TOSHIBA TMP87C833/C33/H33

CMQOS 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
T TMPBICCIIN | 12K bytes | 1K bytes SDIP42-P-600 | TMPB7PHI3N
TiPg7CHIIN | 16k bytes

FEATURES
4 8-bit single chip microcomputer TLCS-870 Series
@ Instruction execution time : 0.5.s (at 8MHz)
€412 basic instructions
® Multiplication and Division (8bits x 8bits , 16bits + 8bits)
® Bit manipulations(Set/Clear/Complement/Mave/Test/Exciusive Or)
® 16-bit data operations
® 1-byte jump/subroutine-call (Short relative jump / Vector call)
& 14interrupt sources (External : 5, Internal: 9)
® All sources have independent latches each,
and nested interrupt control is available,
¢ 4 edge-selectable external interruptswith noise reject
® High-speed task switching by register bank changeover
¥ 6 Input/Output ports (34 pins)
# High current output : 4pins (typ. 20mA)

SDIP42-P-600

¥ Two 16-bit Timer L\Mn';g;ggg:
€ Two 8-bit Timer/Counters TMPSTCH33N
® Timer, Eventcounter, Capture (Pulse width/duty measurement)
modes
4 Time Base Timer (Interrupt frequency : 1Hz to 16kHz)
¥ Watchdog Timer

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

® 12C-bus/8-bits SIO modes
4 On-screen display circuit

® Character patterns : 256 characters

® Character displayed : 32column 8lines

® Composition 1 8x9dots

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

® Color of character : 7 kinds {character by character)

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

® Fringing, Smoothing function

¢ Conformto US CLOSED CAPTION DECODER REGULATION
€ PWM outputs

® 14-bit PWM output (1 channel)

® 7-bit PWM outputs (9 channels)
4 6-bit A/D conversion input (4 channels)
@ Pulse output (Clock for PLLIC)
@ Remote control signal processar

Twao Power saving operating modes
® STOP mode : Oscillation stops. Battery/Capacitor back-up. Port
output hold/high-impedance. .

e IDLE mode : CPU stops, and Peripherals operate using high-frequency clock. Release by interrupts.
@ Wide operating voltage : 2.7~5.5V at 4.19MHz, 4.5~5.5V at 8BMHz
& Emulation Pod : BMS87CH33NDA
& 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 12 C system, provided that the system conforms to the I? C Standard Specification as defined by
Philips.
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TOSHIBA TMP87C833/C33/H33
PIN ASSIGNMENTS (TOP VIEW)
SDIP42-P-600 (PWNI0) P40 <—>{] 1 -’ 22 fle—voD
(PWMT) P41 =[] 2 41 [l=—>P33(CDATA/TC4)
(PWWVI2) P42 = 3 40 [J=>-P32(CCLK)
(PWM3) P43 =[] 4 39 [l«—>P36(50/INT4)
(PWN4) Paq <«—>{] 5 38 [J=—>P35(51/5DA)
(PWIVTS) P45 <—-{] 6 37 [l~—>P34 (SCK/5CL)
(PWNB) P46 =—>[] 7 36 [J=—>P31(TC3)
(PWN7) P47 <~>[| 8 35 [l«—P30{INT3/RXIN)
(INTO/PWMB) P50 <[] 9 34 [J«—>pP20{INTS/STOP)
(PWM3I) P51 =[] 10 33 [J=—>RESET
{TC2/PULSE) P52 =[] 11 32 [ XO0uT
(INT2/TC1) P53 =[] 12 31 [J=—XIN
{CINO) P54 =—>[| 13 30 [J~=—TEST
(CIN1) P55 <—>[] 14 29 [—>05C2
{CIN2) P56 <[] 15 28 [}«—05C1
(CIN3) P57 ~—>=[] 16 27 [fe—=P71 (VD)
(¥/BLIN} PEO =—=[] 17 26 [J=—=P70 (AD)
(BIN) P61 <[] 18 25 {Je—P67 (Y/BL)
{(GIN} P62 =—=[] 19 24 [J=—>P66 (B) O Ports
(RIN/FIELD) P63 <[] 20 23 [le—>P65(G) /_/;\
vss—[ 21 22 [le—>P64(R) per P
BLOCK DIAGRAM P60 P70
—
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| 0 |
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— [ 3 G
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ResetlO  RESET System Controller
Testpin TEST Interrupt Controller l Program Memory
ROM
»| Standby Contraller T \ f T T 1 1 ¢ '
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Resonatar | XiN el | T1C2 T3 | TCa 10
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s NLI L
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TOSHIBA TMP87C833/C33/H33
PIN FUNCTION
PIN NAME Input/Output Function
1-bit input / output port with latch  When used as .
P20 (INTS/STOP) (/O {Input) an input port, or an interrupt INPut/STOP mede E.Xtem.al intrrupt input 5/ STOP mode release
release signal Input, the latch must be setta *1” signal input
P36 (SO/INT4) fleX{e ¥1)] $10 senal clock output/External mtrrupt inputa
P35(SD N S.I) . II.O (FIO/Ip.put) 1 7-bit input/output port with latch. 'Z.C_b us.se."a_lda‘a_ " p.ufm.u'.:puys."?.s.e".aldat.a ey
P34 (SCL/SCK) O (fONnput) | When used as an input port, a serial | RCbusserial clock nput/autput or $I0 senal clock input
TR SR o e . P . J_ . . me mwre s mm s mes s ma s em s mm o4 aws W arer 4 dremreess
P33 (CDATA) !nterface inputfoutput, a. timer/counter Caption data input
v O (Hnput) input, a remote control signal processor [ -« o0 e e e
PR2(CCL) | Jineut, slicer interface, or an intrrupt | Coptiondlockinput
P31(TC3) IO {Input) input, the latch must be set to “17. Timer/Counter 3 input
External intrruptinput 3/ remote control
P30 {INT3/RXIN) /O {input/input) pLInp
signal processor input
8-bit programable input/output port
P47 (PWNM7) (tni-state). Each bit of this port can be b
~P41 (PWMT) individually as an input or an output 7-bit PWM outputs
_______________________ /0 {Output) under software control. During reset,
ali bits are configured as inputs When
P40 (PWNMNIO) used as a PWM output, the latch must | 14-bit PWM output
hesetto "1".
P57 (CIN3) I{eR (! t) C tori t:
~P54 (CINO) npu omparator inputs
ot R 18-bit input/output portwithlatch. | *~ = 0ot e e
P53“NT2 lTC1) IIO reveewee . . JWhen used as an input port, a PWM EXtema' mfe.".uD.t mplffzr.nm?r’.c.o.unt.eﬂ'r.'p.m. e
P52 (PULSE/TC2) output, or a pluse output, the latch | puise output (Clock for PLE IC) Mimer/Counter 2 input
P51 (PWMID) VO (Outpuy)  |MUstbesetto™ , . .
e s 7-bit PWM outputs/External intrruptinput 0
P50 (PWMB/INTO)
P71 (V—D-) 2-bit input/output port with latch  When used as Vertical synchronous signal input
o . VO (Input) an input port, a vertical synchronous signal input, | T
P70 (HD) :u:tlzr:::r: :xchmnous sgnalinput, the ateh | | o zontal synchronous signal input
P67 (Y/BL) 8-bit programable input/output port
s e e (P67 10 P64 : tri-state, P63 to P60 : High
PGG(B) o current output). Each bit of this port
P65 (G) 170 (Output) can be individually as an input or an | % G. B, Y/BLoutput
A output under software control. During
Pea(R) | | reset, ali bits are configured as inputs. | . _
P63 (RIN/FIELD) When P67 to P64 port used as port | ginpyyField status input
- output, bits 7 to 4 of address OF9 Ty must | - - - e e
P62 (GIN) besetto "1".
P61 (BIN) V0 When P63 to P60 port used as RIN/FIELD, | G. 8, Y/BL input

P60 (Y/BLIN)

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

05C1, 0sC2 Resonator connecting pin of on-screen display circuit.

e .. Input, Output e e e e e eveeeeeeeie s e e
XIN, XOUT Resonator connecting pin {High frequency} For mput 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 low.
VDD, VSS Pawer Supply + 5V, OV (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 87€833/C33/H33. In the TLCS-870 Series, the memory is organized 4 address spaces (ROM,
RAM, SFR, and DBR). It uses a memory mapped I/O system, and ali 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 [ 0000H [ ¢4 bytes 00001 | g4 pytes 0000H | g4 bytes
Q03F 003F 003F
9040 0:040 0040 Register banks
. 128 bytes . 128 bytes 128 bytes (8 registers x 16 banks)
Q0BF| . ... .. (1101 3 ST . QOBF | ... - .
RAM
O-OCIJ goco 0oca Note ROM; Read Only Memory includes.
: 896 hytes ; 896 bytes 896 bytes Program memory
Q43F d43|: : 0 43F ] RAM , Random Access Memory includes.
X = 5= o = Data memory
OF80 dF8o 0F80 Stack
: : : General-purpose register banks
DBR 128 bytes 128 bytes . 128 bytes SFR,  Spewal Function Register
\ (:)FFF OFFF QFFF ] ncludes.
Rt = o = -~ =~ 0 ports
4000 4000 | 4000 Peripheral control registers
CHARACTER ; : Peripheral status registers
ROM ) 128 bytes 128 bytes 128 bytes System control registers
N 4FFF ! 4FFF AFFF - } Interrupt control registers
X = 5 i Program Status Ward
/€000 T ™~ _ DBR, Data Buffer Register includes-
. DOO0O | o ~ On-Screen Display (O5D)
: N Remote-control signal
i See E_ODD preprocessor { status registers
ROM Figure 1-2 : See :
: Figure -2 | See
: Figure 1-2
\  FFFF FFEF FFFF
87CH33 B87CC33 87C833
€000y
D000y
: : ; 7936 bytes
FFOO . @ eeanas FFOO - FFOO s oear e 4 owr eman s
. 192 bytes ; 192 bytes i 192 bytes
FFBF FFBF FFBF
FEco " FECO | FECO |~
FFDF 32 bytes FFDF 32 bYtES FFDE 32 bytes ] Vector table for vector catl Entry area for
FFEQ ot FFEQ o FFEQ| = R instructions {16 vectors) page cail
: 32 bytes : 32 bytes : 32 bytes Vector table for nterrupts! | inctructions
EFFF FFEF FFFF reset {16 vectors)
87CH33 87CC33 87C833

Figure 1-1. Memory Address Map
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TOSHIBA TMP87C833/C33/H33

1.2 Program Memory (ROM)
The 87C833/C33/H33 has an 8K/12K/16Kbytes (addresses £0004/D000/CO00K-FFFFY) of program memory
(mask programmed ROM).
Addresses FFOOQ-FFFFH in the program memory can also be used for special purposes.

(1) iInterrupt/ Reset vectortable (addresses FFEOy-FFFFL)
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) Vectortable for vector call instructions (addresses FFCOR-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 FFO04-FFFFy) for page call instructions )
This is the subroutine entry address area for the page call instructions [CALLP n]. Addresses FFOQu-
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 cancepts of page or bank boundaries are not used in the program

memaory concerning any jump instruction.

Address ROM
Example. The relationship between the cooo contents
jump instructions and the PC. E"gé’o
(D 5-bit PC-relative jump [JRS cc, $ +2 +d] Example : ;::vzi’:’;iggsMhigontents
E8CAH: JRS T, $+2+08H £F00 and Call group
When JF = 1, the jump is made to ESCEy, : instructions/Interrupt/
which is 08y added to the contents of the | Reset
PC. (The PC contains the address of the T T
instruction being executed+2; | FF7B [ | CALLP 7BH  ; PCeFF7By
therefore, in this case, the PC contents | prgr
are E8C4H + 2 =E8CHR.) FFCO call vector (L) S6 CALLV 0OH ; PCe«(856y
FEC1 | call vector (H) | C8
@ 8-bit PC-relative jump [IR ¢¢, $+2 +d] FFC2
EBCAH: IR Z, $+2+80H :
When ZF =1, the jump is made to E846, :
which is FF80y (-128) added to the | FFDF
current contents of the PC. FFEQ |interruptvector(L}) 68 INTS i PCe D368y
FFE1 [interrupt vector (H)| D3
@ 16-bit absolute jump [IP a] FFE2
E8C4H : JP 0C235H '
An unconditional jump is made to | FFFD
address €2354. The absolute jump | FFFE | resetvector(l) |3E RESET i PCCO3Ey
instruction can jump anywhere within | FFFF [ _resetvector(H) |co

the entire 64K-byt .
€ entre yte space Figure 1-2. Program Memory Map

In the TLCS-870 Series, the same instruction used to access the data memory (e.g. [LD A, (HL}] ) is also used
to read out fixed data (ROM data) stored in the program memory. The register-offset PC-relative
addressing (PC + A) instructions can also be used, and the code conversion, table look-up and n-way
multiple jump processing can easily be programmed.
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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 = 054,924 is
output to port PS after executing the following program:

ADD A, TABLE-$-4 ; P5&ROM (TABLE + A)
LD (P5), (PC+A) &
JRS T, SNEXT ; Jump to SNEXT fgégb
TABLE: DB OCCH, OF9H, 0A4H, OBOH, 99H, 92H, 82H, 0D8H, BOH, 98H e gc
SNEXT: Q= oh
Notes.  "$”isa header address of ADD instruction. e —
DB 15 a byte data difinition instructron. SHLC A
Example3 : N-way multiple jump in accordance with the contents of - P (PCHA)
accumulator (0=A=3): b3 ?:_ ‘2‘ _______
SHLC A . if A=00y then PCe-C234y 78
P (PC+A) if A=01y then PCeC378y, [ 7% G
if A=02y then PCeDA37y '“'“'Eg( ______
if A=03y then PCe-E1B0y BO
W 0C234H, 0C378H, 0DA37H, OE1BOH [T B ]
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 COy and 3Ey are stored at addresses FFFFy and FFFER,
respectively, the execution starts from address CO3Ey after reset.

The TLCS-870 Series utilizes pipelined processing (instruction pre-fetch); therefore, the PC always
indicates 2 addresses in advance. For example, while a 1-byte instruction stored at address C123p is being
executed, the PC contains C125y.

MSB LSB
+ + +
1514131211109 8 7 6 5 4 3 2 1 © PC Contents 3 2 X a+i X a+2 X a+3 X___

Program Counter (PC) Instruction Execution X a-2 X a-1 X a X a+1
PCH | 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 00404-043Fy) of data memory (static RAM). Figure 1-4
shows the data memory map.
Addresses 00004-00FFy are used as a direct addressing area to enhance instructions which utilize this
addressing mode; therefore, addresses 00404-00FF in the data memary 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 00401-00BFH. 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 00C0y is “1", 00y is written to data memory at
address 00E3y; otherwise, FFy is written to the data memory at address 00E34:
TEST (00COH).2 ; if (00CO) 2 = 0 thenjump
JRS T,SZERO
CLR (ODE3H) ; {00E3y) « 00y
JRS T,SNEXT
SZERQ : LD (O0E3H), OFFH ; (00E3,) «FFy
SNEXT :
Example 2 : Increments the contents of data memory at address 00F54, and clears to 00y when
10y is exceeded:
INC (O0F5H) ; (0QF54) < (0OF5,) +1
AND {0QFSH), OFH i (O0F5y) « (COFSYAQFY

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

memory should be initialized by an initialization routine.

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

Example : ClearsRAMto "00y" except the bank 0:
LD HL, 0048H ; Setsstart address to HL register pair
LD A, H ; Setsinitial data {004) to A register
LD BC, 03F7H ; Sets number of byte to BC register pair
SRAMCLR : LD (HL+), A
DEC BC
JRS f, SRAMCLR
Address 0 1 2 3 4 5 6 7 8 9 A B C D E F
0040y . Registerbank0 = . Registerbank1 =~ 1
0050 . Registerbank2 . Registerbank3
0060 _ Registerbank4 . Registerbank 5
0070 . Registerbank 6 Registerbank?
0080 _ Registerbank 8 Registerbank9
T e T IR TN SRR Direct addressing area
0090 . Registerbank 10 _ Registerbank 11
00AQ _ _Registerbank 12 _ Register bank 13
00B0 _ Registerbank 14 Register bank 15
00CO '
i : i r . i : 1
00D0 .
3 i < '
Q0EO0 . .
COFO .
0100 '
0110
Do ) X
0430

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

e

— bank 15 (00B8~00BFy)

L bank 14 (0080~00B7,) E"E‘”VLF"Q : Ba:k 0
, L bank 13 (00A8~00AFy) :
w oA bank 12 (00A0~00A7y) ‘0.0‘;‘!*) (‘).D.‘C".Qﬁ)
PR . (@043 : (0042
Ce - bank 4 (0060~0067}) D : E
D L bank 3 (0058~005F,) £0045y) : (0044y)
e e | bank 2 (0050~0057y) H ¢ L
H L bank 1 (0048~004F,) (0047,) (00461

bank 0 (0040~00474)
(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 result into E.
(2) HL,DE

The HL and DE specify a memory address. The HL register pair functions as data pointer (HL) / index
register (HL + d) / base register {HL + 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 LIFQ {last-in first-out) processing, etc.

