each line.
Display on/off can also be specified for each line. Character size and display on/off are specified using QSD
control registers €511, €510...CS81, CS80 (ORCS4 and ORCS8).

Character sizes : Large, middle, small
Character size and display on/off specification unit: Line
Character size select/display on/off register (2 bits x 8)
Forline 1:  CS11and CS10 (bits 1 and 0 in ORCS4)
Forline2: €521 and €S20 (bits 3 and 2 in ORCS4)

Forline8: (CS81and CS80 (bits 7 and 6 in ORCS8)

CSn1 [8:431¢] Character size Display on/off
1 1 Small On
1 0 Middle On
0 1 Large On
0 0 - off

Table 2-11. Character size and display on/off specifications(n: 110 8)

VDSMD = 0, VDSMD =1,
(normal mode) (double scan mode)
Dotsize Character size Dot size Character size
Small 2Tose X 1 Thp 16 Tosc x 9 Typ 2Tosc X 2Tp 16 Tosc X 18Tup
FORS = 0
(normal mode) Middle 4Tose % 2 Tup 32Tosc X 18 Tup 4Tosc x 4Thp 32Tosc x 36 Tup
Large 8Tosc X 4 Typ 64 Tose x 36 Typ 8Tosc x 8Tup 64 Tase x 72 Typ
Small 1Tose X 1 Thp 8Tosc x 9Two 1Tosc X 2Thp 8Tosc x 18 Typ
FORS = 1 Mhddi 2T, 2T 16T, 18T 2T x 4T, 16T x 36T,
e X
(double frequency mode) ) osc X HD 0s5C HD 0sC HO 05¢C HD
Large 4Tose x 4 Typ 32Tosc x 36 Tup 4Tosc x 8Thp 32Tosc x 72 Typ

Tosc: One cycde of OSC oscillation  Tup: One cycle of D signal

Table 2-12. Dot and character sizes
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(4) Character configuration
The area for a character consists of 8 x 13 dots: character display area, underline display area, and space
area. A display character is specified by a character code; underline display is enabled or disabled by the
underline enable flag. Figure 2-72 shows a display characterimage.

8

. Space area

24
¢
s

9 ; Characterdisplay area

1 , Spacearea
; Underline area
1 , Spacearea

—d—Dd—dé
e

Figure 2-72. Display characterimage

(5) Smoothing function
The smoaothing function is used to make characters look smooth. Enabling smoothing displays 1/4 of a dot
between two dots which are connected corner to corner within a character as shown in the above figure
2-73. Smoothing is enabled by setting ESMZ (bit 5 in ORETC) in the OSD control register.

Smoothing specification unit: ~ Page

Smoothing specification register (1bit) ...... ESMZ (bit 5 in ORETC)
A No smoothing
i RO Smoothing enabled

(6) Fringing function
The fringing function is used to display a character with a fringe (width is 1/2 dot) which has a different
color from that of the character. For small characters, the fringe width is 1 dot. Fringing width is 1 dot,
when character size is small. when a character has dots which are active on the edge of the 8 x 9 character
area, the fringe exceeds the boundaries of the character area by 1/2a dot (1 dot for small characters). This
accurs on the top, left, and right of the character area is displayed with the maximum of 8 vertical dots
and 9 horizontal dots, the fringe exceeds right and left, and top of the character display area. Ifthereisan
adjacent character whose outer dot is active, then this dot will overrule the fringe in the horizontal
direction.
Underlines are not fringed.
Fringing is enabled for each line by setting EFR1 to EFR8 (OREFR) in the OSD control registerto “1".
A fringe color, which is common to all lines, is specified using OSD control registers, RFDT, GFDT, and BFDT,
(bits 2 to 0 in ORBK). Do not enable both fringing and solid space simultaneously.

Specified Line by line
Fringe color specification unit: Common to all lines (1 color can be selected in 7 colors.)

Fringing enable register (1 bit x 8)

line 1 EFR1 (bit 0 in OREFR)
line 2 EFR2 (bit 1 in OREFR)
line 8 EFR8 (bit 7 in OREFR)
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Fringing specification
EFRn (n: 1to 8)

B U No fringing
B Fringing enable
Fringe color register (3 bits) RFDT, GFDT, BFDT (bits 2 to 0 in ORBK)

Figure 2-73. Smoothing Figure 2-74. Figure Fringing  Figure 2-75. Priority of Smoothing
and Fringing

(7) Background function
The background function is first used to delete the color of areas in the original display page used for
displaying characters (8 x 13 dots per character), then colors those areas with a background color. (Except
for areas whose character code is blank data)
This function is specified for each display page by setting the OSD control register EBKGD {bit 7 in ORBK)
to “1".
A background color is specified for each display page by setting the OSD control registers, RBDT, GBDT,
and BBDT (bits 5to 3in ORBK) to “1”.

Background specification unit: display page (1 color can be selected in 8 colors.)

Background enable register (1 bit) EBKGD (bit 7 in ORBK)
"o No background function
........ Background function enable

Background color specification registers (3 bits) RBDT, GBDT, BBDT (bits 5 to 3 in ORBK)

(8) Full-raster blanking function
The full-raster blanking function is used to first delete the display page colors, then add color to it. Display
page video signal is used to first delete by BL signal. When you use the full-raster blanking function,
output BL signal from Y/BL pin, because you cannot first delete display page video signal by Y signal.
This function is specified for each display page by setting OSD control register EXBL (bit 6 in ORBK) to “1".
Color specification: Same as that for background.

