TOSHIBA TMP91C642A

CMOS  8-BIT MICROCONTROLLERS

TMP91C642AN / TMPI1C642AF

1. OUTLINE AND CHARACTERISTICS

The TMP91C642A is an advanced-function and highly integrated 8-bit
microcontroller which is developed for use with software servos.

In addition to I/O ports and other basic components, the TMP91C642A has high-speed
high-precision signal measuring circuit, PWM dedicated output, and high-precision
timing pulse circuit that simplify control of VCR systems and servo motors.

The TMP91C642AN is a 64-pin shrink DIP product. (SDIP64-P-750)
The TMP91C642AF is a 64-pin flat package product. (QFP64-P-1420A)
The characteristics of the TMP91C642A include

(1) Efficient instructions

163 basic instructions

Instructions for multiplication, division, 16-bit arithmetic operations, bit
manipulation

(2) Minimum execution time : 400 ns (at 10 MHz oscillation frequency)
(3) Internal ROM: 16 K bytes

(4) Internal RAM: 320 bytes

(5)  18-bit time base counter

(6) Servoinput control pins : drum FG/ PG, Capstan FG, P-CTL, and EXT
(7)  VISS/VASS detection

® P-CTL Duty discriminator
¢ 16-bit VASS data latch

(8) Composite sync (C-sync) input
® Vertical sync signal (V-sync) separation

¢ Odd-even field discriminator \\
® 60/50 Field discriminator o)
U
(9)  24-bit time base counter capture with 8-step FIFO \\‘ o

(10) 32-bit timing pulse generator with 8-step FIFO

(16-bit comparate data X 2, 16-bit timing output X 2, maximum 20 b;;‘./vutput
simultaneously) _
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TOSHIBA ’ TMP91C642A

(11)

(12)

(13)
(14)
(15)
(16)
(17)
(18)
(19)

Servo control output pins (drum motor, capstan motor, current limitter control)

12-bit PWM output (2 channels)
8-bit PWM output (1 channel)

8-bit timer / counter (4 channels)

® 1 channel for reloadable timer with up /down mode
® Readable counter data (writable for one channel)

General-purpose synchronized serial interface (2 channels)
High-precision 8-bit A/D converter (8 + 4 channels)

Input / Output ports : 54 pins

Interrupt function: 10 internal interrupts and 3 external interrupts
Micro Direct Memory Access (DMA) function (10 channels)
Watchdog timer

Standby function (2 HALT mode)
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Figure 1 TMP91C642A Block Diagram
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2. PIN ASSIGNMENT AND FUNCTIONS

The assignment of input/output pins, their names and functions are as shown below.

2.1 Pin Assignment

Figure 2.1 (1) shows pin assignment of the TMP91C642AN.

"’ sapvece

{SCLKD) P40 1
(TxDD) P41 ]2 63 [JAGND
(RxD0) P42 3 62 [J VREF
{SCLK1) P43 [ 4 61 [J P50 (ANDD)
(TxD1) P44 ]S 60 [ P51 (ANO1)
(RxD1) P45 ] 6 59 [ p52 (ANO2)
(TI0/INT2) P46 []7 58 [ P53 (ANO3)
(T P47 ()8 57 [3Psa (ANO4)
P30 ]9 56 [J P55 (ANODS)
P31 ] 10 55 [3 P56 (ANOB)
P32 ] 11 54 [p57 (ANO7)
{C-Sync) P33 12 53 [ Pe0 (AN10)
(EXT) P34 (13 52 P61 (AN11)
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{INT1) P36 []
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—
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N =2 WO bWwN

160793
+) open drain pin

Figure 2.1 (1) Pin Assignment (shrink DIP)

MCU90-4

Il 9097249 0043271 95T N



TOSHIBA TMP91C642A

Figure 2.1 (2) shows pin assignment of the TMP91C842AF.
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Figure 2.1(2) Pin Assignment (flat package)
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2.2 Pin Names and Functions

The name of input / cutput pins and their functions are summarized in Table 2.2.

Table 2.2 Pin Names and Functions (1/3)

Pin name I\::cr::ir 1/0 or 3-state Function
POO/TPGO-0| 8 /0, 3-state® |pqrt : 8-bit /O port. I/0 specifiable in units of bytes.
to P04 to PO7
PO7 / TPGO-7 are open Timing pulse generator (TPG) output: Can also be used as TPG0-0
drain outout to TPGO-7 output pins. *P00 only can be set to 3-state by internal
rainoutpul Jlsignals to TPGO-15.
pins.
P10/TPGO-8 | 4 /O, 3-state™ |port 1: 4-bit I/O port. 1/O specifiable in units of bits.
TPG1-8
to Timing pulse generator (TPG) output: Can also be used as TPGO-8
P13 /TPGO-11 to TPGO-11/TPG1-8 to TPG1-11 output pins. *P10 only can be set to
i} 3-state by internal signals to TPG0-14/TPG1-14.
TPG1-11
P20/TPG1-0| 8 170, 3-state* |pgrt 2 : 8-bit /O port. 1O specifiable in units of bits.
to P21to P27 are
P27 /TPG1-7 open drain Timing pulse generator (TPG) output: Can also be used as TPG1-0
cout oi to TPG1-7 output pins. *P20 only can be set to 3-state by internal
outputping /signals to TPG1-15.
P30to P32 3 /0 Port 3 : 3-bit /O port. IO specifiable in units of bits.
P33 1 17O Port 3 : 1-bit I/O port. I/0 specifiable.
1 C-Sync
Composite syncinput
P34 1 170 Port 3 : 1-bit /O port. /0 specifiable.
/EXT
Servo signal trigger input
P35 1 Input Port 3 : 1-bit input port.
/INTO
Interrupt request pin 0 : Level and rising edge are programmable.
j“ \ f
P36 1 Input Port 3 : 1-bitinput port.
/INT1
Interrupt request pin 1 : at rising edge. £
P37 1 Open drain |port 3 : 1-bit output port.
/PWM8 output
/TO Motor control output : PWMS8 output
Timers 0 and 1 output : timer 0 and 1 output.
(Note) *:  Only 1 putcan be set to the 3-state.
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Table 2.2 Pin Names and Functions (2/3)