Example1: @ LD A, {HL) ., Loads the memory contents at the address specified by HLinto A.

@ LD A, {HL+52H) ; Loads the memory contents at the address specified by the value
obtained by adding 524 to HL contents into A.

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

@ LO A, (HL+) ; Loads the memory contents at the address specified by HLinto A.
Then increments 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.

mm 5097249 0027265 439 3-206
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Example 2: Block transfer

LD B, n-1 ; Sets (number of bytes to transfer) - 1to B
Lo HL, DSTA ; Sets destination address to HL
LD DE, SRCA ; Setssource address to DE
SLOOP: LD {HL), (DE) ; {HL) «{DE)
INC HL ; HLeHL+1
INC DE ; DEe~DE+1
DEC B ; BeB-1
IRS F, sLoop . if B 2 0thenloop

(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.
Example1 : Repeat processing
Lo 8, n ; Setsnas the number of repetitionstoB
SREPEAT: . Pprocessing . (n + 1 times processing)
DEC B
IRS 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

Example 2 : Readingthe RBS
LD A, (003FH) i A e PSW (A3« RBS, A7 geFlags)

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 [RETIJ/[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‘rrup-t'processing
RETI . Maskable interrupt return (Bank restoring)
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1.6 Program Status Word (PSW)
The program status word (PSW) consists of a register bank selector (RBS) and four flags, and the PSW is
assigned to address 003Fy in the SFR.
The RBS can be read and written using the memory access instruction (e. g. [LD A, (003FH)], [LD (003FH),
A], However the flags can only be read. When writing to the PSW, the change specified by the instruction
is made without writing data to the flags. For example, when the instruction [LD (003FH), 05H] is
executed, ”5" is written to the RBS and the JFis set to 1", but the other flags are not affected.
[PUSH PSW] and [POP PSW] are PSW access instructions.

1.6.1 Register Bank Selector (RBS)

. . . . 5 2 1 0
The register bank selector (RBS) is a 4-bit register used to select 78 ‘3

general-purpose register banks. For example, when RBS=2, |JF  ZF: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 cc, $+2 +d)/IJRS cc,
$ + 2 +d]. Afterreset, the jJump 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 (far 16-bit operations); otherwise the ZF is cleared to "0".
During the bit manipulation instructions [SET, CLR, and CPL], the ZF is set to 1 " if the contents of the
specified bitis "0"; otherwise the ZF is cleared to "0".
This flag is set to “1” when the upper 8 bits of the product are 00y during the multiplication
instruction [MUL], and when 004 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 MSE of the result occurred during subtraction; otherwise the CF
is cleared to "0". During division, this flag is set to 1" when the divisor is 00y (divided by zero error),
or when the quotient is 100y 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
cut 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 ; (0001 )7 « (Q007H)s ¥ (009AY)o
XOR CF, (009AH). 0
LD (0001H) . 2, CF
Example2 : Arithmetic right shift
LD CF, A7 ; AcAl2
RORC A

(3) Half carry flag (HF}
The HF is set to “ 1" when a carry occurred between bits 3 and 4 of the operation result during an 8-
bit addition, or when a borrow occurred from bit 4 into bit 3 of the result during an 8-bit
subtraction; otherwise the HF is cleared to "0”. This flag is useful in the decimal adjustment for BCD
operations (adjustments using the [DAA r], or [DAS r]instructions).
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Example : BCD operation
{The A becomes 47 after executing the following program when A = 19y, B =28y)
ADD A, B ; Aedly, HFe1, CFe0
DAA A ; Ae41y + 06y = 47 (decimai-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 [IRS 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
JFis “0" for a false condition (F).
The JF is set to “1" after executing the load/exchange/swap/nibble rotate/jump instruction, so that
[RST,$+2+dland [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 15 caused by the immediately
' preceding operation instruction.

LD A, (HL)

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

instruction, making it an unconditional jump
instruction.

Example :The accumulator and flags 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 fiag
and the half carry flag contents being “219A4", "00C51”, "D71", “1" and “0", respectively.

Instruction Acc. after Ffag.aﬂer _execution Instruction Acc. after Flag.after 'execution
execution { JF ' ZF | CF . HF execution | JF ! ZF T CF ' WF

ADDC A, (Hi} 72 170 1 INC A 98 oio 1io0
SUBB A, (HU) 2 1o, ROLC A 35 1ioiito
evp A ML | 9a 0:0 1 . 0 RORC A D 0;020;0
AND A, (HL} 92 [¢] 0 1 0 ADD WA, 0F508H 16A2 1 0 1.0
LD A, (HL} D7 1 : 0 1 Q MUL W, A 13DA 0 0 1 0
ADD A, 66H 00 L 101 SET A5 BA 1 :1 1 ¢

1.7 Stack and Stack Pointer

1.7.1 Stack
The stack provides the area in which the return address or status, etc. are saved before a jump is
performed to the processing routine during the execution of a subroutine call instruction or the
acceptance of an interrupt. On a subroutine call instruction [CALL a]/ [CALLP n] /[CALLV n}, the contents
of the PC (the return address) is saved; on an interrupt acceptance, the contents of the PC and the PSW
are saved (the PSW is pushed first, followed by PCy and PCL). Therefore, a subroutine call occupies two
bytes on the stack; an interrupt occupies three bytes.
When returning from the processing routine, executing a subroutine return instruction [RET] restores the
contents to the PC from the stack; executing an interrupt return instruction [RETI] / [RETN] restores the
contents to the PC and the PSW (the PC_ is popped first, followed by PCH and PSW).
The stack can be located anywhere within the data memory space except the register bank area,
therefore the stack depth is limited only by the free data memory size.
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1.7.2 Stack Pointer (SP)
The stack painter (SP) is a 16-bit register containing the address
of the next free locations on the stack.
The SP is post-decremented when a subroutine call or a push
instruction is executed, or when an interrupt is accepted; and
the SP is pre-incremented when a return or a pop instruction is Figure 1-7. Stack Pointer
executed. Figure 1-8 shows the stacking order.
The 5P is not initialized hardware-wise but requires initialization by an initialize routine (sets the highest
stack address). [LD SP, mn], [LD SP, gg] and [LD gg, 5P] are the SP access instructions (mn ; 16-bit
immediate data, gg ; register pair).

MS$B LSB
151413121110 987 6543210

Stack Pointer (SP)

Example 1 :To initialize the SP

LD SP, 043FH ; SPe043Fy
Example 2 :To read the 5P
LD HL, SP 5 HLeSP
At acceptance
of interrupt
At execution of or At execution of
a CALUYCALLV/CALLP at execution of At execution of a RETI/RETN
instruction a SWiinstruction a RET instruction instruction
043C 043C 043C
043D 043D 043D
043E 043E 043E
043F 043F 043F | PoW - 00404
: stack
: depth
SP before :
execution 043F ﬁ
SP after
execution 043F
{a) Stacking order {b) Stack depth

Figure 1-8. Stack

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

Timing generator control register

Clock .. .. | TeTCR |
generator : 0036y r\—|/
——I - fc

l I D High-frequency | Timing B

’_” I I::I clock oscillator generator —
xom | KRR

System clocks

Stand-by controlier

0038, 0039y
[ syscr1 ] [ svscra

Clock generator control System control registers

Figure 1-9. System Clock Controller
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1.8.1 Clock Generator
The clock generator generates the basic 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,

XOUT XIN XOouT

e 7

{a) Crystal/Ceramic (b) External osciliator
resonator

Figure 1-10. Examples of Resonator Connection

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

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 divder
High-frequenc -
clogck a y> fe 112 fod 1(2]3]|a]5]6 7189 wo|11r12)131a|15[16[17(18]19]20{21
> Reset circuit
,_,.j Stand-by
>/ controller
P
Timer/ L
Counters » | Watchdog
> | Timer
- N
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]
1 i

Main Sy(sfte;n Ciock _' l II I | I
m -

53 so | st | sz | s3 |

51 52

]
1
State | S0
I
]

r—-—Machinecycle——-——ﬁ
(0545 atfc=  8MHz)

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

O 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
bitin 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 | NORMAL |~ > STOP
mode mode mode
interrupt STOP pininput
. Frequency On-chip Machine cycle
Qperating mode CPU core . .
High-frequency Peripherals time
RESET reset reset
NORMAL turming on oscillation .operate 4/fcs)
operate
IDLE
halt
5TOP turning off oscillation halt -

Figure 1-13. Operating Mode Transition Diagram
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System Control Register 1
4 3 2 1 0
SYSCR1 an Emreag vrassemsay
(0038,) | stop | reum | ReTm [outen|  wur nitial 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
RETM Operating mode 0 : Return to NORMAL mode RAW
after STOP mode 1 : Reserved
OUTEN Port output control 0 : High-impedance
during STOP mode 1 : Remain unchanged
. 19
WUT Warming-up time at g? : 3x§w;‘:z fs]
leasing STOP :
releasing mode 1* :  Reserved
Note?:  Alwaysset RETM to "0 when transiting from NORMAL mode to STOP mode.
Note2:  If87C833/C33/H33 1s moved to STOP mode while OUTEN = "07, internal inputs fix "0”. Then
there is a possibility to set interrupt of falling edge.
Note3: Brts 1and 0in SYSCR1 are read in as undefined data when a read instruction is executed.
Noted4: 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 put of RESET pin.

System Control Register 2

3 2 1
SYSCR2 e
(0039y,) (Initial value: 1000 wxxx)
0 : CPU and watchdog timer remain active
IDLE IDLE mo rt RW
desta 1 : CPU and watchdog timer are stopped {start IDLE mode)

Note1:  Aresetisapplied (RESET pin output goesiow) if both bit 7 and bit 6 1n SYSCR2 are cleared to “0”.

NoteZ: Do notdearbit7inSYSCR2 ta "0”, and do not set bits 8-51n SYSCR2 to “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
pin is also used both as a port P20 and an INT5 (external interrupt input 5) pin. STOP mode is started
by setting STOP (bit 7 in SYSCR1) to "1". During STOP mode, the following status is maintained.

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

@ The data memory, registers and port output latches are all held in the status in effect before
STOP mode was entered. The port output can be select either output hold or high-
impedance by setting QUTEN { 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.

PINTS : TEST (P2).0 ; Toreject noise, STOP mode does not start if
JRS F, SINTS port P20 is at high
LD (SYSCR1), 010100008 5 Setsupthe level-sensitive release mode.
SET (SYSCR1).7 ; Starts STOP mode
LDW (IL)1110011101010111B ; iL12, 11, 7,5, 3 « 0 {clears interrupt latchs)
SINTS : RETI

STOP pin \ 7ILV'H \
X0UTpin e

NORMAL A STOP i NORMAL

1
operation ?E operation > '\_' Warm-up 1= operation
Confirm by program that the STOP mode 15 released by the hardware.

STOPSF;_'SF"“F’“;“ tow and Always released if the STOP
start mode. pininputis high

Ny e
LoRNERVEN

Figure 1-15. Level-sensitive Release Mode

Notel: Afterwarming up is started, when STOP pin input 1s changed “L" level, STOP mode is not placed.
NoteZ: When changing to the level-sensitive release mode from the edge-sensitive release mode, the release mode
is not switched until a rising edge of the STOP pm input is detected.

3-215
B 9097249 0027274 42l N

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6145977/tmp87ch33n.html

TOSHIBA TMP87C833/C33/H33

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 oscillatar) is input to the
STOP pin.
In the edge-sensitive release mode, STOP mode is started even when the STOP pin input s high.

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

LD (SYSCR1),000000008 ; OUTEN«Q (specifies high-impedance)
DI ; IMFe-0 {disables interrupt service)
SET  {SYSCR1).5TOP ; STOP«1 (activates stop mode)
LDW  {IL),1110011101010111B  ; IL12,11,7,5,3<0 (clears interrupt latches)
El ; IMFe1 {enables interrupt service}
y ) £
1
- o\ \
STOP pin i \_;;___7:( " It
| (( H fi
7
XOUT pin “ h | l %l
' L
NORMAL i STOP | . ! ' sTOP
operation operation e Warm-up >, NORMAL e operation
/ \ operation
STOP mode started
by the program. ..
ytneprog 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 fallowing sequence:

@ The high-frequency clock oscitlator is turned on.

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

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

WwuTt At fc=4.194304MHz At fc=8MHz
3x2"/fc {s] 375 [ms] 196.6 [ms]
2"/ 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 made 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 foliowing 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. Starting IDLE mode
by instruction

@ Operation of the CPU and watchdog timer is

halted. On-chip peripherals continue to CPU, WDT are halted
operate.
- "
@ The data memaory, CPU registers and port
output latches are all held in the status in Reset input Reset
effect before IDLE mode was entered.
@ The program counter holds the address of No (high)
the instruction following the instruction
which started iDLE mode. Interrupt request
Example : Starting IDLE mode. (Nmma' ) Yes
release mode
SET (5YSCR2) . 4 ; IDLE&1 .

No

IDLE mode includes a normal release mode and an
interrupt release mode. Selection is made with the Yes (Interrupt release mode)
interrupt master enable flag (IMF). Releasing the IDLE Interrupt processing
mode returns to NORMAL mode.

_____H..._,.l

a_ Normal release mode (IMF = "0*) Execution of the
instruction which follows

IDLE mode is rel.eas.efi by any interrupt source the IDLE mode start
enabled by the individual interrupt enable flag instruction
(EF). Execution resumes with the instruction

following the IDLE mode start instruction (e.g. ,J7

[SET (SYSCR2).4]). Normally, IL (Interrupt Latch)
of interrupt source to release IDEL mode must be Figure 1-18. IDLE Mode
cleared by load instructions.

b. Interrupt release mode (IMF = ”1”)
IDLE mode is released and interrupt processing is started by any interrupt source enabled with
the individual interrupt enable flag (EF). After the interruptis processed, the execution resumes
from the instruction following the instruction which started {DLE 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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TMP87CB33/C33/H33

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 (L) 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 Into:rtr:hpt Ve;tc:)dr r:? le Priority

internall | (Reset) Non-Maskable — FFFEw | High O
Internal | INTSW  (Software interrupt) pseudo — FFFCy 1
Internal | INTWDT (Watchdog Timer interrupt) non-maskable IL; FFFAQ 2
External |[INTO (External interrupt 0) IMF=1,INTOEN =1 IL3 FFF8y 3
Internal [ INTTC1  (16-bit TC1interrupt) IMF-EFg=1 ILg FFF6y 4
Internal [ INTOSD (OSD interrupt) IMF - EF5 =1 ILg FFFdy 5
Internal |INTTBT  (Time Base Timer interrupt) IMF-EFg=1 ILg FFF2y b
External |[INTZ (External interrupt 2) IMF-EF7=1 ILy 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-EFjg=1 IL1o FFEAY 10
External |INT3 {External interrupt 3) IMF-EFpq =1 ILqq FFE8H 11
External |[INT4 (External interrupt 4) IMF-EF2=1 iy FFE6H 12

reserved IMF +EF13=1 L1z FFEdy 13
Internal | INTTC2  (16-bit TC2 interrupt) IMF-EF14=1 IL1g FFE2ZYy 14
External |INTS (Externa!l interrupt 5} IMF « EFy5=1 g FFEOY Low 15

Table 1-2. Interrupt Sources

(1) interruptiatches (IL 15~7)

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. Allinterrupt 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 set to “ 1" by any instruction.

The contents of interrupt latches can be read out by an instruction. Therefore, testing interrupt

requests by software is possible.

Example 1:

Clears interrupt latches
LDW {IL), 1110101010111111B

;L2 g, Ig, ILge—0
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Example 2 : Reads interrupt latches
LD WA, (IL) s Welly, Aell

Example 3: Tests an interrupt latch
TEST (ILH).4 ; ifilyz=1thenjump
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 003By in the SFR, and can be read and written
by an instruction {including read-maodify-write instructions such as bit manipuiation instructions).

@ Interrupt Master enable Flag (IMF)
The interrupt master enable fiag {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~EF4)
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), 11101000000000018 ;  EFy5~EFq3, EFyy, IMFe=1
Example 2 :Sets an individual interrupt enable flag to *1*.
SET (EIRH).4 ;. EFjzed

N i5 14 13 12 1110 9 8 7 6 5 4 3 2 1 0
{003C, 003Dy) [is Mg Iy Tlp Ty g Mg o g [ Iy i Mg Mg Mg I3 “ 1L | .
, . ~

||.|.| (003DH) ".|_ (003CH)
{Initial Value : 00000000 000000%**)
(003:"303% [€Fys  EFrq EFy; EFy; EFy, EFjg EFg  EFg | EF; & EFg EFs EFs]  ° - [IMF]
AN el "
EIRy, (003By) EIR, (003A,)

(Initral Value : 00000000 Q000***D)

Notel : Do not use any read-modify-write instruction such as brt mampulation for cleaning IL.
Note?2 : Do not clear the IL2 by an mstruction.
Note3 : Do not set IMF to ”1"during non-maskable interrupt service programs.