Full-raster blanking specified display page by display page.

Full-raster blanking enable register: . EXBL (bit 6 in ORBK)
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0T No full-raster blanking
........... Full-raster blanking

Full-raster blanking color specification registers (3 bits) ... RBDT, GBDT, BBDT (same as background
color)

(9) fosc frequency select
This function is to select fosc frequency mode. By setting FORS (bit 6 in ORIV) to “1“, the OSD circuit is
operated with clock (2 x fosc)-
fosc frequency mode select register (1 bit) -~ FORS (bit 6 in ORIV)

“Q" « Normal frequency mode
“1" <. Double frequency mode

(10) First/second field phase select
First/second field phase priority select
First/second field phase priority select register (1 bit) - FMS (bit 5 in ORIV)

“0” .- First field has higher priority.
"1 . Second field has higher priority.

(11) Field decision mode select
Reset timing selection for horizontal position counter:
Field decision mode select register (1bit} -+ FRSMS (bit 7 in ORIV)

"0" ..  Resetby afield (reset at falling edge of VD signal)
“1" .. Reset by aframe (reset at falling edge of first field HD signal and falling edge
of 263rd HD signal by a frame)

(12) Character
Characters: 256 (including blank data).
Character specification register (8 bits) - CRA7 to CRAO (bits7to 0in ORCRA)
CRA7 to CRAOQ (in the display memory)

“00" - Blank data
“01" to “FF“ - User programmable by character ROM

{13) Character color
Character colors: 7
Character color specification unit: character
Character color specification register (3 bits) - RDT, GDT, BDT (in the display memory)
RDT, GDT, BDT (bits 2 to 0 in ORDSN)

RDT GDT 8DT Character color

0 0 1 Blue

1] 1 0 Green

0 1 1 Cyan

1 0 0 Red

1 0 1 Magenta

1 1 0 Yellow

1 1 1 White

Table 2-13. Character color
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(14) Solid space control
Solid space control is used to display one column of solid space to the left and right of 32 columns on
a given display page.
Solid space control is used to delete the color in the areas where solid spaces are located in the
original display page, then add color to them.

Solid space specification unit: line

Solid space specification register (16 bits)
Forline1 -+ SOL11and SOL10 (bits 1 and 0in ORSOL4)
Forline2 -- SOL21and SOL20 (bits 3 and 2 in ORSOL4)

Forline8 -- SOL81and SOL8O (bits 7 and 6 in ORSOLS)

Solid space specification
The solid space control functions as follows:
SOL*1/SOL+0
“00” -+ No solid space display
"01” - Solid space display left for 32 columns
“10” - Solid space display right for 32 columns
“11" - Solid space display left and right for 32 columns

Solid space color specification registers (3 bits) - RBDT, GBDT, BBDT (bits 5 to 3 in ORBK)
(same color as that of background)

(15) Underline function
Underline function is used to underline a display character. The underline is same color as that of
character.

Underline specification unit:  Character

Underline enable register (1 bit) -+ EUL(bit4 in ORDSN} (this resides in the display memaory)
"0" = No underline
" - Undertline

Underline color specification registers (3 bits) - RDT, GDT, BDT (bit 2 to 0 in ORDSN)
(this resides in the display memory, same color as
that of character)

* |<———-——8-———->I

1

JiEEEEEE)

Display character area

55235552

EUL=0 EUL=1

Figure 2-76. Underline
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|<—-—-————— 32 columns

- W T T T LTIl ~
soltesheee ’_S“’IIIIIIIIIIIIIIIIIIIH TR = | solseace
ety 5] [TTITITTTITR | *cigrg

Figure 2-77. Solid space
(16) Blinking function
Blinking function is used to blink any display character.
When BKMF = 1, characters specified to blink by BLF are not displayed. {Space is displayed. That s,
if the background color function is used, the background color will not disappear.)

Blinking specification unit: Character

Blinking specification register (1bit) -~ BLF (bit 3 in ORDSN) (in the display memory}
“0" - No blinking
“1" - Blinking

Blinking master flag (1 bit) -~ BKMF (bit 6 in ORETC)
”0" . Blinking function disable
“1" .. Blinking function enable
(Characters whose BLF isset to “1"are not displayed.)

(17) Slant function
Slant function is used to slant characters for italics.

Slant specification unit: Character

Slant enable register (1 bits) -+ SLNT (bit 5 in ORDSN) (in the display memory)
"0" - Noslant
“1" .« Slant

Note: If background and slant functions are enabled simultaneously, background area is also slanted,
because slant function is affected by a character display area.
When fringe exceeds the boundaries of the character area, protruding area is not slanted.
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(18) Multiple line display by OSD interrupt
Nine or more lines can be displayed using OSD interrupts. By changing the display start position and
display data after each line, the additional line will appear on screen.