. Pin
Pin name name /O or 3-state Function
PA0/SCLKO, | 2 1o Port 4 : 2-bit I/O port. /O specifiable in units of bits.
P43 /5CLK1
Serial clock /0 0 and 1
P41/TxDO, 2 IO Port 4 : 2-bit /O port. I/0 specifiable in units of bits,
P44 /TxD1
Serial send data 0 and 1
P42 /RxDQ, 2 1o Port 4 : 2-bit 110 port. /0 specifiable in units of bits.
P45/ RxD1
Serial receive data 0 and 1
P46 1 /o Port 4 : 1-bit /O port. /O specifiable.
/TID
JINT2 Timer 0/timer 2 countinput
Interrupt request pin 2 : atrising edge £
Paz 1 /O Port4 : 1-bit I/O port. /O specifiable.
/T
JTimer 3 count input
P50/ANQO 8 Input Port 5 : 8-bitinput part. I/O specifiable.
to
P57 / ANO7 Analog input 0 : 8 analog inputs to A/D converter
P60/AN10 4 o Port 6 : 4-bit I/O part. I/O specifiable in units of bits.
io
P63 /AN13 Analoginput 1 : 4 analog inputs to A/D converter
P64/CAPD 4 Input Port 6 : 4-bitinput port.
to
P67/ CAP3 Servo signal trigger input
PWO 1 O%?qul:im Motor contro! output : PWMO output
PW1 1 O%eu'lg&fm Motor control output : PWM1 output
VREF 1 - A/D converter reference voltage input
AGND 1 - Grauond pin for A/D converter
CLK 1 = Pulled up internally
{Do not connect an external circuit.)
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Table 2.2 Pin Names and Functions (3/3)

Pin name I\:;:cr;it:ir /0O or 3-state Function
TEST 1 - Test pin (normally pulled up)
RESET 1 Input  |Reset : initializes the TMP91C642A.
{Built-in pull-up registor)
X1/ X2 2 11O Crystal oscillator connector pin
VSS (GND) 2 - GND pin (0 V)
VCC 1 - Power supply pin {+35V)

MCU90-8
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3. OPERATION
This chapter covers the functions and basic operations of the TMP91C642A by blocks.
3.1 CPU

TMP91C642A includes a high-performance 8-bit CPU. For the function of the CPU,
see the previous chapter “TLCS-90 CPU”.

This chapter explains exclusively the functions of the CPU of TMP91C642A which
are not discribed in the chapter “TLCS-90 CPU™.

3.1.1 Reset

Figure 3.1 shows the basic timing of reset.

To reset the TMP91C642A, the power supply voltage must be within the operating
voltage and oscillation by the internal oscillator must be stable. Also, the RESET input
must be maintained at level 0 for at least 10 system clocks (10 states ; 2 xs at 10 MHz
clock oscillation).

When a reset is accepted, all I/O ports (port 0, port 1, port 3 (P30 to P34), port 4, and
port 6 (P60 to P63) are set to input (high impedance). Output dedicated port *CLK is set
to “1” and P37 (PWM8) to high impedance. The other output dedicated ports (PWQ and
PW1) are set to “0”. The input dedicated ports remain the same.

The CPU registers do not change. The program counter (PC) and interrupt enable
flag IFF are cleared to “0”. Register A becomes indeterminate.

When a reset is cleared, the CPU starts execution from address 0000H.

T T2 T1 T2
S VWV aVal ¥ @ﬂﬂﬂﬂwwwuuux
* I +
CLk __1 L l |~(——The CLK pin is - \ l
internally
RESET L pulled up. _J
POO to PG?,
Pi0to P13, SR IR IR N SN NN R NN PO R I A
P20 to P27,
P30 to P34,
P37 (PWM8) - -r-r-t-r-t-t-t-t-t-t-t-t-
PWO, PW1 \

080890

Figure 3.1 Reset Timing
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3.1.2 Exchange Flag (EXF)

The EXF register is inverted by execution of data exchange instruction EXX, which
exchanges data between the main and the auxiliary registers. The TMP91C642A
allocates the EXF register to bit 1 at address FFE6H in memory.

The EXF register is not initialized by the reset operation.

Watchdog Timer Mode Register

7 ¢ 6 i s i 4 i 3 {2 1 0
WDMOD | bit symbol P oFTBC2Z 1 FTBCY i WDTE  FTPG | HALT EXF DRVE
(FFEGH) |Read/Write POoRMwW D RW D RW P RW 1 RW R RAV
e after f o0 o0 i1 i o0 i 0 Underfined 0
Function 1: TBCi5t0 1: TBC1I1to 1: WDT 1: TPGO-13 HALT mode Jinverted by 1: Drives pin
18 o i Enable I interrupt 10: RUN executionof |  inSTOP
I interrupt [ interrupt : i flag i mode EXX mode.
: flag : flag i1: STOP instruction.
: : : : mode

3.2 Memory Map
(1) internal ROM

The TMP91C642A integrates a 16K-byte ROM. The ROM is allocated to the address
space from 0000H to SFFFH. After reset, the CPU starts execution of the program from

address 0000H.
Addresses 0010H to 007FH in the ROM are used as the interrupt entry area by the

interrupt processing.
(2) Internal RAM

The TMP91C642A integrates a 320-byte RAM. The RAM is allocated to the address
space from FE80H to FFBFH. The CPU can access part of the RAM (FF00H to FFBFH,
192-byte area) using direct addressing mode with short instruction codes.

Addresses FF10H to FF7FH in the RAM are used as the micro-DMA parameter area.
(Note that when the DMA is not in use, the area can be freely used. )

(3) Internal IO

The TMP91C642A uses 64-byte address space as an internal I/O area. The area is
allocated to the address area from FFCOH to FFFFH. This I/O area can be accessed by
the CPU using a short opcode in the “direct addressing mode”.

Figure 3.2 shows the memory map and the CPU addressing mode access ranges.