Figure 1-21. Interrupt Latch (IL) and Interrupt Enable Register (EIR)
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1.9.1 Interrupt Sequence
An interrupt request is held until the interrupt is accepted or the interrupt latch is cleared to “0” by a
reset or an instruction. Interrupt acceptance sequence requires 8 machine cycles (4 s at fe=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 nan-maskable interrupts).

(1) Interrupt acceptance processing is as follows:

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

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

@ The contents of the program counter (return address) and the program status word are
saved (pushed) onto the stack. The stack pointer is decremented 3 times.

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

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

Interrupt service task

T T N Y Y T N T B |

1 machine cycle

Interrupt
signal

i
1
|
T T
Interrupt :
latch ! :/
1 1
| |
H
1
|
)

|
1
T :
IMF ] l
i Note2 \'\<I f'
e .
. (
X Inslrudlon

Instruction
execution 'e"fe'iﬁi.‘é%“ Interrupt acceptance Q,Em“o,‘ RETI instruchion execution

' e a—

T T T I N
I
|

Notel : a, return address, b, entry address, ¢ ; address when the RETI instruction 1s stored
NoteZ : The maximum response time from when an IL s 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
D204y

A maskable interrupt is not accepted until the IMF is set to “1” even if a maskable interrupt of higher
priority than that of the current interrupt being serviced.

When nested interrupt service is necessary, the IMF is set to 1" in the interrupt service program. In this
case, acceptable interrupt sources are selectively enabled by the individual interrupt enabie 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 memoty 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
bank m interrupt sarvice task interrupt service task
m Switch to bank by savi_ng
> ) [LD RBS,n] or registers
time

[INC(GR8S) ]
n instruction

m ‘ interrupt return Restore bank ‘
automatically by restoring
[RETI}/ {RETN] \ registers
instruction ..
| interrupt return

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

Figure 1-23. 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 ence,
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 HL register pair
Interrupt processing -
POP HL ; Restore HL register pair
POP WA ;. Restore WA register pair
RETI ; Return
e e o .. ... _|Address{example)
Sp - . v . .. . . . 0438H
L 0439
Ao 043A
A B I SO 0438
@ s o W T R I B .
PG P, SR .. |os®0
DL PCh PCy 043€
PSW LW A I e IR L2

At acceptance At execution At execution At execution of an
ofaninterrupt =  ofa push >  ofapop =  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 : L_D . . (GSAVA)A ; Save Aregister
._intefrupt_ pracessing .
LD A, (GSAVA) ; Restore Aregister
RETI ; Return

(3) Theinterrupt return instructions [RET!]/[RETN] perform the following operations.

[RETI] Maskable interrupt return [RETN] Non-maskable interrupt return

@ The contents of the program counter and the [® The contents of the program counter and

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

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

@ Thenterrupt master enabie flag is setto “1°. @ The interrupt master enable flag is set to "1”

only when a non-maskable interrupt is
accepted in interrupt enable status However,
the interrupt master enable flag remains at "¢”
when 5o clear by an interrupt service program

interrupt requests are sampled during the final cycle of the instruction being executed. Thus, the next
interrupt can be accepted immediately after the interrupt return instruction 1s 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 interruptis
already underway, executing the SWI instruction will not generate a software interrupt but will result in
the same operation as the [NOP] instruction. Thus, the [SWI] instruction behaves like the [NOP}
instruction.

Note: At the development tool, if processing of a non-maskable interrupt is already underway,

executing the SW! instruction will generate a software interrupt as a software brake.
Use the [SWI] instruction only for detection of the address error or for debugging.

(D Address Error Detection
FFu 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 ta 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 7F804 to 7FFF (test ROM area) is not "FFy”.

@ Debugging
Debugging efficiency can be increased by placing the SWl instruction at the software break
point setting 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 INTO/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 input is detected.
Edge selection and noise rejection control for INT3 pin input are performed by the Remote control signal
pracessor control registers (refer to the selection of the Remote control signal processer.)

Source Pin faﬁi?,';?,a,?fn Enable conditions Edge Digital noise reject
INTO INTO P50/PWM8 | IMF=1, INTOEN =1 falling edge — (hysteresis input)
INT2 INT2 P53/TC1 IMF:EF;=1 falling edge | Pulses of less than 7/c¢ [s] are
INT3 INT3 P30/RX1N IMF«EFyq =1 or eliminated as noise. Pulses of 24/fc [s]
INT4 INT4 P36/50 IMF-EF15=1 rising edge | or more are considered to be signals.
INTS INTS P20/5TOP IMF-EFj5=1 falling edge — (hysteresis input)

Note 1: The noise reject function is alsa affected for timericounter input (TC1 and TC3 pras).
Note 2 : The pulse width (both "H” and "L" level) for input to the INTO and TNTS ptns must be over 1 machine cycle.

INTO/INT5 input I I I tinTLe tinH > Leye  (Note: fcyc=  4ifm [3])

tinTL : HnTH

Note 3: If a norseless 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 1s as follows :

@ INT1 pin 49f¢ [s] (INTINC=1), 193/fc [s] (INTINC=0)
@ INT2, INT4 pins 25Hc [s]

Table 1-3. External Interrupts

B 9097249 0027285 207 = 3-226
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TR s LB S A 3 2 1 0
(0037,) . S | N2 [rreses)] W21 (initialvalue: *0+D 000%)

0 : P50 input/output port

INTOEN | PSO/INTQ pin confi ti jiinadi
pIn coniguration 1 2 INTQ pin (Port P50 should be set to an input mode)

write
INT4 ES INT4, INTZ 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:  Inorder to change of external interrupt input by rewriting the contents of INT2ES and INT4ES during
NORMAL mode, clear interrupt [atches of external interrupt inputs (INT2 and INT4) after 8 machine
cycles from the time of rewriting.

Noted :  Inorder to 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,
nterrupt disable state. Then, clear interrupt laches of external interruptinputs (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 pininputs edge in external trigger timer mode from rising edge to falling edge.
LD (TC1CR),01001000B ;  TCLS «- 00 (stops TC1)
DI . IMF « 0{disabies interrupt service)
LD (EINTCR),00000100B ; INT2ES « 1 {change edge selection)
— T  Hop
8 machine -~
cycles NOP
LD (ILL),01111111B ; IL7 e 0{clearsinterrupt latch)
EI . IMF « 1{enablesinterrupt service)
LD (TCiCR),01111000B ; TCLS « 11 (starts TC1)

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

Note&:  EINTCRis write-only reqister and must not be used wrth any of read-modify-write instructions.

Note7:  Alwayswrite "0” ta bit7, 5, 1, 0/n EINTCR.

Note&:  When igh-impedance i1s specified for port output in stop mode, port input is forcibly fixed to low
level internally. Thus, interrupt latches of external interrupt inputs except P20 (INT5/STOP) which are
also used as ports may be set to 1", To specify high-impedance for port output in stop mode, first
disable interrupt service (IMF =0}, activate stop mode. After releasing stop mode, clear interrupt
latches using load instruction, then, enable interrupt service.

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

LD {SYSCR1),01000000B ; OQUTEN « G (specifies high-impedance)
DI ;  IMF e 0({disablesinterrupt service)
SET  (SYSCR1).STOP . STOP « 1 {activates stop mode)

LDW {IL),1110011101010111B , 1IL12,11,7,5,3 0 (clearsinterruptlatches)

EI ., IMP 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
output 1s selected.
When the watchdog timer is not being used for malfunction detection, i1t can be used as a timer to
generate an interrupt at fixed intervals.

3-227
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1.10.1 Watchdog Timer Configuration

MPX resetrelease signal from T.G.

fo g —|A Binary Counters
fc 28t —> clock overflow

B
fc/2® >|C > _l_)ﬂompm output
B I ) interrupt request INTWDT
Q

R reset

=<

\N

internal reset > enable

5

R .
WDTEN ﬁ
writing writing clear WDTOUT

disable code [code

WDTT

Controller

WDTCR1 WDTCR2

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.
1f 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 : Sets the watchdog timer detection time to 22¥/fc [s] and resets the CPU malfunction.

LD (WDTCR2), 4EH ; Clears the binary counters
LD (WDTCR1), G0001101B  ; WDTTe«10, WDTOUTe-1
LD (WDTCR2), 4EH . Clears the binary counters
Within WDT : {always clear immediately after changing WDTT)
detection time
= \D {WDTCR2), 4EH ; Clears the binary counters
Within WDT
detection time
- LD (WDTCR2), 4EH ; Clears the binary counters

3-228
B 9097249 Q0272687 G&T WA

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6145977/tmp87ch33n.html

TOSHIBA TMP87C833/C33/H33

Watchdog Timer Control Register 1

WDTCRI 7 6 5 4 3 2 1 ]
{0033,,) . ) : [ V‘éﬁT I woTT wor (Initial value : »x**x 1001)
WDTEN Watchdog timer 0 : Disable (it s necessary to write the disabie code to WDTCR?2)
enable/disable 1 : Enable
00:253/1c [s] {4.194s  at fc = 8MHz) ]
worr | Watchdog timer 01: 22/4¢ {10485  at fc = 8MHz) write
detection ime 10 : 2% /¢ {262.1ms at fc = 8MHz) only
11: 2%/ (655 ms at fc=8MHz)
WDTOUT Watchdog timer 0 : Interrupt request
output select 1 : Reset output

Note 1 + WDTOUT cannot be set to “1” by program after cleaning WDTOUT to "0"
Note2 : fc ; High-frequency clock [Hz] *, don’t care
Note3 . WDTCRI is a write-onry-reqister 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

%g;gg)z | : . . | {inittal value @ wxxx kixx)
4Ey . Watchdog timer binary counter clear (clear code) it
Watch 1 write
WDTCR2 aichdog timer contro B1y : Watchdog timer disable {disable code) only

code write register

others : Invalid

Note 1 : The disable code is invalid unless wnitten when WDTEN =0.
Note2 - *, don'tcare

Figure 1-26. Watchdog Timer Control Registers

(2) Watchdog Timer Enable
The watchdog timer is enabled hy 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 ; WOTENe1

(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 watchdag timer is not disabled if this procedure is reversed and the
disable code is written to WDTCR2 before WDTEN is cieared 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".

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

1.10.3 Watchdog Timer Interrupt (INTWDT)
This is a pseudo non-maskable interrupt which can be accepted regardless of the contents of the EIR. ifa
watchdog timer interrupt or a software interrupt is already accepted, however, the new watchdog timer
interrupt waits until the previous 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.
LG SP, 043FH ; Setsthe stack pointer
L (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"%4c [s]

clock LT L L [Twor-ng
Binary counter IX 2 XQ 0o X X 2 X 3 X 0

Qverflow
INTWOT interrupt . "
- : —— ¥
WDT reset output T (Hi-2) l("L" output)

writes 4Ey 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 8MHz) when power is turned on.

On-chip Hardware Initial Value On-chip Hardware Initial Value
Program counter (PC) (FFFFWY - (FFFER) | Divider of Timing generator o
Register bank selector (R8S) 0
Jump status flag UF) 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

Interruptindividua! enable flags  (EF)

o o o

Interrupt latches (n Control registers

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 voltage
within the operating voltage range and oscillation
stable, a reset is applied and the internal state is
initialized.
When the RESET pin input goes high, the reset
operation is released and the program execution starts
at the vector address stored at addresses FFFEy - FFFFp.
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] (131ms at fc = 8MHz).

Instruction P a (reset release Xmstru:non ataddress r
) f
execution i
e~ Address-trap is occurred I E L ________
RESET output ("L" outpu) [z :
i ) i i )
] ] ] 1
] f ' [}
! ! : !
: 22 5] Vi 2 |
to
2%fc
Note 1: 0= a=043Fy
Note2:  During reset release, a reset vector “r* is 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 & 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
low from high-impedance. The reset time is 220/fc [s] {13 1ms 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 IO system and all peripherals control and data transfers
are performed through the special function registers (SFR) and data buffer registers (DBR).

The SFR are mapped to addresses 00004 — 003Fy, and the DBR to addresses OF80 — OFFF 4.

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

B 5097249 0027291 500 WA

Downloaded from Elcodis.com electronic components distributor

IAddress Read Write Address Read Write

0000k | o eIV e 0020y v [ smicr1 ssBrcontral 1) .
o1 Loreseved . 21 _SBIDBR (581 data buffer)
02 PO e e 22 | T e R (12C-by
03 P3Pom 23 |SBISR(sBistatus} . . SB'CRZ(..'“J""O' 2) IRUUTO
04 24 | reserved
05 25 | PWMSR(PWMIstatus) ...
06 26 - ..|PWMDBR (PWM data buffer)
07 - e er—— 27 b voerens IPUL se output control)
08 reserved T 28 Loreserved e
09 reserved 29 _reserved
0A reserved 2A
0B 2B
1] 2C
oD 2D
OE 2E
OF 2F reserved
10 30 e e reserved
" 31 Loreserved
12 32 reserved
13 33 | s e ] reserved. et eeete eerereneeea
14 TC1CR(TC1 control) 34 - . . |wDTCRI (WDTcontroI)
15 . TCZCR (TCZ wntvo_l_) ________________ 35 _JwDTCR2 |
16 (Tlmerregls‘terz) 36
17 37 3
18 38 ___SYSCR1
19 B N 39 SYSCR2 |
A .. JlGCR{TC3control) 3A
1B oy . [TREGA imerregisterd) 3B
ic = TEacR{ 3C
10 | e, served e e vy e i
1E . ‘959"'9" e eeeme e arn aeaeee i 3E o e 1 Teserved
1F reserved 3F | PSW (Program status word) R85 (Reguster bank selector}

(a) Special Function Registers
Address Reard Write
OFBOHi _ i
---------------------------------- e " Note1 : Do not access reserved areas by the
T I pragram.
e ol Note2 : ~ ; Cannotbe accessed.

70 e e s T oh L trol regrst -y Note3 : When defining address 003Fy with
gg -g-:i-z ::::::Zg AR Rk ¢ oisters assemblersymbol_s, use GPSWa_nd GRBS.
9% |opwspiayonwoft Noted : Write-only registers and interrupt
gL €L ) latches cannot use the read-modify-

OF9C rese:ved write instructions (bit manipulation
B reserv.ed .............................. :1' inst(uctions such aS' SET, CLR, etc. and
OFCF ............................ ’.‘es.e.r.v.e.d .................................... - ’og'ca’ operahon fnst’uctfons such as
OFDO """ RXGRi {Rema-con controlt) " AND, OR, etc)
D1 . Note5 : 5Bi:Serial interface.
D2 PWM : Pulse Width Maculation
D3 0SD : On screen display
D4 Remo-con : Remote contro!
e I '"resefved..ii'ﬁ"ﬁﬁﬁﬁ..ﬁﬁﬁ ...........
= reserved o~
OFFF |’ “reserved T
(b) Data Buffer Registers
Figure 2-1. SFR & DBR
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2.2 /OPorts
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
Port P3 7bitlOport | external interruptinput, remote control signalinput, |

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

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

Port PS 8-bit /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-bit1/O port
from QSD circuitry,
R.G.B and Y/BL input

S gy g g

Port P7 2-bit /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/O 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 changes in the S2 state of the write cycle during execution of the instruction which writes to

an /0 port.
fetchcycle fetcheycle  read cycle fetchcycle  fetchcyde | write cycle
! | | H o
I 1 1 |} L 1 Ll 1
Instruction ___50 51 52 S0 51 S2 S0 51 52 83 ___ Instruction- .50 51 52 S3 SO S1 S2 S3 152 —
EXeCUctylcOll;-- ! I} E’I(': HD ’}' (xl) i1 ) 1 L _—— execu{‘;g{;__ 1 1 E)|: : LID (F)'AI I S 1 1 L _—
Input strobe -~ ' I_I ___  Outputlatch__ |_|
s pulse :
Data input__ ///// // /@( ){/ . Data output__ old X new
{a) Input Timing {b) OutputTiming
Note: The positions of the read and write cycles may vary, depending on the instruction.