Interrupt source select register (1 bit) - SVD (bit 7 in ORIRC)
“0" - An interrupt request is generated when scanning of a line specified by the
value setin ISDC is finished (falling edge of HD signal).
“q Aninterrupt request is generated at falling edge of VD signal
Display line counter
4-bit counter used to indicate a line being displayed.
This counter is cleared at the falling edge of the VD signal.
The counter is incremented after the scanning of one line. {falling edge of the HD signal).
The counter is incremented even when a line with all blank data or a line with display on/off bit
off occurs.
The counter is necessary to be read twice, because it does not synchronize CPU.

Display line counter register {4 bits) -+ DCTR (bits 3 to 0 in ORIRC)

“0000” -- Nodisplay line or end of display of line 16
“0001” - End ofdisplay of line 1

“0010” -+ End of display of line 2

“0011” - End of display of line 3

“0100" - End of display of line 4

“0101" - Endofdisplayofline5s

“0110" -~ End ofdisplay ofline 6

"0111" -~ End ofdisplay ofline?7

"1000" - Endofdisplay ofline8

“1001" -- Endofdisplayofiine9

“1010" - End ofdisplay of line 10

“1011" -+ End ofdisplay of line 11

"1100” -+ End ofdisplay of line 12

“1101” -+ End of display of line 13

“1110” - End of display of line 14

“1111" - End of display of line 15

Interrupt generation line specification register (3 bits) - 1SDC (bits 6 to 4 in ORIRC)
When the lower 3 bits in DCTR are set as follows:
“p00" - Interruptrequest generated at display end
"001“ - Interruptrequest generated at display end
“010“ - Interruptrequest generated at display end
"011" - Interruptrequest generated at display end
“100" - Interruptrequest generated at display end
“101" - Interruptrequest generated at display end
“110" - Interruptrequest generated at display end
“111" - Interrupt request generated atdisplay end
3-301
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(19) P6 port output select
This selects whether the contents of port P67 - P64 will be output or R, G, B, Y/BL signals of the OSD
circuit will be output on pins P67 - P64.

P6 port output select registers (4 bits) -~ P67S to P84S (bits 7 to 4 in ORP6S)
"0” - R, G, B, Y/BLsignal output
“1” -+ Port contents output

(20) OSD pin output polarity control
Output polarity control

Qutput polarity control registers (3 bits)
ForBL -+ BLIV (bit 4 in ORIV)
ForY = YIV (bit 3 in ORIV)
ForR,G,and B -~ RGBIV (bit 2 in ORIV)

Output polarity control
**Iv
“0" - Active high
“1" Active low

(21) OSD pin input polarity control
Input polarity control

Input polarity control register (2 bits)
For Y/BLIN - YBLII{bit 1in ORIV)
ForRIN, GIN, and BIN - RGBIi (bit 0 in ORIV)

Input polarity control
**”
"0" - Active high
“1" Active low

(22) Y/BLsignal select
Y signal - Logical OR for R, G, B, charactor pattern, and fringing
BLsignal -+ EXBL (bit 6 in ORBK)
When EXBL = 0 (no full-raster blanking) :
Output in all areas where characters can be displayed.
(except for character code 00y: blank data)
When EXBL = 1 {full-raster blanking) :
Outputin the whole page

Selects of 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
" BLsignal output
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(23) R,G, B, Y/BLsignal select
Selects either R, G, B, and Y/BL signals from the internal OSD circuit, or RIN, GIN, BIN, and Y/BLIN
signals externally input.

R,G, B, Y/BL signal select registers (2 bits) MPXS51/MPXS0 (bits 3 and 2 in ORETC)

“00" Simultaneous output (Signal from the OSD circuit has higher priority.)
“01" Qutput of signal from internal OSD circuit

“10" Output of signal from externally input

" Simultaneous output (Externally input signal has higher priority.)

(24) Display memory access
There are two types of access: write data to the display memory and read data from the display
memory.
The display memory is accessed using the following registers: DMA7 to DMAO, CRA7 to CRAQ, RDT,
GDT, BDT, BLF, EUL, SLNT, MBK, MFYWR, RDWRV.

¢ Display memory read mode specification register (1 bit) MFYWR (bit 0 in ORP6S)
"0* Normal mode

"1 Read-modify-write-mode

¢ Read/write mode select register at normal mode (MFYWR = 0)
RDWRYV (bit 1in ORP6S)
wge

wqn

Data write mode
Data read mode

¢ Display memory bank switching register (1 bit) MBK (bit 0 in ORETC)
Q" Access to either character code or character display options
1 Access to both character code and character display options

Display memory auto increment depends on MBK setting.

Address increment table

¢ Display memory address specification register (8 bits)

* Display memory data access register
@ For character code access (8 bits)

@ For character design access (6 bits)

: No address change at data read or write

ORDSN)

RD WR
Color data Character data Color data Character data
MBK =0 INC INC INC INC
MFYWR =0 MBK = 1 - INC - INC
MBK =0 - - INC INC
MFYWR=1 MBK = 1 - - - INC
INC : Automatic address increment at read or write

DMAY to DMAO (bits 7 to 0 in ORDMA)

- CRA 7 to CRAO (bits 7 to 0 in ORCRA)
SLNT, EUL, BLF, RDT, GDT, and BDT (bits 5 to 0 in

B 5097249 00273k2 bA0 M
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There are two types of display memory access: normal mode and read-modify-write mode.