MCU90-10
B 3097249 0043277 374 IR



TOSHIBA

TMP91C642A

0000H

3FFFH

FESOH

FFOOH

FFCOH

FFFFH

.

Internal ROM
(16K bytes)

Program and data area

(8Q)
(DE)
(HL)
(SP)
H i (SP +d)
': : (HL+A)
i i {(nn)
internal RAM
% ...... tenal M. % T
Data area
/ Direct area
Internal /O (n)
{64 bytes) l
7 r

Figure 3.2 Memory Map
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33

Interrupt Functions

The TMP91C642A supports general-interrupt processing mode used to respond to
internal and external interrupt requests and micro DMA processing mode used for
automatic data transfer by the CPU.

After a reset is cleared, all interrupt requests are set to general-purpose interrupt
processing mode. By using the DMA enable register described later, interrupt requests
can be set to micro DMA processing mode.

Figure 3.3. (1) shows the interrupt response flow.

( Interrupt processing )

Read interrupt vector V.

Micro DMA
processing mode

YES

NO

General-purpose ) LMicro DMA processing )
( i

nterrupt processing

Figure 3.3 (1) Interrupt Response Flow

When an interrupt request is generated, the interrupt source notifies the CPU using
the internal interrupt controller. The CPU starts the interrupt processing if the non-
maskable or maskable interrupt request is enabled (interrupt enable flag (IFF in
register F) = “17”). If the request is non-maskable and interrupt is disabled (IFF = “0”),
the CPU ignores the request. (The CPU samples interrupt requests at the falling edge of
the *CLK signal.)

Accepting the interrupt, to determine the interrupt source, the CPU reads the
interrupt vector from the internal interrupt controller.

Then, the CPU checks whether the interrupt requests general-purpose or micro DMA
interrupt processing and starts processing accordingly.

The CPU reads an interrupt vector during internal operation cycle, the bus cycle
results in dummy cycle.

MCU90-12
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3.3.1  General-purpose Interrupt Processing

Figure 3.3 (2) shows the flow of general-purpose interrupt processing.

The CPU first saves contents of the PC and register AF (contains the IFF indicating
the interrupt status just before the interrupt generation), then resets interrupt enable
flag IFF to “0” (interrupt disable mode). The CPU copies contents V of the interrupt
vector to the PC and jumps to the interrupt processing program.

The overhead from accepting an interrupt to jumping to the interrupt processing
program is 20 states.

(General—purposeinterruptprocessing )

(SP-1) «PCH \
(SP -2}« PCL
(SP-3)eA

(SP - 4) « F (including IFF)
SP<«SP-4

IFF -0 20 states

4 s (@10 MHZ)

PC &« V

g

Interrupt processing
program

RETI instruction
F e (SP)
A (SP+1)
PCL « (SP +2)
PCH « (SP + 3)
SP«SP+4

G

Figure 3.3(2) General-Purpose Processing Flow

The interrupt processing program ends with the RETI instruction for both non-
maskable and maskable interrupts. '

Executing the RETI instruction restores the contents of the PC and register AF from
the stack. (The status returns to that of the interrupt enable flag just before the
interrupt generation.)

When the CPU reads the interrupt vector, the interrupt source acknowledges that the
CPU accepts the interrupt and clears the interrupt request.

MCU90-13
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Non-maskable interrupts cannot be disabled by program. On the other hand,
maskable interrupts can be enabled/disabled by program. Bit 5 in register F is the
interrupt enable flag (IFF). The CPU can select interrupt enable / disable by setting IFF
to “1” using the EI (enable interrupt) instruction; reset to “0” using the DI (disable
interrupt). IFF is reset by a reset or acceptance of an interrupt including non-maskable
interrupt. '

Interrupts are enabled affer the instruction subsequent to the EI instruction.

Table 3.3 (1) shows interrupt sources.

Table 3.3 (1) Interrupt Sources

General-purpose | Micro DMA
o Vector | Vector. interrupt rocessin
fPriority Type . Interrupt source value /8 | value V processingpstart ’ garamete?'
address start address
1 [Non- SWil instruction | 10H 0010H —_—
2 |maskable INTWD (watchdog timer) 20H 0020H —
3 INTQ (External input 0) 0O5H 28H 0028H " FF28H
4 INTCAP (Capture interrypt)™! 06H 30H C030H FF30H
5 INTAD {A/D converter)™? 07H 38H 0038H FF38H
6 INTSIO (Serial | / Q)*3 08H 40H 0040H x4
7 INTTO (Timer 0) 0SH 48H 0048H FF4A8H
8 Maskable INTT1 (Timer 1) 0AH SOH 0050H FF50H
9 INTT2 (Timer 2) 0BH 58H 0058H FF58H
10 INTT3 (Timer 3) 0CH 60H 0060H FF6OH
1% INTTB (Divider) ODH 68H 0068H FF68H
12 INT1 (External input 1) 0EH 70H Q070H FF70H
13 INTVA (VASS) *3 OFH 78H 0078H FF78H
13 INT2 (External input 2) *5 OFH 78H Q078H FF78H
(Note)

C-FG, D-FG, D-PG, P-CTL, EXT, VP (C-Sync)/ TPFIFO

#3) BIO1/8I0g

¥4) INTSIO cannot use micro DMA processing.

#5) INTVA or INT2 is selected according to INT2 interrupt select register
INTEH <INT2S>. :

“Priority” in table 3.3 (1) shows the priority of interrupt sources to be acknowledged
by the CPU when multiple interrupt requests are generated simultaneously.

For example, when interrupts with priorities 3 and 4 are generated simultaneously,
the CPU accepts the interrupt with priority 3 first. After processing of the interrupt
with priority 3 is ended by the RETI insfruction, the interrupt with priority 4 is
accepted. However, a lower priority interrupt can be acknowledged immediately by
executing an EI instruction in a program that processes a higher priority interrupt.

The internal interrupt controller only determines priorities of interrupt sources to be
acknowledged by the CPU when multiple interrupt requests are generated. It does not
compare the priority of the currently-processed interrupt and that of the interrupt being
requested.