Figure 2-2. [nput/Output Timing (Example)

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

(1) Instructions that read the output latch contents

@ XCH r, (sre) ® LD {pp).b, CF

@ CLR/SET/CPL  (src).b ® ADD/ADDC/SUB/SUBB/AND/OR/XOR (src), n

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

(2) 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)

3-233
B 9097249 0027292 447 W

Downloaded from Elcodis.com €electronic components distributor



http://elcodis.com/parts/6145977/tmp87ch33n.html

TOSHIBA TMP87C833/C33/H33

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 secandary 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 failing 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 —-| F‘ CMP /MCMP /TEST / others

Datainput =€ <

output lateh
Data output o qf—* [: {] P20 (RT5/5T0R)

Control input == @!
STOP j )0 ]
QUTEN

7 6 5 4 3 2 1 0

Note : *; don'tcare

SRR A S T S .1 (nitial val s ne)
: : : : : ; : INTS nitial value wxwx a%x
e N N T

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: Outputs an immediate data 5Ap 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 p

SET/CLR/CPL/others

Data output P3i

Output latch o
Control output Note: i=6~0

STOP _—:D Hi-Z control
OUTEN

7 6 5 4 3 2 1 0

:'3003“) P36 © P35 | P34 P33 [ paz | P31 pp |  (nitialvaluexiiiiin)
: *SDA i SCL : TC4 “ccLk . TC3 . INT3
P POMNTA. 5| | TR -cpata- : { RXIN

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 part P4 as an input . The P4 output latches are also initialized to

" 1 "

Data is written into the output latch regardless of the

Hi-Z control
L TOP
PACR contents. Therfore initial output data should be OSTE’N D l:[D_'

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

]

the output latch should be setto " 1", ‘
Note : Input mode port is read the state of input pin. When | Data OU‘F’“t_» - >
input/output mode is used mixed, the contents of output

ocutput latch

latch setting input mode may be changed by executing P
bit manipulation instructions.
7 6 S5 4 3 2 1 0 Note: i=7~0
Pa PA7 : P46 i PAS [ PA4 : P43 : PA2 ' P41 | P40
(0004,) [PWN7 WG - PWH5 . PWNA | Pwia3 : pwmz w1 pwivia | (Initial value: 1111 1111)
7 6 5 4 3 2 1 0
P4cR | : : ) : : . | (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 functian pin, the autput 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
Datainput <J /J— Data input
SET/CLR/CPL/others SET/CLR/CPL/others

Data output

Output iatch

STOP

CINj
(a) P57~P54
CMP /MCMP / TEST / others
Data input ~J
SET/CLR /CPL/others

Hi-Z control
OUTEN :lj

ﬂPSi

Data output

STOP
OUTEN

Control input

Output latch

———0D° Hi-Z control

ﬂPSi

Data output P3)
Qutput tatch
PWMk
STOP j ) Hi-Z control
QUTEN
{c) P52~P50
7 6 5 4 3 2 1 Q
ps P57 i P56 . P55 | P54 | P53 [ P52 3 P50
: : ' CINT2 O TC2 - FWAg/ . ;
(0005y) | CIN3 | CIN2 : CIN1 . CINO | TC1 - PULEE .o {Initial value :

{b) P53

Note: i=7~4,j=2~0,k=8,9

1111 1111)

Figure 2-6. Ports P5
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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 cutput mode is selected by the corresponding bit in the input/output
control register (F6CR). 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”.

e < SR P
PECR }EDW PECR] }lLD‘|
| . 2]

Datainput < Data input

Data output m B Y P6i  Dataoutput Ilo Q |I ¢ L E]PGj
Output latch |—> As Output latch
R.G.B,Y/BL Note: i=7~4 Note :j =3~0
P6iS
{a) P67~P64 {b) P63~P60
7 6 5 4 3 2 1 4]
Pr?oos P67 © P66 P65 PB4 ° P63 ° P62 P61 | PGO (Initial value #xx# xas)
0006w | vy - LT R RN oY
BL . ) . "FIELD . i BLIN

7 6 5 4 3 2 1 0

PECR , . . : ies
1000Dy) | , . : | (initial value 0000 0000)

0 : Input mode write

p trol f P
6CR /O contro! for port P6 1: Output mode anly

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

Port P6 data selection register (P675 - P64S)

7 6 3 4 A 0
(OF914) P675 P66S . P655 ©  P64S . (RDWRV) (MFYWR) (initial value Q000 **00)
: 0 :the OSD output (R, G, B, Y/BL) write
PénS Selection of the output data for port P6n 1 :Port P6n output latch only
Note:n=7~4

Figure 2-7. Ports P6, PGCR, 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 setting input mode may be changed by executing bit mampulation instructions

Exsample :  Setthe Lower 4 bit in port P6 to the output port and set the other to the input port
LD (P6CRY), OFH ;. POCR« Q00011118
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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/ MCMPITEST!?thers

Data input
SET/CLR/CPL/others

Data output—»@ - [~ ’ DP7i

Output latch

STOP
OQUTEN jjc

N Note: i=1~0, ,'; don’t care
HD, VD
7 6 5 4 ) 3 2 0
P7 A P71 ¢ P70
(0007y) : ’ ’ VD : HD |({Initial value: =#xxx *x11)

Figure 2-8. Ports P7

2.3 Time Base Timer (TBT)
The time base timer generates time base for key scanning, dynamic displaying, etc. It also provides a time
base timer interrupt (INTTBT). The time base timer is controlled by a control register (TBTCR) shown in
Figure 2-10.
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 firstinterrupt 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 b¥ performed simultaneously).

TBTEN ‘ | | t2 = 1 machine cycle

t1 : t2

Example : Sets the time base timer frequency to f/216 [Hz] and enables an INTTBT interrupt.
LD (TBTCR), 000010108
SET (EIRL) . 6
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MPX INTTBT
fer283 >— A interrupt
fc/22! >—B request
:szzj >>: g source clock — J
c/2 Y ising
fer213 >E | ) edge Source clock _l I I I | I
fer212 >—iF detector ; : :
fcr2® >—{Hg : :
3L 1
1 INTTBT ! " " ﬂ_
TBTCK TBTEN | e
1 nterrup
. _TBTCR _ Enable TBT period
Time Base Timer Control Register
(a) Configuration {b) Time Base Timer Interrupt

Figure 2-9. Time Base Timer

..... 7..5..5..4.3 2 ! 0
foosny Lo i iro e [reen] e, | (initialvalue: 0xx0 Onsx)
Time base timer 0 : Disable
TBTEN enable/disable 1 : Enable
000 : fc/283[Hz] ( 0.95 Hz at fc=8MHz)
001 : fc/ 22 ( 3.81 Hz at fc=8MHz) .
i 16 write
010 ; fc/2 { 122.07 Hz atfc=8MHz) only
TBTCK | Time base timer interrupt 011 : fe/218 ( 488.28 Hz at fc=8MHz)
frequency select 100 : fcr2"3 { 976.56 Hz at fc=8MHz)
101 : f¢/212 ( 1953.12 Hz at fc=8MHz)
110 : fcs 2™ { 3906.25 Hz atfc = 8MHz)
111 : fes2° ( 45625 Hz atfc=8MHz)

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

bit timer/counters {TC3,

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

TC4).
2.4.1 Configuration

(121) L 19unoduawll jL-g 2inbnyg

43351634 |013u05 | JAUNOdBWIG

1RXYIRNN I XdN 9QQJIs UM
oreedwo)y  'dWY . 910N 7919390 H81934L
k! H
aqoss VISl "ViIH3Yl
MY 1OL ¥ ¥
- j0u0>
1ABP Yew
Sqeus a1 "vi siaysibas dwi pg-g
> a|BBay v193ul 819391
s D {7 7
{ v
e O NEELE.
Jeap
XdN

-

(||_0H yned

apow
usLgINseaw
yipia asind

dIND

I

J3uno>-dn yg-gL

ledpn

eubis tea|y 5L

>

LDddIN

s 131N Tmm

HOEDL
AJLD1
1dv1S
aimdes
WﬁDE ;Ot:_; P
« Z
Y
5 *IWI% £2/%
NPy A8 i
4 g v W/
Q | ' U ud 1oL
XdiN
SIZLNI
[SNE]
10pNnap abpd _
Buists Buijjes
apow
Juawainsesw
I_w_ yzpim asind
XdW
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2.4.2 Control
The timer/icounter 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 B 7 & 5 4 3 2 1 0
TREG1A
oo10,00i9l__ , TREGIARO0TH) ., TREGIAO0IGy) |
Write only
TREG1B
(0012, 00131 ; TREG1B,{0013;) . | ! , __JREG1B; (0012 \ |
Read / Write (Write available in only PP(
7 6 5 4 3 2 1 0 output mode)
SCAP1
TCI1CR D upn . .
(00144) 0" |mcar TC15 TC1CK TCIM (initial value : 0000 0000)
. METT1 ] 1 1
00 : timer/external trigger timer / event counter mode
TCIM TC1 01: window mode
mode select 10: pulse width measurement mode
11: reserved
00: internal clock fc/2"  [Hzl
Te1CK TC 01: internal clock f¢/27
source clock select 10 internal clock fc/2°
11: external clock (TC1 pin input)
write
00: stop & counter clear only
<1 01: command start
TC1S
start control 10: reserved
11: external trigger start
. SCAP1  |software capturecontrol | O S ...\ 1. software capture trigger (Note 3}
pulse width measurement .
MCAPT | otrol 0 : double edge capture 1: single edge capture
METT1 external trigger timer 0 : tngger srart 1: tnggerstart & stop
control
Nate 1: fc; High-frequency clock [Hz}
Note2: Writing to the low-byte of the timer registers (TREGIA,, TREG18,), the comparison is inhibited until
the high-byte (TREG 1Ay, TREG1B) 15 written,
Note 3: Set the mode, source clock, edge, PPG control and timer FIF control when TC1 stops (TCI1S =00).
Noted : Software capture can be used in only timer and event counter modes.
Note5: Values to be loaded to timer registers must satisfy the following conditian.
TREGTA>TREG1B>0(PPG output mode); TREGTA>(Q (others)
Noate&: 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.

Figure 2-12. Timer Registers and TC1 Control Register

2.4.3 Function
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 6 in TC1CR) to "1” (software capture function).
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Source clock Resolution { At fc = 8MHz} Maximum time setting (At f¢ = 8MHz)
fc/ 22 [Hz] 1 4 65.535 ms
fc/ 2 16 s 1.04856 ]
fcr2" 256 8 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).

Lo (TC1CR}, 0006001008 ; Setsthe TC1 source clock
LDW {TREG1A), OF424H ; Setsthe timer register (1s—fcs27 =Fa24,)
SET {EIRL) EF4 ; Enables INTTC1 interrupt
El
LD {TC1CR}, 000101008 7 Starts TCH
Example 2 : Software capture
LD {TCICR), 010101008 ; SCAPi1e1 (Captures)
LD WA, (TREG1B) ; Reads captured value

Command start

Source ¢lock Ill:llllll]lllllllllllll|||I|II!|||II
[}
1
0 )-(2_-(2

Up-counter n-1XnX0X 1 2 3 4 5 [ 7

3

TREG1A > X n )

3
¢ Match Counter
: detect \ﬂ" clear

INTTC1 interrupt

(a) Timer

S L I T T I i A
Counter :Xm..quX m Xm+1xm+2x SEX n—1X n fnﬂx

capture capture
TREG1B X m X n

SCAP1

(b) Software Capture

Figure 2-13. Timer Mode Timing Chart

(2) External Trigger Timer made

This is the timer mode to start counting up by the external trigger. The trigger is the edge of the TC1
pininput. Either rising or falling edge can be selected with INT2ES. Edge selection is the same as for
the external interrupt input INT2 pin. Seurce 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 cleared to”0" and halted. The counter is restarted
by the selected edge of the TC1 pin input.

The TC1 pin input has the same noise rejection as the INT2 pin; therefore, pulses of 7/ic [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

TC1 pininput ! trigger | " * trigger (INT2ES = 0}

Y

igipipipinigipips

Internal clock

g

Up-counter 0 X X—_;XEX_? (r-1 Xo o X2 A2 X
3
TREG1A X n b
INTTC match knj clear
(a} Trigger Start (METT = 0}

count count count

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

(INT2ES = 0)

) 1 )
i ) '

wemaco [ LT LML WL LL L
t ] :

Up-counter 0 n”a”ﬂ 0 ﬂ“@@ AL

TREG1A x n ¢ I

/
INTTCY match hclear

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 f¢/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).

Command start

TC1 pin input II: III | I_l « I—I_I I_I |_I l___

17
1

H ' ) H « . H
Up-counter 0 X+ X 2 X X -1 X nXoX 1+ X 2
H 1L

1
TREG1A X b

INTTC1 interrupt detect clear

i Match \HJ Counter
1

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
internai clock.

command start

TC1 pininput

H i
Internal clock |Illlll||||I||I:|II|II:II|I||||||
: . : : g | : : . H i
U countar I G5 € & € GRS © 0 0 65 &3
1

TREG1A X 7 3

T
INTTCH E match \rl/ clear

{a) Positive Logic {INTZES = 0)

command start

:

TC1 pininput

Internal clock V
: . : : : i . :

O b-fommm—

}
Up-counter ! 1 2 nn 5 & n“ 0
]
TREG1A X 9
:
INTTC1 ; match jtl_ear

(b) Negative Logic (INT2E5=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 trigger ﬁ

i
[dJ

Internal clock |||||I|II|||||||I|||||||Il|||||l

X

Up-counter uaan M

capture

TREG1B

INTTC1 I-l

count
start

[Applications] High or low pulse width measurement

(a} Singlie Edge Capture

count
start

TC1 pin input *

Up-counter

Internal clock ||||lIllIlI||l|||l|||I||I||||I||I||I

TREG1B

INTTC1 I-I

[Applications] @ Period / Frequency measurement

@ Duty measurement

{b} Double Edge Capture

Figure 2-17. Pulse Width Measurement Mode Timing Chart

Example: Duty measurement (Resolution fc/27 [Hz])

CLR  (INTTCI1CLO

LD (EINTCR)}, 0000G000B
LD (TC1CR}, 000003108
SET  (EIRL).4

LD (TC1CR), 001101108

PINTTC1: CPL  (INTTCiC).O
JRS £, SINTTC?
LD (HPULSE), (TREG1BL)
LD (HPULSE + 1), (TREG1BH)
RETI
SINTTC1: LD {WIDTH), (TREG1BL)
LD (WIDTH + 1), (TREG1BH)

’

¢

'

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

Starts TC1 with an external trigger

Complements INTTC1 service switch

Reads TREG1B

Reads TREG 1B (Period)
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2.5 16-bit Timer/Counter 2 (TC2)

2.5.1 Configuration

MPX
TC2 pin H
MPX
window
fc/223 | p ]
fo213— g umer/ Y
f¢/28 % |C eventcounter
f/23>— (DY P
E
Fs | TC2M |
> 25
T
TC2CK CT
TC2CR
Timer/Counter 2 control register

TC25

source
clack

clear

16-bit up-counter

comparatar

enable

TREG2

match detect control

16-bit timer register 2

1 1

TREGZH  TREG2L
write strobe write strobe

INTTC2
interrupt

Figure 2-18. Timer/Counter 2 {TC2)
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2.5.2 Control
The timer/counter 2 is controlled by a timet/counter 2 control register (TC2CR) and a 16-bit timer register
2 (TREG2). Reset does not affect the TREGZ.

TREG2 15 14 13 12 11 10 9 8 7 ] 5 4 3 2 1 0
(0018, DO1 7H)I 1 TREGZH (00174) L L TREGzL.(Ome“? I
write only
TC2CR 7 6 5 4 3 2 1 0
(015 ... . LT€as| — Teack | [rcam (Initial value :  **00 0040)
TC2M Timericounter 2 operating 0 ; Timer/Event counter mode
mode select 1 : Window mode
000 : Internal clock fc/ 22 [Hz)
001 : # fcr2¥
010 : s fcr28
TC2cK | Timer/counter 2 011 : » fer23 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

Note 2 : 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 ciock when timer/counter stop (TC25 =0).

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

TREG2 > Q(TREG215-.1; >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-wrrte 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 made, the internal clock is used for counting up. The cantents 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 cdleared. 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/28 [Hz] 1.048576 s 19 hour 5 min 184 s
fcr2? 1.024 ms 1 min 7.1 s

fer2t 32 s 2.09712 s

fa1 22 i “5 65535 ms

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

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

LD (TC2CR), 00001100B ; Sets the source clock

LDW {TREG2)}, 61ABH ; Sets TREG2 (25ms + 23/fc = 61A8Y)
SET (EIRH) EF14 ; Enables INTTC2 interrupt

El

LD (TC2CR), 001011008 ; Starts TC2

(2) EventCounter Mode
In this mode, events are counted at the rising edge of the TC2 pin input. The contents of TREGZ 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 f¢/24 [Hz] in
the NORMAL and IDLE mode.