Caution 1: Don’t use the operation [ LDW (HL), mn | when accessing display memory.

Caution 2 : When reading the display memory data immediately after setting the display memory
address to DMA7 or DMAD, or when continuously reading the display memory data,
insert 2 NOP-instructions in program as following to be stabilized the data.

| DMA7 to DMAGD set

I Display memory data read

| Display memory data read

* jnsert 2 NOP-instructions

* insert 2 NOP-instructions

Example 1: A program before refining
LD HL, OF93H

LD  (HL+), W ;. DMA7 to DMAQ set

LD ¢, (HY ; Display memory data read
Example 2: A program after refining

LD HL, 0F93H

LD (HL+), W ; DMA7 to DMAD set

NOP

NOP

LD C,(HL) ; Display memory data read

3-304
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1. Normal mode
In normal mode, display memory addresses are automatically incremented for every read or write.
Since addresses are automatically incremented, this mode is used for ssimultaneously reading data from
multiple consecutive addresses and for simultaneously writing data to multiple consecutive addresses.

- Display memory read sequence -

@ Set MFYWR to 0. (Setto normal mode.)
@ SetMBKtoOor1.
@ Set RDWRV to 1. (Set to data read mode.)

@ Set the display memory address to DMA7 to DMAO.

® Read data from CRA7 to CRAO, SLNT, EUL, BLF, BDT, GDT, and RDT. (DMA7 to DMAD are
automatically incremented.)

® For continuous read, repeat @ and ®. (For data read from continuous addresses, repeat ®.)
- Display memory write sequence -

@ Same as above.

@ Same as above.

@ SetRDWRV to 0. (Set to data write mode.)

@ Same as above.

® Write data to CRA7 to CRAQ, SLNT, EUL, BLF, BDT, GDT, and RDT. (DMA7 to DMAO are
automatically incremented.)

® Same as above.

2. Read-modify-write mode
in read-modify-write mode, display memory addresses are automatically incremented during a write;
not incremented during a read. Thus, immediately after data is read from a display memory address,
data can be written to the same address. After a write, the display memory address is automatically
incremented.

- Read-modify-write sequence -

@ Set MFYWR to 1.
@ SetMBKtoOor1.

@ Setdisplay memory address to DMA7 to DMAGO.

@ Read data from CRA7 to CRAO, SLNT, EUL, BLF, BDT, GDT, and RDT. (DMA7 to DMAD are not
incremented.)
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® Write data to CRA7 to CRAO, SLNT, EUL, BLF, BDT, GDT, and RDT. (DMA7 to DMAO are
automatically incremented.)

® For continuous read-modify-write, repeat @, @, and ®.
(For read-modify-write at consecutive addresses, repeat @ and ®.

Note: In read-modify-write mode, read only or write only can be executed.

(25) OSD control register write/read
The addresses of the OSD control registers are assigned to the DBR register.
For writing data to or reading data from the OSD control registers, access the DBR register in the
normal way.
The written data is transferred to the OSD circuit and become valid if RGWR register is set to “1".
However, while the display line is being scanned, the data written after the line is scanned is
transferred to the OSD circuit and becomes valid. And, change value of OSD control register after
RGWR is set to “0“. The value is broken, if contents of OSD control register is modified before its
data is transferred to OSD circuit.
The registers for writing data to display memory become valid, when its data is written. (DMA7 to
DMAO, CRA7 to CRAO, RDT, GDT, BDT, BLF, EUL, SLNT, YBLCS, BKMF, ESMZ, VDSMD, MPX, MBK,
P67S to P64S, RDWRV, and MFYWR)

e Written data transfer register (1bit) - RGWR (bit 2in ORDON)
"Q" - Initialized state

»1" .. Transfers written data to OSD circuit. (After transfer, RGWR is reset to 0.)

Coution : Don"t write “0” to RGWR.
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(26) Display on/off
Function used to display a line specified for on/off display.

Display on/off specified page by page

Display on/off specification register (1 bit) -+ DON (bit 0 in ORDON)
"0" - Display disable
1" Display enable

Caution : Don't start STOP mode during display enable.

(27} Window
Function used to set upper and lower limit of page. Window upper limit is specified by WVSH7 to
WVSHO. Window lower limit is specified by WVSL7 to WVSLO. This function is specified by setting
EWDW (bit 1in ORDON) to "1".
Window upper limit specification register (8bit) - WVSH
Window lower limit specification register (8bit) - WVSL

Window upper and lower limit position
When VDSMD =0 (normal mode) :
WVSH = (WVSH7~WVSHO)4 x 1THD
WVSL = (WVSL7~WVSLO)H x 1THD
When VDSMD = 1 (double scan mode) :
WVSH = (WVSH7~WVSHO)y X 2THp
WVSL = (WVSL7~WVSLO)H X 2THp
THp : One cycle of HD signal
Coution : Modify value of window limit registers, while end of display all line through start of
display firstline or line or window upper limit.
Window enable flag (1bit) - EWDW (bit 1in ORDON)
“0" - window specification on
“1" -  window specification off
Coution : Write “0” to EWDW, after looking for rising edge of HD signal by software.

WVSH -=af—-n- % -----
// I~ Only thisarea is displayed.
Setti ondition
WVSL -——ab—men 2 Z WVSL>WVSH [5etting conditio
~

For 34 characters

TV screen

WVSH

£C

B
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< Usage example >
The following can be displayed by combining the window and full-raster blanking functions.