MCU90-14
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To enable other interrupts during interrupt processing, set the interrupt enable flag
of the interrupt source to be enabled and perform the EI instruction.

3.3.2 Micro DMA processing

Figure 3.3 (3) shows the flow of the micro DMA processing. The CPU loads the
parameters (transfer source, destination addresses and transfer mode) necessary for
data transfer between memories from the address modified by the interrupt vector,
transfers data between memories according to the parameters, then saves the updated
parameters back. The CPU decrements the number of transfers. If the value is other
than 0, the micro DMA processing ends. If the value is 0, the general-purpose processing
is performed.

( Micro DMA processing )

Load parameters.
DST « (FFOOH+V+1)W
SRC <« (FFOOH+V +3)W
CMD <« (FFOOH +V +5)

Transfer data between memories.
(DST) « (SRQ)
DST « DST +0/1/2
SRC « SRCx0/1/2

Save updated parameters.

(FFOOH +V + 3) W « SRC
(FFOOH +V + 1) W« DST DST . transfer destination
SRC . transfer source
CMD . transfer mode
Decrement number of transfers. COUNT : number of transfers

COUNT « (FFOOH + V)
COUNT «~ COUNT -1
(FFOOH + V) « COUNT

COUNT=0 YES

NO ( General-purpose interrupt processing)

End )

Figure 3.3 (3) Micro DMA Processing Flow
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Most of the interrupt processing consists of simple data transfer. The previous
processing depends on software. On the other hand, the micro DMA processing only
uses hardware to improve interrupt processing speed. The CPU registers are not
influenced by the micro DMA processing. '

Figure 3.3 (4) shows the functions of parameters used by the micro DMA processing.

FFOOH +V +0: [ Number of transfers |:| 1t0 256
FFOOH +V +1: [ Transfer destination address (lower) [—
0 to 64K
FFOOH +V + 2 | Transfer destination address (upper) l
FFOOH +V +3: i Transfer source address (lower) |_
0to 64K
FFOOH +V +4: L Transfer source address (upper) |
, 7 6 5 E 2 1 0
FFO0H+V+5:| X | X | X | X | X | | | |(transfermode)
0 0 = Fixestransfer
‘ destination/source address.
0 1 = Incrementstransfer
destination address.
1 0 = Increments transfe_r source
address.
1 1 = Decrements transfer source
L address.
0 Transfers one byte.

—
nu

(Note)x : don’t care Transfers 2 bytes.

Figure 3.3 (4) Micro DMA Parameters

The micro DMA parameters are allocated to the internal RAM. (See Table 3.3 (1),
Interrupt Sources.) Each micro DMA processing parameter start address is determined
by “FFO0H + interrupt vector value”. A parameter uses 6 bytes starting from the start
address. When the micro DMA processing mode is not in use, the area can be freely used
as user memory.

A parameter consists of the number of transfers, transfer source address, and transfer
mode. Specify the number of data transfers to be accepted by the micro DMA processing
as the number of transfers. The micro DMA processing transfers 1 or 2 bytes of data at a
time. When the value of the number of transfers is 00H, the number of transfers is 256.
Specify the transfer destination and source addresses in two data bytes. The micro DMA
processing can use the address area from 0000H to FFFFH.

MCU90-16
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Specify in bits 0 and 1 transfer mode for updating the transfer destination or source
address. Specify in bit 2 the transfer data length, as 1 or 2 bytes.

Table 3.3 (2) shows transfer modes and transfer destination and source address
increment / decrement.

Table 3.3(2) Micro DMA Address Increment/Decrement

Transfer ' Trgnsfgr Transfer
mode Function destination| source

address address
000 |1-byte transfer, Fixes transfer destination and source addresses. 0 0
001 1-byte transfer, Increments transfer destination address. +1 0
010 [ 1-byte transfer, Increments transfer source address. 0 +1
011 | 1-byte transfer, Decrements transfer source address. 0 -1
100 | 2-byte transfer, Fixes transfer destination and source addresses. 0 0
101 | 2-byte transfer, Increments transfer destination address. +2 0
110 | 2-byte transfer, Increments transfer source address. 0 +2
111 | 2-byte transfer, Decrements transfer source address. ¢ -2

In 2-byte transfer mode, data are transferred as follows:

(transfer destination address) <  (transfer source address)
(transfer destination address + 1) <«  (transfer source address + 1)

In a mode where the transfer source address is decremented, data are transferred as
above, but the address is updated as shown in Table 3.3.(2).

The micro DMA updates addresses taking I/O transfer into consideration. Therefore,
either transfer destination or transfer source address is fixed.

The execution time (the number of transfers is other than 0 due to decrement) of the
micro DMA processing is 46 states (9.2 us at 10 MHz oscillation frequency) regardless of
1-byte or 2-byte mode.

Figure 3.3 (5) shows the flow of overall interrupt processing.

MCU90-17
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( Interrupt processing )
Read interrupt vector V
Clear interrupt request F/F
Micro DMA
Processiny
NO
Data transfer by
- micro DMA
General-
purpose PUSH PC |
interrupt PUSH AF COUNT « COUNT -1 Micro DMA
processing IFF « 0 processing
PCeV COUNT=0

7

Interrupt processing
program

RETI instruction

POP AF
POP PC

( End )

Figure 3.3 (5) Interrupt Processing Flow
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333 Interrupt Controller

Figure 3.3 (7) outlines the interrupt circuit. The left half of the figure shows the
interrupt controller. The right half shows the CPU interrupt request signal circuit and
halt release circuit (for halt, see 3.4 Standby Function).

The interrupt controller has an interrupt flip / flop, interrupt enable register, and
micro DMA enable flag for each channel (total of 12 channels). The interrupt request
flip / flop is used to latch an interrupt request. The interrupt request flip / flop is reset to
“0” at reset, when the CPU accepts an interrupt and reads the vector, or when the
instruction used to clear the interrupt request of the channel (writes vector value / 8) to
address FFEDH in memory) is performed. For example, when executing the following:

LD (FFEDH), 30H/8

the interrupt request flip / flop of channel INTCAP whose vector value is 30H is reset
to “0”. (To clear the flip / flop, even if the interrupt request flag is assigned to FFECH,
write to FFEDH.)