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

LD {TC2CR}), 0001 1100B ; Setsthe TC2 mode
LDW {TREG2), 640 ; Sets TREG2
LD {TC2CR), 001111008 ; Starts TC2

(3) Window Mode
In this mode, counting up is performed at rising edge of the pulse thatis the logical AND-ed product
of the TC2 pin input (window pulse) and an internal ciock. 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 is, the frequency must be considerably slower than the selected internal clock.

TC2 pininput J I
' }
)
internal clock |Il||||:||||||§|II:||I||IIIIIIllll_l
1

Up-counter D 6§ 5 G 5.0.0 63 O O

TREG2 X n b

match counter clear
INTTC2 inteerrupt 2 kI I

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

¢ inhsbrt
rsing

Edge ™1 Capture :{ )
falling
detector control D

Tam TC3S

K

E INTTC3

interrupt

clear

source clock overflow
8-bit up-counter

TCIM

|
d
2 L~
A match
TC3CK

capture capture
___qD—P TREG3B TREG3A <—G:

TC38 SCAP 8-t Timer Register 3A, 38

TC3CR
Timer/Counter 3 Control Register

Figure 2-21. Timer/Counter 3
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2.6.2 Control
The timer/counter 3 is controlled by a timer/counter 3 control register (TC3CR) and two 8-bit timer
registers (TREG3A and TREG3B). Reset does not affect these timer registers.

TREG3A 7 6 : 5 a4 3 : 2 . 1 0
ooty [ . ¢ - % x| Read/write
TREG3B H : N . . N H
(0019,;) I : - : : | Read only
7 6 5 4 3 2 1 0
TC3CR ¢ e v o
00180 oo [scap]  [ress[ tegex | frcam| {Initial value : #0+0 00%0)
Timer/counter 3 0 : Timer/event counter mode
TC3M .
operation mode select i : Capture mode
00 : Internal clock fc/ 27 [HZ]
TC3CK Timer/icounter 3 01 : Internal clock fcr 2
source clock select 10 : Internal clock fer 2 write
11 : External clock (TC3 pininput) only
Timer/counter 3 0 : Stop and counter clear
TC3S
start control 1: Start
0: -
SCAP Soft
oftware capture control 1+ Software capture
7 6 5 4 3 2 1 0
EINTCR bt P o e RE A SR N
©o37,) .00 700 L T0T () 9 J rommem (Initial value 1 0000 060+)
TC3ES | TC3 edge select 0 : Rising edge write
1 : Falling edge only
Note 1: fc; High-frequency clock [Hz], *; don’t care
Note2: Setthe mode, the saurce clock and the edge selection (TC3ES) when the TC3 stops (TC35 =0).
Note 3: Values to be loaded to timer register 3A must satisfy the following condition.
TREG3A > 0(in the timerievent counter mode)
Noted: TC3CR and EINTCR is a write-only-register and must not be used with any of read-modify-write
instructions.
Note 5 : Always write "0” ta 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)

fcra® 512 s 130.56 ms
fci2"° 128 s 3264 ms
fc/ 27 16 45 408 ms

Tahle 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 f¢/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

El

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 next rising {falling) edge of the TC3 pin input, the current contents of counter are
loaded into TREG3A, then the counter is cleared again and an interrupt is generated. If the counter
overflows before the edge is detected, FFy is set 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 cut; however, the counter continues. Therefore, TREG3B has been read out earlier than
TREG3A.

Up-counter 35 0.0.0. €5 ¢ B ) 10§95 6,040 €3 €5 § O 7.0 € & €D
TC3 pininput ! l !\ l_l
X

o
TREG3A b o\
[l

L] ;
X :
capture \ _ capture averflow
INTTC3 interrupt N h

Reading TREG3A n I M

Figure 2-23. Timing Chart for Capture Mode {TC3ES =0)

>

\ X FF {overflow)
\

=
|
1
L
1

TREG3B FE 1

Sat-1

o
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2.7 8-bit Timer/Counter (TC4)

2.7.1 Configuration

TC4S
MPX
TCapin g ; source clear
fg2110=|A 8-bit up-counter
far27 > P
fer23 >

b match
4
Note: MPX; Multiplexer

I CMP, Comparator

2
| TCacR | | TREG4

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

ﬁ ﬁ INTTC4
interrupt

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.

TREG4 T T T T i
(001By) 1 ) : : : : | Write only
5 4 3 2 1 o0
(T&)ﬂcg”) SN W [rcas| Teqek TeaM | (Initial value :  00*0 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/2’ only
10 : Internal clock fc/2°

11 : External clock {TC4 pin input)

TC4CK | TC4 source clock select

0 : Stop and counter clear

TC4S TC4 start control
1: Start

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

Note?2: Set the operating moade, the source clock selection and the edge selection (TC4ES) when
the TC4 stops (TC45 =0).

Note3: Always write 17 to bit 7 and bit 6 1n 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-

maodify-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 counteris cleared.

Source clock Resolution (At f¢ = BMHz) Maximum setting time (At fc = 8MHz)

fer2" [Hz) 256 s 65.28 ms
fc/ 27 16 us 4.08 ms
fer2? 1 s 255 #5

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

(2) EventCounter Mode
In this mode, the TC4 pin input {(external dlock) 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.
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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 (5CL) in the I°C bus
mode; and through P34 (5TK), P36 (50), and P35 (51} 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/O 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 1hit acknowledge) unit.

2.8.1 Configuration

— - INTSBI Interrupt request
SCL
{ SCK
{
;C 6 | SI0 | Input/
ff:/l§7 - Clock Output
Control
/28 = ek Channel
fe/29 > Select T Control
2197 ¢ reue +
fe/212 -—
fe/215> —| SI0 so Jso
Transfer Data Sl SDA
Control A 1 Control /sl
12C bus Circuit v SCL
clock sync. ! TR
+
Control Y
Shift RC Bus
data
Register —~— Noise
- Control [ Canceller SDA
y S |
SBICR2/
SBISR {2CAR SBIDBR SBICR1
5Bi Control Register 2/ 12CBus SBI Data $BI Control Register 1
$B] Status Register Address Register Buffer Register

Figure 2-26. Serial Bus Interface (SBI)

2.8.2 Serial Bus Interface (SBI) Control
The following reginsters are used for control and operation status monitoring when using the serial
bus interface (SBI).
® Serial businterface control register 1 (SBICR1)
® Serial businterface 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 Control”.
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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 2C bus mode are shown below.

(a) Addressing format
«——8 bits——»| 1 [«——8 bits ———»{ 1 |« 8 bits »! 1
TTT TV T IrlA A A
S| Slave address /jC Data C Data cip
WK K K
i - 1ormore —————>|
{b) Addressing format (with restart)
%———38 bits ———=| | |«—-——8 bits——>»| 1| |[«—8 bits > 1 8 bits 1
FE T T TTTRr[A A T TTTTTTrlA A
S| Slave address |/|C Data C|S| Slave address /|C Data c|P
W K K W] K K
1 - 1 or more 1 1 or more —|
{c) Free data format
8bits 1 |«——8bits > | 8 bits 1
T T ETT |a A A
S Data C Data C Data C|P
K K K
1 > 1 or more
(Notes}  § : Startcondition
RAW : Direction bit
ACK : Acknowledge bit
P : Stop condition

Figure 2-27. The Data Formatin 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.

Serial Bus Interface Control Register 1

SBICR1 7 6 5 4 3 2 1 0
| Sulediufule ieiebeian Saiainte -
(00204)  1"rg Thg" T ho" [Ack [ 0" ] sck | (initialvalue x++0 0000)
0: Acknowledge not returned to transmitter. Read/

ACK | Acknowledge mode specification .
9 P 1 : Acknowledge returned to transmitter. Wiite

000 : fu/26 [Hz] (125kHz) )

001 : f/27 [Hz] (62 5kHz)
010 : fu28 [Hz] (31 2kHz )

seK Frequency of Serial clock (fscy) 011 : fu29 [Hz] (15.6kHz) > atfc=8MHz Write
selection (only master - mode) 100 : fgf210 [Hz] (7.8kHz) only
101 : fe212 [Hz] (1.9kHz) ( Output on )
110 : fo/215 [Hz] (244Hz) J SCL pin
111 : reserved
Note1 : * don'tcare
Note 2 : The SBICR1 (bit7, 6, 5, 3}is writed to normaly "0~

Serial Bus Interface Data Buffer Register

9BIDBR 7 6 5 4 3 2 1 0

(00214) | Read / Write
1 1 1 | | L 1
12C bus Address Register
7 6 5 4 3 2 1 0
12CAR Slave address ALS .
ALS Address recognition mode 0 : Slave address recognition Write
specification 1: Non slave 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
inipieink Eaialinieis |
0023} fmsTfvrx ]| 8B [ PIN [ saim [ 70" 1 "0" 1 (rutialvalue 0001 QOxx)
MST | Master/slave selection {Write), 0: Siave
Status monitor {Read) 1: Master
TRX [ Transmitter/receiver selection (wnite), | 0 : Receiver
Status monitor (Read) 1: Transmitter Read/
BB Start/stop generation (Write), 12C bus 0 : Stop condition (Write) , Bus free (Read) Write
status monitor (Read) 1 : Start condition (Write}, Bus busy (Read)
PIN | Cancel interrupt 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 : SI0 mode Write
SBIM 7
selection 10 : 1*C bus maode only
11 : Reserved
Note1: *:don'tcare
Note 2: Switch a mode to port after making sure that a bus is free.
7 6 5 4 ) 3 i 2 1 Q
sgisk  [msTiTrx | e [ en|  [aasTapo] ire |
{0023, .
AAS [ Slave address match detection monitor | 0: -
1 : Siave address match or "GENERAL CALL" detected
ADO {"GENERAL CALL" detection monitor o: - Read
1: "GENERALCALL" 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 1?Cbus Mode

{1) Acknowledge mode specification

B 9097249 0027316 700 WA

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.

$CLline /1 2 3 4 5 6 7 s\N_/ 9o \__

SDA line D7 X D6 X D5 X D4 X D3 X D2 X DI X DO

SDA pin 7
- Data transfer

Acknowledge signal

Figure 2-30. Acknowledge 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 output dock is more 2/fc [s], “High” period of clock
is extended. !f 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 = tsaL ]

(@) tre< (2710 [s] . the=tic=tscL/2[s]  (tscu=1/fscL [5])

«— 1/Fsq [5] ———|w—1tyc —> |1t c —~
SCL pin
{output) 0.5vVDD

—_— ] |—

tre
FscL = fscL

{b)trc = (2/f) [s] . thc=tscLls] , tie=1scL/2 [s]

~——1/Fs¢, [5] thc tic—-

SCLpin
(output) / \ 0.5vDD \

—_—|  |—

tre
FscL=fscL/ 1.5
SCK FscL (at fc=8MHz)

(bits2 to 0in the SBICR1) tpe < 250 [nS] 250 [nS] = tre
Q00 125. kHz 833 kHz
001 62.5 kHz 416 kHz
010 31.2  kHz 208 kHz
011 156 kHz 10.4 kHz
100 78 kHz 52 kHz
101 1.95 kHz 1.3 kHz
10 0.24 kHz 0.16 kHz

Case {a) Case {b)

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 12CAR. 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 12CAR 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 (RAW)
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 TRX is 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 befare 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".

[ ae X a5 X ar X A3 X a2z X Al X a0 X rRW / T

| I |
Start Slave address and the direction bit | Acknowledge
condition | sighal

Figure 2-32. 5tart 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.
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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 PINis "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
toffrom the SBIDBR setsthe PINto "1".
The time from the PIN being set to " 1" until the SCL pin is released takes tiow.
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 (ali 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 I’C 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 I2CAR. 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) Lastreceived 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 Transferin 12C bus Mode

(1) Device Initialization
Set the ACK, CHS and SCK in the SBICR1. Specify "0" to bits 7to 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.

B 097249 0027319 41T 1M 3-260
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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 signai is
returned from the slave device.

SCL pin i 2 3 4 5 6 7 8 9
1
|
SDA pin :\ /A6 XAs  Xaa XAz XAz XAl XAD XR/WY\_JL_', -
J

1 ]
=- t‘ — —v Acknowledge
Start condition L . signal froma
Slave address + direction bit slave device

PIN L
INTSBI <

interrupt
request n

———mm =

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

{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 made)
Test the TRX and determine whether the mode is a transmitter or receiver.

@ When the TRX s "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 Xp4a X03 XDz XDt X00 )(_.\_i'

Acknowiedge signal
PIN _l from a receiver

INTSBI interrupt request CI |

Figure2-35. Example of when BC ="000", ACK="1"

3-261
M 9097249 D027320 131 MW

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6145977/tmp87ch33n.html

TOSHIBA

TMP87C833/C33/H33

@ 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 pulse 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.

v |

INTSBL
interrupt request -

__________ xp3__Xp2__ i _JXB‘_’__Xf\_j@PT

to a transmitter

.

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".

interrupt request

SCL pin 9 1 2 3 4 5 6 7 8 9
SDApIn | b7 ¥De ¥Ds vpa ¥D3 o1 owp1 Ypo S .
"""""" A A AL A AT AL A S \—Acknowledgesignal"H"
sent to a transmitter
v L] L
INTSBI

1 L.

0" = ACK
Read SBIDBR

—_t -

Figure 2-37. Termination of data transfer in master receiver mode
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b. Whenthe 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 ADD
(bit 1in the SBISR) and implements pracesses according to conditions listed in the next table.

TRX | AAS {ADO Conditions Process
1 1 0 |Intheslave 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 fram the master is
"1,

V) 0 [Inthe slave transmitter mode, 1- Test the LRB. If the LRB issetto "1",
byte data is transmitted. set the PIN to " 1" since the
receiverdoes not request further
data. Then, reset the TRX to release
the bus. Ifthe LRB issetto "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 masteris "0".

0 | 1/0 |In the 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,,

"4 = MST
"4 > TRX
"0 ~>B8

“1" >PIN

SCL pin

SDA pin

Stop condition
£

i

PIN

L

\

BB (Read)

{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° s ST “17 > MST
0" —> TRX VTR L
-0* B8 “1"—>B8
"% PN 1" = PIN
‘ 4.7 45 (Min.)

— Start condition

SCLpin

(87C833/C33/H33) / 9\

SDA pin l__/

LRB

S’ N >

B8

T

Figure 2-39. Timing diagram when restarting the 87C833/C33/H33
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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 SI0 mode.

Setial Bus Interface Control Register 1
$SBICR1 7 6 5 4 __3__ 2 1 4]
0020w [sios [ §0 [ siom [~0" ] sck ] qnitialvalue 0000 0000)
S10S | Indicate transfer start/stop 0:Stop
1:Start
SIOINH [ Continuel/abort transfer 0: Continue transfer
1: Abort transfer (automatically cleared after abort)
SIOM | Transfer mode select 00 : 8-bit transmit mode
01 : reserved
10 : B-bit transmit/receive mode )
11 : 8-bit receive mode Vg:‘lltye
000 : fc/26 { 125kHz) |
001 : fv27 ( 62.5kHz)
010 : fy28 (31.25kHz)
. 011 : f29 (15.62kHz) > atfec=8MHz (Output °">
SCK | Serial clock select SCK ni
100 : /210 ( 7.81kHz) CK pin
101 : f¢/212 ( 1.95kHz)
110 : §215 ( 244Hz)
111 : External clock (input from 5CK pin)
Note 1 : fc; high-frequency clock [Hz], * ; don’t care
Note 2 : Set the 5105 to "0” when setting the transfer mode or senal clock.
Serial Bus Interface Data Buffer Register
SBIDBR 7 6 5 4 3 2 1 0
(0021,) I Read / Write
i i 1 1 1 1 1
Serial Bus Interface Control Register 2
SBICR2 5 4 2 1
{0023, - 7 . 6 c 3 .. .0
FOT 0T 0T TNt [ SBME§ 0T o T0T o (initial value  wxxx 00x)
00 : Port mode (senal bus interface output disable)
SBIM Serial bus interface operation mode 01 :510 mode Write
selection 10 : 12Cbus mode only
11 : reserved
Note 1: *; don't care
Note 2 : Switch a mode ta port after data transfer is complete.
Serial Bus Interface Status Register
SBISR 7 6 5 4 3 2 1 0
{00233) - ©- et a7 e o PR G
T [sor e ]
SIOF | Senal transfer operating status 0 : Transfer terminated
monitor 1 : Transfer in process Read
SEF | Shift aperating status monitor 0 : Shift operation terminated only
1: Shift aperation in process

Figure 2-40. Serial Bus Interface Control Register 1/5erial Bus Interface Data Buffer Register/Serial Bus
Interface Control Register 2/Serial Bus Interface Status Registerin $10 mode
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(1) Serial Clock
a. Clock sgurce
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 3CK 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——=|

5CK pinoutput l I'll |2| |3. 71 |8 1 2 |l 171 18] 111 j2f I3
sopnovtout  \eoXeen sk e XeoXer b XbsXbeXbr Ko Ke Kes
~ A
Write transmitted dataya 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
levels in the serial clock. The maximum data transfer frequency is 250kHz (when fc = 8MHz).

tsckr tscin
tsekLs tsexn > 4 teye Note : tcyc =4/fc (in normal mode, 1dle 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.
O 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).
5CK pin Y Y [TY Y[ Y Ty v v
50 pin N\ bito X bitt X bitz X bit3 X bitd X bit5 X bite X bit?
Shift register Xo550321807654321 X s 1765432+ 2476543 e 117658 244765 s 1002076 2120227

{(a} Leadingedge

SR pin LA LA LA LA LA LA LA LA
$1 pin \bgtO X bit1 X bitz X bz X bita X bits X bite X bit7

--"—-nXl'nnn 10w-nnx21(]v"" 3210%x2= RA3270+ 2+ R 543210== A 6543210« A 76543210

Shift register

(b) Trailing edge Note: = don’tcare

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.

a. 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 SBIDBR 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 ta "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 SICINH is set, transmitting data stops. The SIOF turns "0,
When the external dlock is used, it is also necessary to clear the SI0S to “0” before new data is
shifted; otherwise, dummy data is transmitted and operation ends.