EXBL EWDW Internal OSD BL output

Vertical direction : Character area is only displayed.

0 ) -
0 Horizontal direction : Character area is only displayed.
0 ; Vertical direction : Window area is displayed.
Horizontal direction : Character area is only displayed.
1 0 Vertical direction : Whole page is displayed.

Horizontal direction : Whole page is displayed.

Vertical direction : Window area is displayed.
Horizontal direction : Window area is only displayed.

TV screen image
(EXBL=1, EWDW =1)

T T 0T
ey g
i

TV screen image
(EXBL=1, EWDW =0)
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TOSHIBA TMP87C833/C33/H33

(28) OSD control registers

ORHS1 7 6 5 4 3 2 1 0
0FBON) |
(0FBO) - HS16!HS15|H514|HS13IHS12|H511IHSlOI (initial value  *Q00 0000)
Wit
| H516~10 [ Horizontal display start position 0:,||ye
7 6 5 4 3 2 1 0
(‘;‘:Xf‘) |vs17|vs1s|vs15|vs1a|vs13|vs12|vs11|v510| (Initial value 0000 0000)
H
(‘(’)’;XZSZ) Ivsz7,v526|v525|v524|vsz3|vszz|vsz1|vszo| (Initial value 0000 0000)
H
(‘(’]';X;-") usylvsae]vsss]vsaalv533|vs32]vss1]vs3o| {Inttial value 0000 0000)
H.
3:;:24) Ivs47|vs46|v545|v544|v543|v542|vs41 |vs4ﬂ (Initial value 0000 0000)
H
g’:zgf') |v557lvsss!v555|vss4|vss3|v552|v551Iv550| (Initial value 0000 0000)
H.
(‘(’)*;‘égﬁ) blSG?lVSGG|V565|V864|V563!V562|V561 |v560| (Initial value 0000 0000)
H
3)’;:;’;7) [vs77|vs7s|vs7s|vs74|vs73|vs7z[vs71lvs7o| (nitial value 0000 0000)
H
ORVS8 |vss7|vsss|vsss|vss4|v583|vssz|vsa1[vsso] (Initial value 0000 0000)
(0F88y)
Wit
| Vsn | Vertical display start position for hine n o:,llf
ORCS4 7 6 5 4 3 2 1 0 (n=1~8)
0F89
(0F83) | csa | cs3 | cs2 | cs1 l (Initial value 0000 0000)
1 i 1
ORCS8 | cs8 | cs7 l cs6 | css | {Initial value 0000 0000)
(OF8A) 1 1 1 1
00: Display off
Character size and display on/off for line |01 :Largesize Write
Sn
n 10 :Middle size only
11 :Small size
OREFR 7 6 5 4 3 2 1 0 (n=1~8)
0F8B
(0F88.) |EFR8|EFR7lEFRGIEFRSIEFR4]EFR3|EFR2|EFRI| (Initial value 0000 0000}
0: No fringing Write
EFRN Fringing enable for line n
1: Fringing enable only
(n=1~8)
ORSOL4 7 6 5 4 3 2 1 0
F8C
(OF8C) | soLe ] s0L3 | soL2 [ soL1 | (Initial value 0000 0000)
1 1 1 1
ORSOLS | soL8 [ soL7 | SOL6 [ soLs | (Initial value 0000 0000)
(0F8D) - L L !
00: No solid space display
01 :Solid space display left for 32
columns .
Write
SOtn Solid space enable forline n 10 - Sohd space display right for only
32 columns
11 :Solid space display left and
night for 32 columns
(n=1~8)
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TOSHIBA TMP87C833/C33/H33
ORBK 7 6 5 4 3 2 1 0
(OF8ER)
" [esxco] exaL [reDT |GBOT | BEDT [reo7[aroT{BFDT]| (initial value 0000 0000)
R 0. Nobackground function
EBKGD Background function enable 1: Background function enable
. : No Full- |
EXBL Fuli-raster blanking enable ?: Flﬂ]_:'glst':,sﬁ;:k?gslng
000: Blad
80(1): Blue
10: Green
RBDT/ .
GBDT/ Background color select (1)(1)(1) : ﬁia&" i
8BOT 101 : Magenta Write
110:  Yellow only
111:  White
D07: Blue
010: Green
RFDT/ . 011: Cyan
GFDT/ Fringing color select 100: Red
BFDT 101: Magenta
110:  Yellow
111 White
ORETC 7 6 5 4 3 2 1 0

(OF8F) IHCS!BKMFIESMZ ivDSMD| MPXS I

ORIRC
(OF90y)

" iMBK| (Initial vaiue 0000 0000)