The status of the interrupt flip / flop can be determined by reading address FFECH or
FFEDH in memory. “0” indicates no interrupt request; “1” indicates an interrupt
request. Figure 3.3 (6) shows the bit configuration of the interrupt request flip / flop.

MCU90-19
B 9097249 0043286 340 WE



TOSHIBA | ' TMP91C642A

Interrupt Request Flags (L)

y ¢ 6 { s i a4 i 3 {2 i 1+ i 0
REL bit Symbol i IRFO i IRFCAP ! IRFAD ! i SIOIWF i SIOOF
ey [l
reset LN SN N L N
Function Interrupt Request Flag : : (9 SI01 :1:5100
: 1. Interrupt being requested : iRequest  : Request
' | _ ]
l—-» Serial channel 0, 1 request flag
*INTAD request flag
> INTCAP request flag
INTO request flag
0 |nointerrupt
e i'r'i{é';'}aﬁ;c' .....................
Interrupt Request Flags (H)
7 i 6 s i a4 i 3 {2 i 1 i 0
bitSymbol | IRFSIO i IRFTO  IRFT1 ¢ |IRFT2 { IRFT3 [ IRFTB : IRF1 { IRF2VA
i(lli:::}E-IDH) Czla::’:;: : :R(Only IR}FCIearcode:canbeused:towrite_) : :
reset 0 0 0 : 0 0 0 § 0 : 0
Prohibit Function 1: Interrupt being requested {IRF is cleared to “0” by writting IRF clear code.)
lr:;g;fy- —I
write.
|——> INTVA/INT2  request flag
L [NT1 request flag
L—— INTTB request flag
L INTT3 request flag
= INTT2 request flag
> INTT1 request flag
> INTTO request flag
INTSIO request flag

0 |nointerrupt

1 |interrupt

(Note) Writing vector value/ 8 to address FFEDH in memory clears the specified interrupt

Figure 3.3 (6) Interrupt Request Flip/Flop
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Figure 3.3(7) Interrupt Circuit
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The interrupt enable register for each interrupt request channel is assigned to
address FFE9H or FFEAH in memory. Setting the flag to “1” enables an interrupt to
the channel. Re

1 v
The micro DMA enable flag for each interrupt request channel is assigned to address

FFEAH or FFEBH in memory. Setting the flag to “1” sets the mode to micro DMA
processing mode for interrupts to the channel. Reset resets the flag to “0” (that is
general-purpose interrupt processing mode).

Figure 3.3 (8) shows the bit configuration of interrupt enable registers and micro
DMA enable flags. '

INT2, which is an interrupt by external input 2, and INTVA, which is an interrupt by
the VASS flag, share the same interrupt request channel. After reset, INTVA isinputto
the interrupt controller. When using INT2, set INTVA / INT2 select bit (<INT2S> :
bit 3 at FFEAH in memory) to “1”,

External interrupt functions are as listed below :

Interrupt Shared pin Mode Setting
7y level P3CR<P35M> =0
INTO P35 —
£ risingedge P3CR<P35M> =1
INT1 P36 A rising edge
INT2 P46 f rising edge —_

For the pulse width of the external interrupt function, see 4.7, Interrupt Operation.

MCU90-22
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Note that the following 4 items are exceptional circuits.

INTO jevel mode The interrupt request flip / flop function is cancelled
because an interrupt is not edge-type. A peripheral interrupt
request passes through the flip / flop S input and becomes Q
output. When the mode is changed from edge to level, the

revious interrupt request flag is automatically cleared

INTCAP The interrupt request flip / flop is ¢leared depending on the
source: source from the capture circuit or source from TPG.
When an interrupt is generated by the capture circuit, the
interrupt request flip/flop is cleared by reading all the data
from capture FIFO status CAPFST.

The flip / flop can also be cleared by writing “1" to
SVCFREG<CARFS>.

When an interrupt request is generated fram TPG, the

interrupt request flip/flop is cleared by writing data to FIFO of
TPG.

INTSIO The interrupt request flip / flop is cleared by reset or by
reading data from the receive data buffer of the serial
channel. It cannot be cleared by instructions.

Reading IRFL clears the interrupt request flag (IRFSIO) and the
channel information (SIO1F, SIOOF).

INTVA /INT2 When an interrupt source is cleared (INTAD«<INTT2), the
previous interrupt request flag is automatically cleared.

MCU90-23
B 9097249 0043290 401 WA



TOSHIBA TMPI1C642A
Interrupt Enable Registers (L)
7 6 ¢ 5 i 4 i 3 i 2 1 0
INTEL bit Symbol | ENISIO ENITO ENIT1 ENITZ | ENIT3 ENITB ENH ENI2VA
(FFE9H) Read/Write RW v
Value after 0 0 0 o i o 0 0 0
Function ' 1:.Enable 0: Disable
I ]
|—> INTVA/INTZ interrupt enable register
{When INTEH<iINT25> =1, INT2 interrupt)
INT1 interrupt enable register
——— INTTB interrupt enable register
b INTT3 interrupt enable register
e INTT2 interrupt enable register
INTTY interrupt enable register
INTTO interrupt enable register
INTSIO interrupt enable register
Interrupt Enable Registers { H) and Micro DMA Enable Flags (L)
7 : 6 : 5 : 4 : 3 : 2 : 1 0
INTEH bit Symbol | (Note} DEO DECAP DEAD INT25 ENIO : ENICAP ENIAD
[DMAEL] |Read/write :Iriv::yfo..' : RAW RAW
(FFEAH) yeasleute after : 0 : 0 . 0 : 0 0 0 : 0
Function 1: Enable 0: Disable 0:INTVA 1: En-able 0: Di;:,.able
1:INT2 :
— | |
I_,* INTAD interrupt enable register
——> |NTCAPinterrupt enable register
— INTO interrupt enable register
————— Selects INTVA or INT2.
0 |INTVA
1 ...... INTZ ..............................
—————ee——  +|NTAD DMA enable flag
> INTCAP DMA enable flag
INTO DMA enable flag