3-267
B 9097249 002732L b5T 1M

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6145977/tmp87ch33n.html

TOSHIBA

TMP87C833/C33/H33

Clear 5105

5105

SIOF

SEF
$CK pin (output)
SO pin

INTSBI interrupt
request

SBIDBR

Write transmitted data

(a) Internal clock
Clear SI0S

g

5105

SIOF

SEF
3CK pin (input)

$O pin

INTSBI 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
JRS

STEST2 TEST
IRS
LD

(SBISR) . SEF ; IfSEF=1 then loop
F,STEST1
{P3).6 : SCK=0 then toap
T,STEST2

{SBICR1), 000001118 ; SI0S«0
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SIOF l

S0 pin bite X b7 7

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 5l 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 externaily, 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 dearing the SIOS to “0” by the buffer full interrupt service program
or setting the SIOINH to “17. 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 tc 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 “07, read the last
data, and then switch the mode.
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fe————————— Clear 5105 ———>|

-
SI0F N \ \(’I_
S—

SEF

SCK pin {output)

Sl pin

INTSBI interrupt
request

SBIDBR X 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 SI 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 befare 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/receive mode ends when the transfer is complete.
In order to confirm if data is surely transmitted/received by the program, set the SIOF (bit3 in the
SBISR) to be sensed. The SIOF becomes “0” after transmitting/receiving is complete. When the
SIOINH is set, transmitting/receiving data stops. The SIOF turns “0”.

Note : When the transfer mode is switched, the SBIDBR contents are lost. In case that the mode
needs to be switched, conclude transmitting/receiving data byclearing the SIO5 to “0°,
read the last data, and then switch the transfer mode.
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sIQs

SIQF

SEF

SCK pin
(output)
SO pin

Slpin
INTSBi interrupt

request

SBIDBR

[«————— clear 5105 —>|

X a b X d
v
Write transmitted Read received Write transmitted Read received
data (a) data () data (b) data (d)

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

SCK pin I i
SIOF I———
50 pin bité X Brt7in last transmitted word /
.
tsopn =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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2.9 Remote control signal processor/external interrupt 3 input pin

The remote control signal waveform can be determined by inputting the remate control signal
waveform from which the carrier wave was eliminated by the receive circuit. When the remote control
signal processor/external interrupt 3 pin is also used as the P30 port, set the P30 port output latch to 1.
When it is not used as the remote control signal processorfexternal interrupt 3 input pin, it can be used
for normal I/Os,

2.9.1 Configuration

o211 —
fc/210>—
fo/28 >—
fe/27
fo26 >
fc/25 > R bt
$/22 Dy :::::erl :> Receive bit counter value monitor (RBCTM)
h§
[ selector | 1
RNC
Polarity Interrupt
INT3/RXIN Noise canceller INT3
O setect NCM select > Interrupt
A A INT. request
EINT
Measurement
width select 8-bit up- :> Remote control receive
LSeiector ! counter counter register (RXCTR)
A4 fc/26 [} | Match detect
fc/28 > | Shift register
L ¢ fg2i0 SRM
213 2’_-<fc1212 2 4], U
RPOLS | i RCCK  RMM Y YRCS 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 processot/extiernal 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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Remate control receive control register 1
7 6 5 4 3 2 1 0

RXCR1
T ] 1 )
OF00W [ rcoc [reos] emnr | RNC | (nitisl value: 0000 0000)
00: f¢/25 [Hz]
01: fe/28
RCCK | 8-but up-counter source clock select 10 fo/210
11 fo212
RPOLS | Remote control signal polarity select 0: Positive
signal polarity ¢ 1: Negative

00: Rising edge

01: Faillingedge  (when RPOLS = 0)
10: Both edges Read/
11: 8-bit receive end Write

000 : Noise canceler disable
001 : 22Hex7-1/fe [s]
010 : 25Hcx7 -1/

Noise canceler noise eliminating ime (011 :  26ffcx 7 - 1/fc

select 100 :  27ffcx 7-1/ic

101 : 28Hex7-1/fc

110 ;. 20/fex 7 - 1/fc

111 2MWfex7-1/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.

EINT |Interruptsource select

RNC

Remote control receive control register 2

RXCR2 7 6 5 4 3 21 0
{OFD1y) | T creaa | I RCS I l RMM I (Initial value: 0000 000)

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 lHZ] qat fc=8MHz
Tth =256 [ s}
RCS | 8-bit up-counter start contral ? :top and counter clear Read/
: Start Write
00:
Measurement mode select (invalid 01:
RMM
when EINT = “10”) 10: See table 2.6
11:
Notel: 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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Remaote control receive counter register

7 6 5 4 3 2 1 1]
RXCTR T T T T T T T |

(0FD2y) |

Read Only
{Initial value : 0000 0000)

Remate control receive data buffer register

RXDBR 76|5|4.3|2|1|0J

(D3 [
Remote control receive status register

7 6 5 4 3 2 1 0
weim ] [over | sam [ncw] (Initial value : 0000 « 00O)

Read Only
(Initial value : 0000 0000)

RXSR |
(OFD4y)

RECTM | Receive bit counter value monitor

. 0: N fl
OVFF | 8-bit up-counter overflow flag : 0 overtiow
1: Overflow Read
‘e . 0: Measurement data < when Tth =“0" Only
SRM Data buffer register input monitor 1: Measurement data > whenTth ="1"

fRemote control signal monitor after
passing through noise canceler

RNCM

Figure2-51 Remote control receive counter register, data buffer register, status register
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RPOLS EINT RMM Interrupt source Measurement mode
00 —r ][]
—
00 10 f | f — P —
11 |<—->I |<—>
o1 —==l=
0 o1 10 % { — T -
1 |<—>| l-(-»
10 -— f——{_—f { —>I<—>|<—>I<—><—
00 =
i1 Receive end
10 — e e
00 —
00 10 | 1 | } |<+| <—>|
11 — - -
01 Y o
— T
1 10 .
| Ealall=N=1
" e [ i B
- | U oy |
10 T T T s o it i
00 SN B B Rt
1 Receive end
10 <—>i |<—>|

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 f¢ = BMHz Maximum ,no_ise width to be at fc= 8MHz
eliminated

000 — e

001 (25 +5)/ fc Is] 463  [us] (22 7-1)11f¢c [s] 3.38  [ws)

010 (28 +5)/ fc 32.63 (25x7-1)11c 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 (286x7-1)/fc 223.88

110 (213 +5)/fc 1.025 [ms] (210% 7 - 1)/ fc 89588

111 (214 +5)/ fc 2 049 (211 %7~ 1)/ fc¢ 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 medes

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\Y

NeRM | (? ((

RCCK | (( | | | I E( I I |
8-bitup ))
counter value :)\_2D( FE XFF \ v J(Z

Y Setto 1 by command.
RCS ((

OVFF 2)

W

o \ i

Receive bit —n-_l—x-n—?/ |
counter values Ne
A

A

swcmn. o1 X2 () [ ¢
D) ‘L0

AN

+ : Valid only when B 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 - CINO) can be detected as 64-stage by setting
reference voltage.

The comparator input pins CIN3-CIND can also be used as ports P57 - P54.
When used as a compatrator input, the output latch should be settc “1".

2.10.1 Configuration

Comparator input control register
CMPCR
san 3.} ECMP . )
¥ Comparison result register
PS7{CIN3) O—— _ - CMPDR
o - -
P56{CIN2) —] « =
- 3
PS{CINT) g - 6-bit D/A convertor [ Vaer CouT3~COouTo
P54 (CING) [}— ' ¥ ﬁsvaer Comparator
CMPDR
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 control register (CMPCR) and a
comparator input data register (CMPDR). The CMPDR contains a reference voltage setting register

(write-only) and a comparison resulit register {read-only).

Comparator Input Control Register

CMPCR 7 6 5 4 3 2 1 0

oooe)  [EMP] i L SN ] el value: 0ve 000

eemp e " t control 0 : Disable Comparator input
omparaterinput contro 1 . Enable Comparator input

000 : 1 channel (CIND) write
001 : 2 channels(CINQto 1) only
010 : 3 channels{CiNOto 2)
011 . 4 channeis (CINQ to 3)
1** . Reserved

Number of Comparator

SCIN input channels select

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

Comparator Input Data Register

.7__ L 6 . 5 4 3 2 1 0
CMPDR ; | , . SVREF , | (initial value :  *x00 0000)
(000Fy) o T
: Do L omm o [couts |cout2 [ couTt [couTo]
Reference voltage (Vger) write
VREF V=V VREF + 1 4 [V SVREF =0to 63
5 setting rep=Vpp x (5 +1)/64[V] ( 063} only
COUT3 - ] ; ; | d
Tto Comparison result Re_sult of comparing the CIN3 - CINO pin analog input voltage reaI
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 (Vggr) 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; therefare, 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 (Vrer). COUT3 - COUTO are set to “1" if the input voitage {pins CIN3 -
CING) is higher than the reference voltage (Vrer) ; otherwise those are cleared to "0”.

Note 1 :

Note 2 :

Note 3 :

Example
LD
LD
LD

LD

When entering STOP mode, ECMP is automatically cleared and SCIN/SVREF 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 out as “1” when not used as @ comparator input. For example, bits 7 to 3 in
CMPDR are always read out as “1” when SCIN =010,

Comparates the CIN3-CIND inputs with Vgge = 2.5V (At Vpp = 5V).

(P5), 111111118 ; Sets port PS5 output latchesto "1,
(CMPDR), 00011111B ; SetsVgge= 2.5V
{CMPCR), 100000118 ; Sets SCIN to 4 channels and Enables comparator input

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

A, {CMPDR) ; Reads CMPDR (COUTO~COUT3).

. SVREF . Vrer [V}

S 4.3 210

0.0 . L0 0078

0.9 Lo v 0356

0.0, 18y 0238

door o a8 Asaa

ooy v o 482

1 L S S 5 000

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

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
I/0 ports as; P40 (PWMO) to P47 (PWM7), P50 (PWMS), P51 (PWMI). When these ports are used PWM
outputs,the corresponding bits of P4, P5 output latches should be setto “1”.

2.11.1 Configuration

PWMO

§

PWM1
PWMS

Q

H
R

T
x9

S
R

|

|

_—| Match signal
T
i

ALL *0*
ALL"0"

Match signal clock

7|6|s|4[3|2|1|-5&m
NS
Addrtional

pulse generate
creut
{f} 1
T T
Data }ranster buffer

|
| rl
e

|
PWM{Q Data latch

Compare arcurt
T
I T
Data transfler hulffer
{ I
T T
PWIV:DBR )
PWM Data Buffer Register

[ 1
LI T
T T
1 1

T
'™

1
T
]

¥
¥
1
1
1

Binary counter
T

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/ [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 = Tp/64), which is the sub-period of the PWMD. When the 8-bit data are decimal n
{0 = n = 255), this pulse width becomes n x tg, where tg=2/c.
The lower 6-bit of 14 bit data are used to control the generation of additional to wide pulse in each
Ts period. When the 6-bit data are decimal m (0 £ m < 63), the additional pulse is generated in each
of m periods out of 64 periods contained in a Ty period. The relationship between the 6 bits data
and the position of TS period where the additional 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.i of Tg g is listed)
Bit0 32
Bit 1 16, 48
Bit 2 8, 24, 40, 56
Bit3 4, 12, 20, 28, 36, 44, 52, 60
Bit4 2, 6,10, 14, 18, 22, 26, 30, -, 58, 62
Bit5 1, 3,5 7,9 11, 13, 15, 17,++, 59, 61, 63

Note: When the corresponding bitis 17, it is output.
Table 2-10. Correspondence between 6 Bits Data and the Additional Pulse Generated TS Period

(2) PWM1 -PWMOI 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 iliustrated in Figure 2-59.

Tp = 64Tg
Ts o) Ts¢1y N Ts (63) _
-~ » g
nx .to —>| —-— —>| A
PWMO
0
4
Pulsewidth=nxty |Pulsewidth= (n+ 1)1y
-— Ty —>|
PWNM1
§
PWM9 I e

|<—»| Puise width =k x 15

Note1:  Itisshown to the additional pulse Ts ) and Ts (53) of the PWMQ.
Note2:  Ts=29/fc(64us, fc =8MHz), Ty =28/fc(32us, fc =8MHz)

Figure 2-60. PWM Output Wave Form
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2.11.3 Control

PWM output is controlled by PWM Control Register (PWMCR) and PWM Data Buffer Register (PWMDBR}).
The status of transfer PWM data from PWMDBR to PWM data latch is read by PWMEQT of PWM status

register (PWMSR).

PWM Control Register

oo 5.4 3 2 1 0
PWMCR _ s - PWMDLS | (nitial value  «x2+0000)
(0025H) N e eeeee v ea . . 1 1
0000 : Lower 6-bit of PWMO
0001 : 8High-order bits of PWMO
0010 : PWMI
0011 : PWM2
0100 : PWM3
0101 : PWMS4 write
PWMOLS PWMfSeIectand Data 0110 : PWMS only
Transter 0111 : PWMs
1000 : PWM?7
1001 : PWMS8
1010 : PWMS9
1011 : reserved
1100 : PWM Data Transfer
1101 : reserved
111* : reserved
PWM Status Register
7 68,324 3 2 L
BWMSR L e .
(OUZSH) . . ete immaeaide meae s mr o h e em e ..
PWM data 0 : End of Transfer read
PWMEOT End of PWM data transfer flag 1 : Under Transfer only

PWM Data Buffer Register

7 & 5 4 3 2
PWMDBR L :

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 PWMDBR.
3. Write "0CH" to the PWMCR.
When switching of the output data is completed, the end of PWM data transfer flag hecomes
“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/c [s] (64us, at
fc = 8MHz) for PWM1 - PWMS cutput.

Example: PWMO pin outputs 3245 pulse width without the additional pulse.
PWM1 pin outputs 16 s pulse width.
PWM2 pin outputs 845 pulse width.
Note : at fc =8MHz

LD {PWMCR), 00H : Select lower 6-bit of PWMO
LD (PWMDBR), 00H ; Without the additional pulse
LD (PWMCR), 01H ; Select § high-order bits of PWMO
LD (PWMDBR), 80H ;32us + 2/fc=80H
LD (PWMCR), OCH ; PWM Data Transfer
WAITQ: TEST (PWMSR). 7 : PWMEOT =07
IRS F, WAITO
LD {PWMCR), 02H ; Slect PWM1
LD (PWMDBR), 40H ; 16,45 + 2/fc=40H
LD (PWMCR), OCH ; PWM Data Transfer
WAIT1:  TEST (PWMSR}. 7 ; PWMEOT =07?
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 JPWMEQCT =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
7 6 5 4 3 2 1 Q

PULSECR R - e T SPF | T T (Initial value  xxex 111%)

(0027) O I 1 s
000 : f¢/27 [Hz] { 62.5kHz, fc = 8MHz )
001 : fug26 { 125kHz, - )
010 : {25 ( 250kHz, ” )

Select pulse frequency 011 : fe/24 ( 500kHz, - )
SPF 100 @ fo23 ( 1MHz, . W

101 @ fy22 ( 2MHz, - )
110 : reserved
111 : Disable the pulse output

Note : fc,; High-frequency clock *; don‘tcare

Outputlatch

Outputdata ——|D Q P52 (PULSE)

Selecter

fc/27 >—— A
fe/26 >— 8
fd/25 >——C
fd24 >——D
fc/23 >——E
fe/22 > F

VDD{_—
{H 5

SPF
| PULSECR I

Pulse Output Control Command Register

Figure 2-62. Pulse Qutput Circuit

3-289
BN 9097249 0027348 210 =

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6145977/tmp87ch33n.html

TOSHIBA

TMP87C833/C33/H33

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 :

256 (128 in 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)

7 (one per character)
Fringe colors 7 (one per page)
Background colors : 8 (one per page)

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

@ Display position : 128 horizontal steps and 256 vertical steps

® Full-raster blanking function

@ Blinking function

@ Underline

@ Solid space

@ Stant function {italics}

@ Window function

® Display colors: Character colors

2.13.1 Configuration
TLCS-870CPU
ROM RAM Clock ¢ D XiN
8K/12K/16K bytes || 1K bytes generator _,D XOUT
interrupt
05¢t [ oscliation . 05D controf
circuit -
oscz [ ]~ _ _ T
| Horizontal position J -
counier
. [» X
J— 4> Display memory -
P70 (D) [} 4 32 8 x 14-bits :>3 MLIN
Horizontal position F Character B | o
decoder code :; ®
ot
.| Character ROM =S G v
- =
| Vertlcc:l!rﬁ)&srition J o??gg‘fg‘,?gbi},’ts . c RS -!—D P67(Y/BL)
-~ ] gaseels | 2 L
P71(VD) [T] PE5 (G
[ Vertical position r_ —’D (G)

decoder

—>|_—_| P64 (R)

tveuny 1
pet (8iN) [_]
P62 (GIN)E — >
P63 D_

(RIN/
FIELD)

Output signal

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 00 to FFy). Each bitin
the character ROM corresponds to one dot. When a bitin 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(10) x 16 (10)
Nete: CRA: Character code (00 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
cade 014), 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 4000y going to 4FFFy in the
256K-bit EPROM. Write FF for all the data which has ***9, to ***F as an address in character ROM.