. : |
YBLCS Y/BLsignal select o B ot
K 0: Blinking Tunction disable
BKMF 8linking master flag 1 : Blinking function enable
B il
ESMZ Smoothing enable ? . ?n?l;g‘t%?nglggable
: ]
VDSMD Double scan mode select ?: '33[,",;,‘; gc‘:::wde
00 : Simultaneous output {Signal
from the OSD circuit has higher Write
. priority.)
MPXS R, G, B, Y/BLsignal select 01 : Output of signal from internal anly
Q3D circuit
10 : Qutput of signal from externally
input
11 : Simultaneous output (Externally
input signal has higher priority.)
0 Access to et erc:I aracter code
. s or character display options
MaK Display memory bank switching 1: Access to both cha!ac?er code
and character display options
7 6 S 4 3 2 1 0
| VD | 1sDC DCTR J {Initiai value 0000 0000)
L I I3
07 interrpt request by ISDC value
VD Interrupt source select 1: interruptrequest at fallingedge | write
of VD signal
1SDC Interrupt generation line select only
DCTR Display line counter read only

g 5097249 0027369 Tus W
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TOSHIBA TMP87C833/C33/H33
ORP6S 7 6 5 4 3 2 1 0
0F91 R
(0F91,) [ pe7s [ pees [ pess [peas| . (Initial value 0000 **00)
P675~P6AS | P6 port output select ot oL signal output _
Read/write mode seléct at normal 0 Data write mode Write
RDWRV mode 1: Dataread n:’ode only
. 0 Normal mode
MFYWR Display memory read mode 1:_Read-modify-write-mode
ORIV 7 6 5 4 3 2 1 0
0F92,
¢ W LFRSMSI FORSI FMS | BLIV | Yiv |RGBIV| YBLI lnearl (initial value 0000 0000)
. . 0: Fiel
FRSMS Field decision mode select 1. F;:rg:rdlr:it
0. Normal frequency mode
FORS fosc frequency select 7. D°u2|e|gehqu%nc¥1m°de
. 0 Firstfield has higher priorit:
FMS First/second field phase select 1: ,Zecond field haf’highir p,ig,ity
: tiveh .
BLIV BL output polarity select ?: Aztsz: k;a, Write
0: Active high
Yiv Y output polarity select 1. Act;;e L‘;g,h only
. T Act
RGBIV R, G, B output polarity select (1); AEJ:Z{?'%
0: Act R
YBLII Y/BLIN input polanty select 1 Active 'réal
. . 0: Act h
RGBII RIN, GIN, BIN input polarityselect 17 Actie oy
ORDMA 7 6 5 4 3 2 1 0
QF93
(0F93) |DMA7|DMA6|DMA5IDMAaiDMAzlwAzloMm|DME| (initial value 0000 0000)
Write
LDMA7~0 I Display memory address only
ORDSN 7 6 5 4 3 2 1 (]
0F94 s
(0F34r) [sint] eut | Bir [ RoT [ GoT [ 80T | (nitialvalue +xx xxs)
. B lant
SLNT Slant enable {1 ostan
0: Nounderline
EUL Underitne enable 1: Uﬁé’er,me
0" Noblinkin
BLF Blinking enable 1: Bl?nki'nq 9
001: Blue RIW
010: Green
RDT/ 011: Cyan
GDT/ ch + ) lect 100: Red
o1 aracter color sele 01 Mt
110:  Yellow
111:  White
ORCRA 7 [ 5 4 3 2 1 0
O0F95
(0F95H) [CRA7ICRA5lCRA5|CRA4|CRA3 |CRA2 [crat [cRAO| (nitial value *xxx *xx%)
[ CRA7~0 I Character code RAW
3-311

BN 9097249 0027370 767 WA




TOSHIBA TMP87C833/C33/H33

ORDON 7 6 5 4 3 2 1 0

0F96
(0FS6K) m (Initial value  **** 0000)

B (Imtlafl state) g

. : Transfers written data to OSD

RGWR Written data transfer control circurt. (After transfer, RGWR 15
reset to 0.)

T Window specification off W

. Window specification on

. Display disable

: Display enable

-

EWDW Window enable

— O = O

DON Display on/off select

ORWVSH 7 6 5 4 3 2 1 0

(0F97) vasmvasuslwvsnsiwvsualwvsuz|wvsuz|wvsm |WVSHOI (Imtial value 0000 Q000)

l WVSH7~0 | Window upper limit position I Vgﬁ'fye J
ORWVSL 7 6 S 4 3 2 1 Q
(0F98,) | wvsL7 | WVSLE | wysLS | wysLa vasn.3 | wvsL2 I wusL | wsto [ (Initial value 0000 0000}

I WVSL7~0 | Window lower limit position vgrl;'ltye I

Note 1:*; don't care

Note 2: All OSD control registers cannot use the read-modify-write instructions (bit manipulation
instructions such as SET, CLR, etc. and logical operation such as AND, OR, etc.)

Note 3; Write "0 to bit 1 of ORETC when writing to ORETC.

Note 4: Write "1 to bit 3 of ORDON when writing to ORDON.

Note 5: The registers of ORHS1, ORV51 to ORVS8, ORC54, ORCS8, OREFR, ORSOL4, ORSOL8, ORBK, ORIRC,
ORIV, ORWVSH, and ORWVSL are changed by RGWR. Bits 2 to 1 in ORDON are also changed by
RGWR.
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TOSHIBA TMP87C833/C33/H33

2.14 Slicer interface (SIF)

16-bit serial interface used to receive serial data from the slicer.
Connected to the slicer via the P32 (CCLK) and P33 (CDATA) pins.

The slicer interface pin is also used as the P3 port. When the pin is used as the slicer interface pin, set port
P3 to input mode.