Figure3.3(8)- 1 Interrupt/Micro DMA Enable Flags
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Micro DMA Enable Flags{H)
7 6 s i a4 i 3 2 1 Pooo
DMAEH |bitSymbol | (Note) DETO DET1 : DET2 DET3 DETB DE1 | DE2VA
(FFEBH)  [Readmrite | ey RIW
Value after T o o i o 0 0 0 0
Function 1: En.:able 0: Disable:

pa

L INT]

——— INTT8

b INTT3

= INTT2

» INTT1

INTTQ

Figure 3.3(8)-2 Interrupt/Micro DMA Enable Flags

|—>— INTVA/INTZ interrupt enable flag.

interrupt enable flag.
interrupt enable flag.
interrupt enable flag.
interrupt enable flag.
interrupt enable flag.

interrupt enablie flag.
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3.4 Standby Function

Executing the HALT instruction sets the TMP91C642A to RUN or STOP mode
according to the halt mode setting register (bit 2 at address FFE6H in memory).
Features of these modes are as follows:

(1) RUN : Onlysuspendsthe CPU. Power consumption remains the same.

(2) STOP : Suspends all internal circuits including the internal oscillator.
Power consumption is greatly reduced.

The above halt states are released by an interrupt request or reset*. Table 3.4 (2) lists
halt release sources. If interrupts are enabled (EI) by the CPU for non-maskable or
maskable interrupts, an interrupt is accepted and interrupt processing starts. If
interrupts are disabled (DI) by the CPU for maskable interrupts, execution resumes
from the instruction subsequent to the HALT instruction; the interrupt request flag
remains “17. . '

If interrupts are disabled (DI) and an interrupt request is generated before execution
of the HALT instruction and latched by the interrupt request flag, HALT is released
immediately after execution of the HALT instruction (does not enter HALT state.)
Therefore, to enter HALT state, clear the interrupt request flag or disable the interrupt
enable flag (IFF) before executing the HALT instruction.

Example) Enters stop mode when interrupts are disabled (DI) and releases halt by

INTO,
(Internal IO just use timer 0.)

DI ; Disables interrupts.

SET 2,(INTEH) ;  Enables INTO for releasing halt.
RES 6, (INTEL) ;  Disables timer 0 interrupts.

LD (WDMOD), 04H ; STOP mode

HALT ; HALT

Program to be executed
- | after releasing HALT.

MCU90-26
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Watchdog Timer Mode Register
7 6 s ¢ 4 P03 2 1 0
wWDMOD | bitsymbol FTBC2 . FTBCI ;. WOTE FIPG HALT EXF DRVE
(FFE6H) Read/Write RW | RW 1 RW RAW RAW R RAW
value after B 0 |fundefined| o0
Function (1:TBCIS (1:TBCHY (4 WDT  it: HALT Inverted | 1: Drives
1018 {to 14 i Enable :TPGD-13 |mode by pinin
linterrupt interrupt éinterrupt 0: RUN execution STOP
:flag : flag :flag mode Jof EXX mode.
: : : 1: STOP  finstruction
mode

|

¥

See 3.6, Time Base Counter and

3.7, Watchdog Timer.

‘I—j v

I/O pin control in STOP mode

1| State before HALT

See 3.4.2, STOP mode.

L, Exchange flag
See 3.1.2, Registers.

——— HALT mode setting

1| STOP maode

Figure 3.4 (1) HALT Mode Setting Register
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3.4.1 RUN Mode

Figure 3.4 (2) shows the timing for releasing halt state by an interrupt in RUN mode.

In RUN mode, the internal MCU system clock does not stop after the HALT
instruction is executed. The CPU stops only execution of instructions. Therefore, the
CPU repeats dummy cycles until the halt state is released. Interrupt requests are
sampled at the falling edge of the CLK* signal in halt state.

(Note) The watchd

timerisal

T g Y Y A TATATATAYRY

*CLK )
g _

(Internal . : 5

A0to 15) _IX Npxt p Nedt + 1

(Internal 4 _ /_
RD)

{Internal (.
WR) , 1)

(Internal = fn = —fm = ot = = {jnput)em = = = = -___.55._____-.___.._,_4..._-(|nput>..-

DO to 7)

INTO i«
(Level) 1))

INTO, 1, 2 p \
(Rising edge) 7

(Internal i«
INT) by

) ; . ‘ Interrupt response
HALT instruction execution sequence sequence

Figure 3.4 (2) Timing for Releasing Halt State by Interrupt in RUN Mode
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3.42 STOP Mode

Figure 3.4 (3) shows the timing for releasing halt state by an interrupt in STOP mode.
In STOP mode, all internal circuits including the internal oscillator.

In STOP mode, almost all pins are disconnected from the MCU and set to high
impedance. Table 3.4 (1) lists the pin states in STOP mode.

If the WDMOD <DRVE > (drive enable: bit 0 at FFE6H in memory) in the internal

I/0 register is set to “1”, pin functions remain unchanged. The register is reset to “0” by
reset.

When the CPU accepts an interrupt request, the internal oscillator restarts. To

obtain stabilized oscillation, the system clock starts outputting after the time set by the
warming up counter (*1).

(Note) *1 Warming up takes a maximum of 22%/fc seconds.

Warming up time

-
o U ‘_ﬂ_ﬂ_/"\_/"\_/"\_/‘\ ¥
el I e}
(Internal — N & T
AOto 15) X pxt =~ () et +
(Internal \ o
RD) e e /
(Internai {
WR) . ')
(Internal ——4——+ ——finpufl— =t === - =4 mm e e e L =~ - — {input) —
DOto7)
%
INTO (
(Level) N
INTO AT\
(Rising edge) ) E—
. . . Interrupt response
HALT instruction execution sequence sequence

Figure 3.4 (3) Timing Chart for Releasing HALT State by Interrupt in STOP Mode
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Inputting a 0-level voltage to the CPU RESET pin also restarts the internal
oscillator. However, for quick response at power on, the warming up counter does not
operate. As a result, the unstabilized clock immediately after restart of the internal

oscillator may cause incorrect operation.