Bit

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

Q0104 784
0011y 84y
00124 04y
00134 184
0014y 04y
00154 04y
0016y B4y
0017y 784
00184 00y

(Character code 01p)

Figure 2-64. 8 x 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 isin an unknown state at reset.
There are two modes for writing display data to the display memory. One mode is used for writing all
display data (character code, color data, blinking specification, underline enable, and slant enabie)
simultaneously. The other mode is used for changing either character codes ar 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) .. CRA7 to CRAD
e Color data specification register (3 bits) ....... RDT/GDT/BDT

B 9097249 0027350 979 W 3291
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¢ Blinking specificationflag (1 bit) ............. BLF
e Underlineenableflag{1bit} ................. EUL
¢ Slantenableflag(1bit) ..................... SLNT

tsint | eue | eie | roT | Gor | BoT | cra7 | cras | cras | craa | cras | craz | crat | crao |
\ N 7

Color data Character code

Blinking specification flag

Underline enable flag

Slant enable flag

Figure 2-66. Display memary bit configuration

COLUMN

112131als|el78]|9|1o|11|12[13]14|15)16]|17]|18}19(20]|21|22{23]|24]25|26|27|28|29|30(31|32

LINE

1 oolo1loz 03 {0alos|o06 |07 |08 |09 joalos|oc|oD|oE |oF 10|11 [12]13[14|15|16]17|18]19 NA|1B|1C|1D|1E 1F

2 20|21]22(23 24125} 26|27 (28|29 |2a|28|2¢C |20} 2E | 2F 30|31 32|33 |34}35]36 (37 |3B{39|3A 38|3C{3D(3E|3F

3 40|41 5F
4 80 \\ 7F
5 80 : \\ 9F
6 A0 \\\ BF
7 |co ™ DF
s |E0 [ r FE | FF

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

Figure 2-67. Display memory address configuration

2.13.3 0SD circuit control
The OSD circuit performs control functions using the OSD control registers which reside in addresses OF80y
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 hotizontal direction the display is divided into 128 segments. The horizontal 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 V510 (ORVS1). The vertical display start position for lines 2 to 8 are
specified by setting V527 to V520 (ORVS2) ... VS87 to VS80 (ORVSS).

M 9097249 0027351 405 WE 3-292
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Haorizontal 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)
Lines 1to 8 : HS16 to HS10 (ORHS1)
Vertical display start position registers (8 bits x 8)
Line 1: VS17 to V510 (ORVS1)
Line 2: V$27 to V520 (ORVS2)
Line 8: VS87 to VS80 (ORVSS)

Horizontal display start position
HS1={(HS16~HS14) x 167 +(HS13~HS$10) x 160} x 2Tosc + 10Tosc
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 167 + (V5n3~V5n0) x 160} % 2Thp
Tosc : Onecycle of OSC oscillation

THo : Onecycle of HD signal
HD N
I
_____ '_...,..,,.,._-____________________.________-_____.____________________________________.
M h
' vs1  vsz  (vs3  [vsa [vs7  |vsB
i 4 ™
L]
S LT T O LT T T T Line
1
H 1
) .
; CLLL I L T T T T T I T Line 2
1
]
] y
)
[m] | ,
> ! Line 3
:
1
¥
1
‘
‘
{ Line 4
1
1
1
]
1
1
1
1
i Line7
1
i Line 8
Cos /
1
{Settings)
\ Lines1,2,7,and 8 Display on, small size character specfication
Line 3 :  Display on, middle size character specification
Line 4 1 Display on, large size character specification
tines5and6 : Displayoff

Figure 2-68. TV screen display image
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® Notices for setting horizontal dispiay start position
Lines of OSD (VS1 to VS8) are fixed priority levels as follows:
VS1>VS2>VS3 >VS4>VS85 >VS6 > VS7 > VS8

When horizontal display start positions are met as follows:
V51 V2= VS3= VS4S VS5S VS6= VST = VS,
if higher priority level line overlapps lower one, lower one is not displayed.

VS1 (display on)

V2 (display canceled) —:&\\\s\\\s\\\ ..........................

Figure 2-69. Qccasion of overtapping (V$1=VS2)

V51 (display on} -

Vs2 (display canceled) ———>} \\\&\\\% --------------------------

Vs3 {display on) >
o

Figure 2-70. Occasion of overlapping (VS1= 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:

VS1>VS2>VS3 >VS4>VSh >VS6>VS7 > V58,
if higher priority level line overlapps iower one, lower one is changed to higher one in the middie of
lower one.

V52 (display on) >

oy

NN ____ (display canceled) ;
DN

Figure 2-71. Occasion of averlapping {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.

i display lines are overiapped each other, there is a canceled display line. Set aspace for not
overlaping display lines, or set horizontal display start position out of display area.

B 9097249 0027353 Las WA 3-294
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(2) Double scan mode
The OSD circuit has a double scan mode. This enables counting by double steps in the vertical direction to
handle nen-interlaced scanning TVs. This mode also enables vertical display position to be set for the
whole screen. Setting the OSD control 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)
B Normal mode
S Double scan mode

(3) Character sizes and display en/off
There are three character sizes: large, middie and smali. 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 OSD
control registers C511, C510...CS81, €580 (ORCS4 and ORCS8).

Charactersizes : 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:  C€S11and €510 {bits 1 and 0 in ORCS4)
Forline2: €521 and €520 {bits 3 and 2 in ORC54)

Forline 8: {581 and CS80 (bits 7 and 6 in ORCS8)

cSni cs5n0 Character size Display onfoff
1 1 Small On
i 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)
Dot size Character size Dotsize Character size
Small 2Tosc X 1 Thp 16 Tosc x 9 Twp 2Tosc X 2Twp 16 Tgse X 18Ty
FORS = 0
(normal mode) Middle 4Tose X 2 Thp 32Tosc x 18T A4Tosc x 4 Typ 32Tosc x 36 Tup
Large 8Tosc X 4 Typ 64 Tose X 36 Thp 8Tosc x 8Tup 64 Tosc x 72 Typ
Small 1 TOSC x 1 THD STOSC X 9THD 1 Tosc X ZTHD 8Tosc x 18 THD
FORS = 1 vhddi 2T 2T 16 T, 18T, 2T 4T, 16T x 36T
X x
(double frequency mode) ddie osc X £ lyp 05C HD 0sC HO QscC HD
Large 4Tosc x 4 Typ 32Tasc x 36 Typ 4 Tase X 8 Tp 32Tosc x 72 Typ

Tosc: One cycle of OSC oscillation Tup: One cycle of HD 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 character image.

8 -

-

r 9
| ¥ 1 , Spacearea

b

9 ; Characterdisplay area

1 , Spacearea
1 ; Underline area
1 , Spacearea

FERYEVEY
e

Figure 2-72. Display characterimage

{5) Smoothing function
The smoathing function is used to make characters look smooth. Enabling smoothing displays 1/4 of adot
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 (1 bit) ...... ESMZ (bit 5in ORETC)
0" L No smoothing
“r 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 1/2 a dot (1 dot for small characters). This
occurs 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. [fthereisan
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 register to “1".
A fringe color, which is comman to ali 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 sefected in 7 colors.)

Fringing enable register (1 bitx 8)

line 1 EFR1 (bit0in OREFR)

line 2 EFR2 (bit 1 in OREFR)

Iir.1e8 EI;RS {bit 7 in OREFR)
B 9097249 0027355 450 WA 3-296
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Fringing specification
EFRn (n: 1to 8)

B U No fringing
B A, 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 biank data)

This function is specified for each display page by setting the OSD cantrol 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)
¢ 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 6in 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 6in ORBK)

B 5097249 0027356 397 MR 3-297
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0T No full-raster blanking
i AP 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 fgsc 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" - Firstfield 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 a frame (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 (bits 7 to 0 in ORCRA})
CRA7 to CRAD (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)

ROT GDT BDT Character color

0 0 1 Blue

¥; 1 0 Green

0 1 1 Cyan

1 v] 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 - SOL11 and SOL1Q (bits 1 and 0in QORSOL4)
Forline2 -- SOL21 and SOL20 (bits 3 and 2 in ORS0L4)

Forline8 - SOL81 and SOL8O (bits 7 and 6 in ORSOLS)

Solid space specification
The solid space control functions as follows:

SOL*1/50L+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)
{samae 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 (1bit) -+ EUL (bit4in QRDSN) (this resides in the display memory)
"o -« No underline

e - Underline

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)

N ——
X —_ —

3

9

13 Display character area
3
¥

EUL=0 EUL=1

Figure 2-76. Underline
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| - 32 columns

- BT LTI <
Solid space »—S N — Solid space
g S naannnannnsnnannnnnnannnnnnnnnnn b)) A

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

Blinking master flag (1 bit) -+ BKMF (bit 6 in ORETC)
“Q” «+ Blinking function disable
“1" - Blinking function enable
(Characters whose BLF is set 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" .- Nosiant
i « 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" - Aninterrupt request is generated when scanning of a line specified by the
value setin ISDC is finished (falling edge of HD signal).
" 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 biank 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 of display of line 1

“0010" - End ofdisplay ofline 2

“0011" - Endofdisplay of line 3

"0100" - Endofdisplayoflined

“0101" -- Endofdisplay ofline5

“0110" - Endofdisplayofline 6

“0111" - End of display of line 7

“1000" - Endofdisplayofline8

"1001" - Endofdisplay ofline9

“1010" -+ End ofdisplay ofline 10

“1011" -+ End ofdisplay of line 11

"1100" -+ End ofdisplay of line 12

“$101” - Endofdisplayofline 13

“1110" - End of display of line 14

“1111" - End of display of line 15

Interrupt generation line specification register (3 bits) - ISDC {bits 6 to 4 in ORIRC)
When the lower 3 bits in DCTR are set as follows:
"0o0" - 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" - Interrupt request generated at display end
“111" - Interruptrequest generated atdisplay end
3-301
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{19) P6 portoutputselect
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 P64S (bits 7 to 4 in ORPGS)
"0" - R, G, B, Y/BLsignal output
1" - Port contents output

(20) OSD pin output polarity control
Output polarity control

Output 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)

Qutput pelarity control
**IV
“0" -~ Active high
“1" Active low

(21) OSD pin input polarity contral
Input polarity cantrol

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
*‘k”
“0" - Active high
1" Active low

(22)  Y/BLsignal select
Y signal -- Logical OR forR, 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 004: blank data)
When EXBL = 1 {full-raster blanking) :
Qutputin the whole page

Selects of either Y or BL signal output from the Y/BL pin

Y/BL signal select register (1 bit) - YBLCS (bit7 in ORETC)
"0" - Ysignal output
1" BLsignal cutput
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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) MPXS1/MPXSOQ (bits 3 and 2 in ORETC)

“00” Simultaneous output (Signal from the OSD circuit has higher priority.)
“01” Output of signal from internal OSD circuit
"10" Output of signal from externally input

11" 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 DMAD, CRA7 to CRAQ, RDT,
GDT, BOT, BLF, EUL, SLNT, MBK, MFYWR, RDWRV.

¢ Display memory read mode specification register (1 bit)
0" Normal mode
1" Read-modify-write-mode

MFYWR (bit 0 in CRP&S)

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

"1"

Data write mode
Data read mode

+ Display memory bank switching register (1 bit)
”0 L
"1 ”

MBK {bit 0 in ORETC)
Access to either character code or character display options
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) -+ SLNT, EUL, BLF, RDT, GDT, and BDT (bits § to 0 in

1 Noaddress change at data read or write

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

DMAT to DMAO (bits 7 1o 0 in ORDMA)

- CRA 7 to CRAGO (bits 7 to 0 in ORCRA)

ORDSN})
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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 DMAD set

NOP

* jnsert 2 NOP-instructions

NOP

Y

Display memory data read

NOP

* insert 2 NOP-instructions

NOP

\

Display memory data read

Example 1: A program before refining

LD Hi, OF93H

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

LD C,(HL ; Display memory data read
Example 2: A program afterrefining

LD HL, OF93H

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

NOP

NOP

LD G (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 simultaneously reading data from
multiple consecutive addresses and for simultaneously writing data to multiple consecutive addresses.

- Display memory read sequence -

@ Set MFYWR to 0. (Set to normal mode.)
@ SetMBKtoOQor 1.
@ SetRDWRVto 1. (Setto data read mode.)

@ Setthe display memory address to DMA7 to DMAD.

® Read data from CRA7 to CRAO, SLNT, EUL, BLF, BDT, GDT, and RDT. (DMA7 to DMAO 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.
@ Set RDWRV 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 DMAQ are
automatically incremented.)

® Same as above.
2. Read-modify-write mode
in read-modify-write mode, display memory addresses are automaticaily 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 MFYWRto 1.
@ SetMBKtoOor 1.

@ Setdisplay memory address to DMA7 to DMAGQ.

@ Read data from CRA7 to CRAD, SLNT, EUL, BLF, BDT, GDT, and RDT. (DMA7 to DMAQ are not
incremented.)

BB 9097249 0027364 ubL3 HE 3-305
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® Write data to CRA7 to CRAQD, SLNT, EUL, BLF, BDT, GDT, and RDT. (DMA7 to DMAOQ are
automatically incremented.)

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

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

(25) 0OSD control register write/read
The addresses of the QSD 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. (DMA?7 to
DMAD, CRA7 to CRAD, RDT, GDT, BDT, BLF, EUL, SLNT, YBLCS, BKMF, ESMZ, VDSMD, MPX, MBK,
P67S to P64S, RDWRYV, and MFYWR)

s Written data transfer register (1 bit) -~ RGWR (bit 2 in ORDON)
0" - Initialized state

»1" ... Transferswritten data to OSD circuit. (After transfer, RGWR is reset 1o 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
" Display enable

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

(27) Window
Function used to set upper and lower iimit of page. Window upper limit is specified by WVSH7 to
WVSHO. Window lower limit is specified by WVSL7 to WVSL0. 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)H x TTHD
WVSL = (WVSL7~WVSLO)y X 1THp
When VDSMD =1 (double scan mode) :
WVSH = (WVSH7 ~WVSHO}y % 2THD
WVSL = (WVSL7~WVSLO)H X 2THp
THD : 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 - —-- 7 _____
7 " Only this area is displayed.
WVSL --»f—--- z Z WVSL>WVYSH [Setting condition
Y

For 34 characters

TV screen

WVSH

i

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

EXBL EWDW Internal OSD BL output

0 0 Vertical direction : Character area is only dispiayed.
Horizontal direction : Character area is only displayed.

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

Vertical direction : Whole page is displayed.

1 o .
0 Horizontal direction : Whole page is displayed.
. : Vertical direction : Window area is displayed.
Horizantal direction : Window area is only displayed.