2.14.1 Configuration

SIFMR (OF9B) SIFDRO (OF98,,) SIFDR1 {GF99y) SIFSR (OF9AY)
SIF mode setting register SIF data register 0 SIF data register 1 SIF status register
{4 bits) (8 bits) (8 bits) (3 bits)
a o S Ple_a

T 5o |

I
CDATA I l—> Integration B
arcuit ] B_B't .
cL Lk shiftregister
l— =5
CCLK Delay
arcut ¢ . .
cL Control circuit
f a
fc RES3

VD D— Reset circuit INIT

o
T L > Interrupt request

(Interrupt pin)

LINE21

Figure 2-78. Slicer interface
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2.14.2 Control
The SIF is controlled by SIFMR, SIFDRO, SIFDR1, and SIFSR.

Slicer interface mode setting register

SIFMR oo Zeen 6 .. 3

5 . .4 3 2 1
org) ;. . [__oms

0
SMDS | (Initial value : ++*+ 0000)

DTMS CCLK delay time select (fc = 8 MHz)
“00" -+ Noshift
01" - 2/fcshift
“10" ---  4rcshift
“11" - oifcshift

(Write only)
SMDS CDATA digital integration mode select
“*Q" - Nointegration.
“01" -+ Integration by 3-bit up-down counter (mode 2)
“11" - Integration by 2-bit up-down counter (mode 1)
(Write only)
Slicer interface register
SIFDRO 7 6 5 4 3 2 1 Q
(OF98y) SIFDO | anitial value : 0000 0000)
SIFDR1 7 6 5 4 3 2 1 0
(0F99,) | SIFD1 | nitial value : 0000 0000)
SIFDRO Receive data lower 8 bits (Read only)
SIFDR1 Receive data upper 8 bits (Read only)

Slicer interface status register
SIFSR

. 3. 1 0
e , (trutial value : #+ % *000)

STCK Field decision flag
#1% . Pperiod of time from the first CCLK rise to VD fall in the first field
“0* - Otherthanthe above

(Read only)
STSB  Start bit decision flag
“4% ... Pperiod of time from CCLK rise at start bit receive to VD fall in the first field
“Q” -« QOther than the above
(Read only)
STDE 16-bit data receive end decision flag
#q% ... Period of time from CLK rise when 16-bit data are received in the first field
and its upper 8-bits of data are setin data register 1 (SIFDR1), to VD fall
“p” -+ Otherthan the above
{Read only)
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TOSHIBA TMP87C833/C33/H33
INPUT/OUTPUT CIRCUITRY
(1) Control pins
The input/output circuitries of the 87C833/C33/H33 control pins are shown below.
CONTROLPIN [lle] INPUT/QUTPUT CIRCUITRY REMARKS
Osc. enable _)_——-—_—_D"_—> fc Resonator connecting pins
AAA (ugh-frequency)
XIN Input L Ri
XOuT Qutput RS =Ro Re =1.2MQ (typ.)
Ro =1.5kQ (typ.)
XIN XOUT R o=ta  (yp)
VoD Sink open drain output
Riv R Hysteresis input
RESET o Address trap reset Pull-up resistor
Watchdog timer reset ~a Rin=220k3 (typ.)
System clock reset
R=1kQ (typ.)
— Dok~ Hysteresis input
STOP/INTS Input K
(P20) 1
P20 ~J R=1kQ (typ.)
STOP/INTS <
R Puli-down resistor
Ry =70k02 (t
TEST Input Ris W typ)
R=1kQ (typ.)
Osc. enable —>—:‘D,___> fosp Osc. connecting pin for on-
I screen display
——A—t
0sC1 Input L Ry L
0s5C2 Qutput RZ =Ro Ry =t12MQ  (typ)
Ro =1.5kQ (typ.)
R =1kQ (typ.)
osct 0sC2
3-316
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TOSHIBA TMP87C833/C33/H33
(2) Input/Output Ports
The inputoutput circuitries of the 87C833/C33/H33 I/O ports are shown below.
PORT o INPUT/QUTPUT CIRCUITRY REMARKS
initial "Hi-2" Sink open drain output
P20 o
—{>o——| -
R R=1kQ
!
~J
intal "Hi-2" Sink open drain output
Hysteresis input
P3 1o s o |
R
@ R=1kQ
P4 initial "Hi-Z" VDD Tri-state /O
P64 10
i disable > < R
P67 P R= 1kQ {typ.)
~J
initial "Hi-2” Sink open drain output
P5 o R
<1
~J R=1kQ
initial “Hi-2" Sink open drain output
High current output
P60 lot = 20mA(typ.)
disable )::):>°—I g
§ o R
P63 1
~ R=1kQ
imtial “Hi-z"” Sink open drain output
Hysteresis input
P70 —>o—]
7o
P71 R
@ R =1k

3-317
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TOSHIBA TMP87C833/C33/H33

ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS (Vss=0V)
PARAMETER SYMBOL CONDITION RATINGS UNIT
Supply Voltage Voo -0.3t06.5 A
input Voltage Vin -0.3toVpp+0.3 \
Output Voltage Vout1 -0.3toVpp+0.3 \
louTt Ports P2, P3, P4, P5, P64 to P67, P7 3.2
Qutput Current (Per 1 pin} mA
lout2 P60 to P63 30
ZloyT1 Ports P2, P3, P4, P5, P64 to P67, P7 120
Output Current (Total) mA
Slourz |P60to P63 120
Power Dissipation [Topr = 70°C] PD 600 mwW
soldering Temperature (time) Tsld 260 (10s) °C
Storage Temperature Tstg —-551t0 125 °C
Operating Temperature Topr -30t070 °C

RECOMMENDED OPERATING CONDITIONS | (Vss=0V, Topr= -30t0 70°C)

PARAMETER SYMBOL PINS CONDITIONS Min. Max. UNIT
NORMAL mode
feaBMHz e ode 45
Supply Voltage Voo = NORMAL mode 5.5 v
4.2MHz IOLE mode 27
STOP mode 20
Vi1 Except hysteresisinput Vppx0 70
Vpp Z 4.5V
Input High Voltage Vinz Hysteresis input Voo x0.75 Voo A
Vina Vpp<4 5V Vpp x 0.90
Vin Except hysteresis input Vpp x0.30
VppZ 4.5V
Input Low Voltage Vi2 Hysteresis input 0 Vppx0 25 v
Vi Vpp<4.5V Vppx0 10
Vpp=4.5~5.5V 8.0
fc XIN, XOUT 1
Clock Frequency Vpp=2.7~5.5V 42 MHz
fosp | OSC1, 05C2 - 8.0

Note: fc: The condition of power supply voltage is limited to NORMAL1, NORMAL2, IDLE1 and IDLE2 mode.
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TOSHIBA TMP87C833/C33/H33
D.C. CHARACTERISTICS | {Vss = OV, Top, = — 30 t0 70°C)
PARAMETER $YMBOL PINS CONDITIONS Min | Typ. | Max | UNIT
Hysteresis Voltage Vis Hysteresis inputs - 09| - v
Ly TEST Vop=5.5V, Viy=55vV/0V - _ +2
linz Open drain ports Vpp= 5.5V, Vijy = 5.5V - - 2
Input Current PA
i3 Tri-state ports
- - +2
J Vpp=5.5V, Viy=55V/0V -
Ing | RESET,STOP oo W
Input Resistance Rinz RESET 100 220 | 450 kQ
Output Leakage Open drain ports and _ _
Current o tri-state ports Vpp =5.5V, Voyr=5.5V - - 2 pA
Output High
puthig Vouz | Tni-state ports Vpp=4.5V, lgn= -0.7mA 41| - - ]
Voltage
Output Low Voltage | Vo Except XOUT Vpp=4.5V, lgL=1.6mA - - 04| V
Output Low Current { lo13 P60 to P63 Vpp =4.5V, Vg =1.0V - 20 - mA
;‘g’:&:::"e:t n Vpp=5.5V - 10| 18 | ma
P '"°nte_ fc = 8MHz
upplyturrentin  1p Vin=5.3V/0 2V - 45| 10 | ma
IDLE mode
Supply Currentin Vpp=5.5V _ os| 10 wA
STOP mode Viy=53v/0 2V
Note 1 : Typical values show those at Top, =25°C, Vpp =5V.
Note 2 : Input Current The current through pull-up or pull-down resistor 1s not included.
Note 3 : Typical current consumption duning A/D conversion is 1.2mA.
A/D CONVERSION CHARACTERISTICS (Ves = OV, Vpp=4.5 10 5.5V, Topr= - 30 to 70°C)

PARAMETER SYMBOL PINS CONDITIONS Min Typ Max UNIT
Analog Input Voltage Range Vain CIN3 to CINO Vss - Voo \
Conversion Error Vpp=50V - - 15 LSB
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TOSHIBA TMP87C833/C33/H33
| A.C. CHARACTERISTICS J (Vss = OV, Vpp =4 510 5.5V, Topr = ~ 30 10 70°C)
PARAMETER SYMBOL CONDITIONS Min. Typ. Max. | UNIT
In NORMAL mode
Machine Cycle Time tey 0.5 - 10 s
In IDLE mode
High Level Clock Pulse Width twen For external clock operation 25
. i - - - ns
Low Level Clock Pulse Width twel (XINinput), fc= 8MHz
RECOMMENDED OSCILLATING CONDITION J (Vgs = OV, Vpp=4.5t0 5.5V, Topr= - 3010 70°C)
RECOMMENDED
RECOMMENDED CONDITIONS
PARAMETER OSCILLATOR FREQUENCY
OSCILLATOR C C
8MHz KYOQOCERA KBR8.0M
Ceramic Resonator 30pF 30pF
KYOCERA KBR4.0MS
4MHz
. MURATA CSA4.00MG
High-frequency
8MHz TOYOQCOM 2108 8.0000
Crystal Osaillator 20pF 20pF
4MHz TOYQOCOM 2048 4 0000
6MHz TOKO A285HCIS-13319
osD LC Resonator - -
12MHz TOKO TA285HCIS-13306
XIN *ouT
(1) High-frequency (2) LC Resonator for OSD
Note:  An electrical shield by metal shield plate on the surface of the IC package should be recommendable in order to

prevent the device from the high electric fieldstress applied from CRT (Cathode Ray Tube) for continuous
reliable operation.
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