The voltage input at 0-level must be

maintained for sufficient time when releasing halt state by reset in STOP mode.

To release STOP mode in INT0 level mode, INTO must be maintained at “1” until the
second bus cycle of the interrupt response sequence is complete.

Table 3.4(1) Pin Statesin STOP Mode

Pin name Input/Output - tate
<DRVE> =0 <DRVE> =1
PO Input mode _— —
Output mode Qutput Output
P1 Input mode — Input
Qutput mode —_— OQutput
P2 Input mode —_— Input
Qutput mode — Qutput
P30 to P32 Input mode —_ Input
Output mode
P33,P34 ................. 1nputmode ........
........ ; Output mode
s
PIBONTY)
'P37 """ Output pin — Output
P4 Input mode S input
Output mode — Output
P5 Input pin e input
P60 to P63 input mode -_ input
.................................... Outputmode | .o fo. Qutput
P64 to P67 Input pin —_— Input
PWO, PW1 Output pin Output Output

Output pin

Inputis invalid for input mode or input pin; high impedance for output mode or

output pin.

input enabled.
Input gate is in operation. To preventinput pin from fleating, fix input voltage to

non or "1" X
Output stat

MCU90-30
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Table 3.4 (2) I/O Operationsin Halt State and Halt Release
Halt mode RUN STOP
WDMOD<HALT > 0 1
CPU Halt
I/Oport ¥ Maintains state See Table 3.4(1)

Time vase counter

~ | Watchdog timer
o |visssvass detection circuit
2| csync input processing circuit
S |capturecircuit
© [Timing pulse generator
Rl
8 P
Serial inter-face
e
Interrupt controller
INTWD O —
INTO O O
INTCAP O —
v *INTAD O —
; £ | INTSIO O —
S 2 | INTTO O —
- E INTT1 O —
E = INTT2 O —
L INTT3 O —
s INTTB O —_
T INT1 O —
INTVA (VASS) O —
INT2 O —
Reset @) O

(O : Can be used for releasing halt state.
—: Cannotbe used for releasing halt state.

¥ ..., Maintains state at execution of halt instruction.
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3.5 Function of Ports

The TMP91C642A supports a total of 54-pin I/O ports. Port pins function not only as
general-purpose I/O ports but also as I/O ports for internal CPU or internal I/O. Table
3.5 shows port pin functions.

Table 3.5 Function of Ports

Port name Pin name I\(I)L;r;it:zr ::E;ﬁ{[ Unit thi;er Pin na;r:;z;roi:ternal
reset
Port 0 POQ to PO7 8 VO Byte input | TPGOG-0to TPGO-7
Port 1 P10to P13 4 Fe} Bit Input |TPGO-8/1-8to0 .
TPGO-11/1-11

Port 2 P20 to P27 8 110 Bit Input |TPG1-0to TPG1-7
Port 3 P30 to P32 3 o Bit Input —

P33 1 70 Bit Input [C~Sync

P34 1 I{o] Bit input |EXT

P35 1 Input — Input |INTO

P36 ' 1 Input —_ Input  |[INT1

P37 ’ 1 Output — OQutput |PWM8E/TO1
Port4 P4Q 1 o) Bit Input | SCLKO

P41 1 17O Bit Input | TxDO

P42 1 I/O Bit Input |RxDGC

P43 1 Fle; Bit Input {SCLK1

P44 1 J{0] Bit Input | TxD1

P45 1 I/0 Bit Input [RxD1

P46 1 o Bit Input |INT2/TIO

P47 1 o Bit Input | TI1
Port 5 P50 to P57 8 Input —_ Input [ ANDOto ANO7
Porte P60 to P63 4 /10 Bit Input |AN10to AN13

P64 to P67 4 Input —_ Input | CAPOto CAP3

Reset sets port pins to general-purpose I/O ports. Port pins which can be programmed
as input or output are set to input ports. To use port pins for internal functions, make
settings by program.

MCU90-32
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3.5.1 Port 0 (POO to PO7)

Port 0 is an 8-bit general-purpose I/O port PO (address FFCOH in memory) to which
I/O can be specified in units of bytes. To specify [/O, use control register POCR <P0C >
(bit 0 at address FFC1H in memory). Output to P00 can also be controlled by signals
(TPGO-15) from the timing pulse generator and control register POCR<P0S> (bit 1 at
address FFC1H in memory).

Reset resets all bits in the control register and the output latch register to “0” and to
input mede.

In addition to its general-purpose I/O port function, port 0 (TPG0-0 to TPG0-7) is used
for output by the timing pulse generator (TPG).

To use port 0 as a general-purpose I/O port, write “0” to the bit which is also used as a
port in TPG output data register TPOODARO. To use port 0 for TPG output, write “0” to
the port 0 data register PO.

Do not use the bit modify instruction with the port 0 register.

1 Reset

TPGO - 15

‘ \
: TPG _I—"{D

1 control

i 4

Write to POCR<PQS >
/0 control

(in units of bytes)

}
Write to POCR<POC >

T

Output
latch ‘lﬁD‘ > ggé‘t °

Bus

Data

Qutput (TPGQ-0)
Write to PO <PO0> TPGO -0 butfer

Internal

i
[

Read from PO

Figure 3.5 (1)-1 Port 0 (P00)
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-
Reset
Y
1/0 control

(in units of bytes)
2
@ Write to POCR<POC>
L]
- 1
© Outp ut [ Port0
e latch L~ P01 to PO7

Output (TPGO-110 7)
- buffer
° WritetoP0 TPGO -
c <PO1toP0O7> 1ta7
@ 1
-
[ =g
ﬂ \E—G—
Read from PO
-

(Note) P04 to P07 outputs are open drain.