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

i 8 PR T Y
owao A8

©

SrEy R 0
RS

costs,
é‘
§.k

:Qwo i

\5"
3
7o
&

TVscreem mage
(EXBL=1, EWDW=0)
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{28) OSD contro! registers
ORHS1 7 6 5 4 3 2 1 9
(OFBO,) .
W g HS16]HS15|H514|H513]H512|Hs11|Hs1o| (Imitial value  *000 0000)
|HS16~10 l Horizontal display start position Vg,ﬂ'ﬁf
7 6 5 4 3 2 1 g
ORVS1 |vs17|v515|v515|vs1a|vs13|vs12|vs11|vs10| (Initiat value 0000 0000)
(OF81)
(%?232) |vsz7lvsze|v525|vsz4|vsz3|vszz|vsz1|vszo| (Initial value 0000 0000)
H
3]';;;3) BS37IvsaeIvs35]v534!vs33|vs32|vs31]VS30] {Inttial value 0000 0000)
H
2;::24) |vs47|v546|v545|v544|v543|vs42[vsm |v54ﬂ (Init:al value 0000 0000)
H
(%::555) Bss7[vssslvsss|vss4|v553|v552|v551]v550| (nitial value 0000 0000)
H.
(%’:ggﬁ) blSG?IV566|V565|V564|V563IV562|V561 |vsao| (Initial value 0000 0000)
H
ORVS? Ivs77|vs7s|vs7s|vs74|vs73|vs7z[vs71lvsml (nutial value 0000 0000)
(OF87)
3)';‘8’23) |V587|V586|V585|V584|V583|V582|V581 lvsso] (Initial value 0000 0000}
'H
| VSn | Vertical display start position for ine n Vg,ﬂ'ltf
ORCS4 7 6 5 4 3 2 1 0 (n=1~8)
(0F89;))
H | csa | cs3 [ cs2 I . | {Initial value 0000 0000)
ORCS8 | cs | cs7 [ cs6 | Css | {Initial value 000D 000D}
(OF8A) :
00: Display off
- Character size and display onfoff for line |01 :Largesize Write
n
n 10 :Middle size only
11 :Small size
OREFR 7 6 5 4 3 2 1 0 (n=1~8)
0F8B
(OF8Bx) |EFR8|EFR?IEFRG'EFRSIEFR4]EFR3|EFR2|EFR1| (Initial value 0000 0000)
0: Nofringing Write
EFRN Fringing enable for line n
1: Fringing enable only
(n=1~8)
ORSOLA 7 6 5 4 3 2 1 0
OF8C.
(OF8Cy) | soL4 l S0L3 | soL2 l SOL1 | (Initial value 0000 00G0)
1 1 A 1
ORSOL8 | SOL8 [ SoL7 | SOL6 l SoLs | (Initial value 0000 DOOO)
(OF8Dy) . - 1 !
H.
00: No solid space display
01 :Sohid space display left for 32
columns
Write
SOLn Solid space enable forlinen 10 - Sohid space display right for
only
32 columns
11 :Solid space display left and
nght for 32 columns
(n=1~8)
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ORBK 7 6 5 4 3 2 1 0
{OF8EW)
" [eexeo] exeL freoT | caot DT [RFOT [GFDT[BFDT|  (initiai value 0000 0000)
. N k fi
EBKGD Background function enable ? . B:(E;og:m%ualicgigcr?eo:able
) : No Full- Tank
EXBL Fuli-raster blanking enable ? . Flm_lr"astr::ﬁ;,?k?:gmg
000: Black
80(1): Blue
10: Green
EBDTI 011: Cyan
ng}” Background color select 100+ Red Write
101: Magenta
110: Yellow only
111 White
001: 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, s .
¢ u) Ivsu:s i BKMF I ESMZ ‘VDSMDl MPXS l 0" 1 MBK | {Initial value 0000 0000}
o s -
YBLCS Y/BL signal select et
, 0: Blinking Tunction disable
BKMF 8linking master flag 1: 8linking function enable
: th
ESMZ Smoothing enable e edable
0: N |
VDSMD Double scan mode select 1: DgLrgFe :gaor??node
00 : Simultaneous output (Signal
from the OSD circuit has higher Write
. priority.)
MPX$ R, G, B, Y/BLsignal select 01 : Output of signal from internal only
QSD circuit
10 : Qutput of signal from externally
input
11 : Simultaneous output {Externally
input signal has higher priority.}
0 Access to either clharacter code
. - or character display options
MBK Display memory bank switching 1: Access to both charac?er code
and character display options
ORIRC 7 6 5 4 3 2 1 0
OF90,
¢ ) | SvD | isDC DCTR {Initial value  000¢ 0000)
1 ] 1 1
0. Interrpt request by ISDC value
SVD Interrupt source select 1: Interrupt request at falling edge Write
of VD signal
ISDC Interrupt generation line select only
DCTR Display line counter read only
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ORP&S 7 6 5 4 3 2 1 Q

(0F91,) |167S |PGGS | PB5S | P64S I o . . (Initial value 0000 **00)

. R, G, B, Y/BL | t
PE75~P645 | PG port output select L o o oA, ot _
Read/write mode select at normal 0: Datawrite mode Write
RDWRV mode 1: Data read mode only
. 0: Normal mode
MFYWR Display memory read mode 1: Read-modify-write-mode
ORIV 7 6 5 4 3 2 1 0
(0F92y) -
IjRSMSl FORS I FMS | BLIV | Yiv |RGBIV I ¥BLI I Reaﬂ {initial value 0000 0000)
. . 0: Fel
FRSMS Field decision mode select 1: F:'irg:::it
0: Normal frequency mode
FORS fosc frequency select 1: Double frequency mode
. 0: First field hashigher priorit
FMS First/second field phase select 1: Second field haz?high%r prig’,iw
: Active high .
BLIV BL output polarity select ? . Agt;:: k;\?v Write
0: Active high
Yiv Y output polanity select 1: Active low only
. T A high
RGBIV R, G, B output polarity select ? . Ag;:g |°|a,
0: Active high
YBLII Y/BLIN input polanity select 1 Active o
. . 0: Active high
RGB! RIN, GIN, BIN input polarityselect |7 Active locy

ORDMA 7 6 5 4 3 2 1 0

QF93
(OF934) |DMA7|DMA6|DMA5IDMA4!DMA3IDMA2|DMA1|DME| (initial value 0000 0000)
Writs
LDMA?-»O I Display memory address ,_-,,—r~.||ye
ORDSN 7 6 5 4 3 2 1 1]
0F94 LTI -
(0F34n) |5LNT| EUL | BLF [ RDT | GOT | BDT | (Initial value **** ¥x%%)
) NG slant
SLNT Slant enable 9: osta
0: N derl
EUL Underftine enable 1: Uﬂ;:mireme
L 0 Noblink
BLF Blinking enable 1: Bﬁnkil:qmg
001: Blue AW
010: Green
RDT/ 011: Cyan
GDT/ Character color select 100: Red
BDT 101: Magenta
110: Yellow
111:  White
ORCRA 7 [ 5 4 3 2 1 0
0F95
(0F351) [CRATICRAGICRA5|CRA4|CRA3 |CRA2 |CRA1 |CRAO| (Imtial value  **** *x%%)
I CRAT7~0 I Character code RV
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ORDON 7 6 5 4 3 2 1 0

0F96 Lo T R ALCEELECEE R RPN [
(OF96w) - : . : Rk [aswa|ewow| DON | (Initial value  **** 0000)

0. (Inmafl state) g

. 1: Transfers written data to OSD

RGWR Written data transfer control circuit. {After transfer, RGWR 15
reset to 0.)

. 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

(0F7w) vasu7 lwvsuslwvsrfs !wvsnalwvsua |wvsmiwvsm |WVSH0l (Imtiai value 0000 0000)

l WVSH7~0 | Window upper limit position I Vgrr:ltye J
ORWVSL 7 6 5 4 3 2 1 0
(07935, |wv5|.7 |WVSL6 |WVSL5 |wvsu1 lwvsu.s |WVSL2 |wvsu |WVSLO I (Initial value 0000 G000)

I WVSL7~0 | Window lower limit position Vgrl;'lt)fe J

Note 1: *; don'tcare

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 ORHS 1, ORVS1 to ORVS8, ORCS4, 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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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

SIFMIR (OF9BL) SIFDRO (0F98,) 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)
:CL L Gl ™ 5 L

- | Y

[
CDATA D—b Integration o BBit

crcuit

cL ck shiftregister
=
CCLK Delay

crcut . i
a Control circuit
! o

RES3

fc
VD D— Reset circuit > INIT

B2
LINE21 — D > |nterrupt request

(Interrupt pin)

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

Slicer interface mode setting register

SIFMR ... A 6 .. 3

5 . .4 3 2 1
ofoBw ... .. [ __oms

0
SMDS | (Initial value : +»+ 0000)

DTMS CCLK delay time select (fc = 8 MHz)
“00" -+ Noshift
“01” .-~ 2/Mcshift
10" -+ 4ffcshift
11" -« 6/Mcshift

{Write only)
SMDS CDATA digital integration mode select
“*Q" --- No integration.
“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 [¢]
(0F98,) | SIFDO | tnitial value : 0000 0000)
SIFDR1 2 6 5 4 3 2 1 0
(0F99y) | 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 .
OFFARN L e e e e

STCK Field decision flag
217 .. Pperiod of time from the first CCLK rise to VD fall in the first fieid
“0* - QOtherthanthe above
(Read only)}
STSB Start bit decision flag
"17 ... Period of time from CCLK rise at start bit receive to VD fall in the first field
"0” «-- Qtherthan the above
(Read only)
STDE 16-bit data receive end decision flag
#q7 ... Pperiod of time from CLK rise when 16-bit data are received in the first field
and its upper 8-bits of data are set in data register 1 (SIFDR1), to VD fall
“g” ««  Other than the above
{Read only)
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INPUT/QUTPUT CIRCUITRY
(1) Control pins
The input/output circuitries of the 87C833/C33/H33 control pins are shown below.
CONTROLPIN o INPUT/OUTPUT CIRCUITRY REMARKS
Osc. enable _’:Df’—‘_" fe Resonator connecting pins
——N—rt (high-frequency)
XIN Input R Ry
XOouT Output R= RQ Rf =1.2MQ (typ)
Rop =15k (typ)
XIN XOUT R =1k (typ.)
VoD Sink open drain output
Rin Hysteresis input
,R
RESET Vo Address trap reset ——»I_‘_\ @ M’_D pull .
. I uil-up resistor
Watchdog timer reset_"_l_/ ll< R =220k (typ.)
System clock reset
R=1kQ (typ.)
——o—[« Hysteresis input
STOP/INTS Input R
(P20) ]
P20 ~J R=1kQ (typ.)
STOPANTS ’@[
R Puli-down resistor
Rn=70k0 (¢t
TEST Input Ris N (vp)
R=1k (typ.)
Osc. enable _y'_:DD_P_’ foso Qsc. connecting pin for on-
screen display
— AW —e
osCi Input [ Ry L
052 Output R ZRo R =12ma  {typ)
Rg =1.5kQ (typ.}
R =1kQ (typ.)
osC1 0sC2
3-316
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(2) Input/Output Ports
The input/output circuitries of the 87C833/C33/H33 IYO ports are shown below.
PORT WO INPUT/QUTPUT CIRCUITRY REMARKS
initial "Hi-2" Sink open drain output
P20 WO
— Do
R R= 1k
el
~
imtial “Hi-2" Sink open drain output
Hysteresis input
P3 1o o[
R
,@I R=1k{2
P4 initial “Hi-Z" VDD Tri-state /O
P64 170
s disable > =~ R
P67 1 R= 1k (typ.)
initial “Hi-Z2" Sink open drain output
o=
P5 o R
!
~ R= 1k}
initial “Hi-z" Sink apen drain output
High current output
P&Q lop =20mAl(typ.)
disable >———] O>IE¥
$ l{e] R
P63 A
~ R=1kQ
intial “Hi-Z" Sink open drain output
Hysteresis input
P70 —>o—]
o
P71 R
@ R=1k{2
3-317
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ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS (V55 =0V}
PARAMETER SYMBOL CONDITION RATINGS UNIT
Supply Voltage Vpp -0.3t06.5 v
Input Voltage Vin -0.3toVpp+0.3 v
Output Voltage VouTt ~0.3toVpp+0.3 v
loyri Ports P2, P3, P4, P5, P64 to P67, P7 3.2
Qutput Current (Per 1 pin} mA
lout2 P60 to Pa3 30
Zloytt Ports P2, P3, P4, P5, P64 to P67, P7 120
Qutput Current {Total) mA
Slourz | P60 to P63 120
Power Dissipation [Topr=70°C] PD 600 mwW
Soldering Temperature (time} Tsld 260 (10%) °C
Storage Temperature Tstg -55t0 125 °C
Operating Temperature Topr -30t070 °C
RECOMMENDED OPERATING CONDITIONS | (Vss=0V, Topr= —30to 70°C}
PARAMETER SYMBOL PINS CONDITIONS Min. Max. UNIT
NORMAL mode
fem Bz mode 45
Supply Voltage Voo fo= NORMAL mode 5.5 v
4.2MHz | |DLE mode 2.7
STOP mode 20
ViH1 Except hysteresis input Vppx0 70
Vpp 2 4.5V
Input High Veoitage Vina | Hysteresis input Vpp x 0.75 Voo v
Vinz Vop<4 5V Vpp x0.90
Vi Except hysteresis input Vpp x0.30
Vpp & 4.5V
Input Low Voltage Viz | Hysteresisinput 0 Vppx0 25 v
Viz Vpp<4.5V Vppx0 10
Vpo = 4.5~5.5V 8.0
fc XIN, XOUT 1
Clock Frequency Vpp=2.7~5.5V 42 MHz
fosp | OSCH, 05C2 - 8.0

Note :

fc : The condition of power supply voitage is limited to NORMAL1, NORMAL2, IDLE1 and IDLE2 mode.
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TOSHIBA TMP87C833/C33/H33
D.C. CHARACTERISTICS (Vss = 0V, Top, = —3010 70°C)
PARAMETER SYMBOL PINS CONDITIONS Min | Typ. | Max | UNIT
Hysteresis Voltage Vhs Hysteresis inputs - 09| - \4
ey | TEST Vop=5.5V,Vin=55V/iOV | _ _ | oe2
linz Opendrain ports Vpp =5.5V, Viy=5.5V - - 2
Input Current HA
N3 Tri-state ports
- - +32
R Vpp=5.5V, Viy=55V/0v -
wa | RESET,STOP oo W
Input Resistance Rinz RESET 100 220 | 450 kQ
Output Leakage Open drain ports and _ -
Current o |tri-state ports Voo = 5.5V, Vour= 5.5V - - 2 | pA
Output High
puthig Vouz | Tri-state ports Vop=4.5V, lop=-07mA | 41| - | - | v
Voltage
Output Low Voltage | Vo, Except XOUT Vpp=4.5V, lg = 1.6mA - - 04 Vv
Output Low Current | lo3 | P60to P63 Vpp = 4.5V, Vg = 1.0V - 20 - mA
;‘g:;:::‘"ezt n Vpp=5.5V - | 10 ] 18 | maA
— mo : fc = 8MHz
pplyturrentin 1o Vin=5.3V/0 2V - 45 10 | mA
IDLE mode
Supply Currentin Vpp=5.5V _ as| 10 oA
STOP mode Vi =5 VIO 2V
Note 1 : Typrcal values show those at Top, =25°C, Vpp =5V.
Note 2 : input Current The current through pull-up or pull-down resistor is not included.
Note 3 : Typical current consumption during A/D conversion is 1.2mA.
A/D CONVERSION CHARACTERISTICS (Vss =0V, Vpp=4.5105.5V, Topr= - 30to 70°C)
PARAMETER SYMBOL PINS CONDITIONS Min Typ Max. UNIT
Analog Input Voltage Range VaIN CIN3 to CINO Vs - Voo v
Conversion Error Vpp=5 0V - - 15 LSB
3-319
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A.C. CHARACTERISTICS | (Vss = OV, Vpp =4 510 5.5V, Topr = - 300 70°C)
PARAMETER SYMBOL CONDITIONS Min. Typ. Max. { UNIT

In NORMAL mode

Machine Cycle Time tey 05 - 10 us
In IDLE mode

High Level Clock Pulse Width twcH | For external clock operation 62.5

’ ) - - ns
Low Level Clock Pulse Width twel (XINinput) , fc=8MHz

RECOMMENDED OSCILLATING CONDITION | (Vs5= 0V, Vpp =4.510 5.5V, Top = — 3010 70°C)

RECOMMENDED
RECOMMENDED CONDITIONS
PARAMETER OSCILLATOR FREQUENCY
OSCILLATOR G o
8MHz KYOCERA KBRB.OM
Ceramic Resonator 30pF 30pF
KYOCERA KBR4.0M5
4MHz
. MURATA (SA4.00MG
High-frequency
8MHz TOYOCOM 2108 8.0000
Crystal Osciliator 20pF 20pF
4MHz TOYOCOM 2048 4 0000
6MHz TOKQ A285HCIS-13319
osD LC Resonator - -
12MHz TOKO TA285HCIS- 13306
XIN XouT 0scl 082

(1) High-frequency (2) LCResonator 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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