Figure 3.5 (1)-2 Port 0 (P01 to PO7)
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Port 0 Register

7o 6 s o4 i3 1 2 P g g
PO bit Symbol PO7 i P06 I POS 1 PO4 i PO3 i PO2 i PD1 | PO
(FFCOH) Read/Write RAW
Prohibit Value after
read-modify- reset Input mode
write, Function Also used for TPG output (TPG0-0 to TPGO-7). / 3-state output only for PQO.
Port 0 Control Register
7 ¢ 6 1 s i o4 13 12 1 P
POCR bit Symbol o p2s POS . POC
{(FFC1H) - : : E g : Z
Read/Write : : : : : w w : w
Prohitiit : ; : : : :
Val f :
read-modify- reasgtea ter ; 0 0 0
write. Function : i Outputof | Outputof : PO control
: : : : P20 POO (0:In
: 3-state 3-state $1: Out
{(TPG1-15 | (TPGO-15 !
icontrol)  [cantrol) :
:0: Disable | 0: Disable :
:1:Enable |1: Enable :
j
§ | l
>ee3.5.3, Port 2. Sets port 0 input/output.
O mput
1| Output
— Controls output to P00 by
TPGO-15.
P00 states according te <POC> and <POS> of 0| Disable
Port 0 control register and TPGO-15 P s
1| Enable
<POC> <POS> TPGO - 15 POC state
0 - - Input  (Note)

When POCR<POC > is “0", P00 is set to
input mode regardless of the value of
<P0S> or TPGO-15.

When both POCR<POC> and <P0S>
are set to “1” and TPGQO-15 is set to
“1“, POO is set to high impedance
regardless of the value of PO <P00>>.

1 Output

— = OO
S |O = |

High impedance

Figure 3.5(2) Port 0 Related Registers
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35.2

Port 1 (P10to P13)

Port 1 is a 4-bit general-purpose [/O port (address FFC2H in memory) to which I/O
can be specified in units of bits. To specify I/0, use control register PICR<P10C, P11C,
P12C, and P13C > (bits 0 to 3 at address FFC3H in memory). Output to P10 can also be
controlled by signals (TPGO0-14 / TPG1-14) from the timing pulse generator.

Reset resets all bits in the control register and the output latch register to “0” and to
input mode. '

In addition to its general-purpose I/O port function, port 1 is also used for output
(TPGO-8 / TPG1-8 / TPGO-11/TPG1-11) by the timing pulse generator (TPG).

To use port 1 as a general-purpose I/O port, write “0” to the bit which is also used as a
port in TPG output data registers TPOODAR1 <TPOO08 to 0B> and TPO1DAR1
<TPO18 to 1B>. To use port 1 for TPG output, write “0” to the port 1 data register.
When using the TPG output function, specify I/O in units of 4 bits.

Do not use the bit modify instruction with the port 1 register.

i

Reset

TPG cantrol 1

Write to PICR<P15

) TPGO-14 | TPG1 ~ 14
TPG control 2 3

4

Write to PICR<TPG 1M

Bus

v

Data

/0 control
{in units of bits)

)
Write to PICR<P10C3

v

Outputlatch e Port 1

F | P10 |
(TPGD-8/TPG1-8

Write to lg %3}% rt

P1<P10> .

_1__TPGO-8 TPG1-8

Internal

1 :

N T
Read from P1

Figure3.5(3)-1 Port1 (P10}
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Reset

I/O control

Write to PICR<P11C, P12C, P13C>
Output
latch

f

Writeto P1
<P11toP13>
TPGO-9tg TPG1-9 10

TPGC-11f TPG1-11

Bus

™ Port 1

- P11to P13
Output {TPGO-9 10 11/
buffer TPG1-9to 11)

Data

1

TPG
control

T

Write to PICR<TPGTM >

Internal

b~ Read from P1

Figure 3.5(3)-2 Port1(P11toP13)
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Port 1 Register
7 i 6 i s i a4 i 3 2 1 0
P1 bit Symbol ' PI3 F P12 i PIT P P10
(FFC2H) Read/Write RAW
Prohibit Value after
read-modify- reset Input mode
write. Function 1 Also used for TPG output (TPG0-8 to 0-11/
! TPG1-8t0 1-11). / 3-state output only for P10.
Port 1 Control Register
7 6 5 : 4 : 3 2 1 0
P1CR bit Symbol : (Note) L OTPGIM PIS { Pi3C { P12C { P1C | P10C
FEC3H - i Always  f - - .
(FFC3H) ReadMVrite i write *0". W w : w
Prohibit Value after : :
read-modify- reset L 0 0 0
write, Function I TPGoutput :Outputof | 0: In
: control P10 3-state ! 1: Out
[0:TPGD i (TPGO-14/ !
$1: TPGY : TPG1-14 :
: : control) :
i0: Disable !
i1:Enable | (Specifies /O in units of bits)
|
Sets port 1input/output.
S Mmput
1| Output
> Controls output to P10 by
TPGO-14/TPG1-14.
0| Disable B
1| Enable
Sets port 1 to TPGO/TPG1.
01 TPGO
P10 states according to <P10C> and <P15> of 1| TPG1
Port 1 control register and TPGO- 14/TPG1-14
<P10C>] <P15> |TPGO- 14/TPG1—14 P10 state A (Note) , _
When PICR<P10C> is "0", P10 is
0 _ — Input set to input mode regardiess of
L 0 0 Output the value of <P1S> or TPGO-
0 1 14/TPG1-14.
1 0 _ When both PICR<P10C> and
1 1 High impedance <P15> are set to “1" and TPGO-

14/TPG1-14 is set to “1”, P10 is set
to high impedance regardless of
the value of P1<P10> .

Figure 3.5{4) Port 1 Related Registers
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353 Port2(P20to P27)

Port 2 is a 4-bit general-purpose I/O port (address FFC4H in memory) to which [/O can
be specified in units of bits. To specify I/O, use control register P2CR (address FFC5H in
memory). Output to P20 can also be controlled by signals (TPG1-15) from the timing
pulse generator.

Reset resets all bits in the control register and the output latch register to “0” and to
input mode.

In addition to its general-purpose I/O port function, port 2 is also used for output
(TPG1-0 to TPG1-7) by the timing pulse generator (TPG).

To use port 2 as a general-purpose I/O port, write “0” to the bit which is also used as a
port in TPG output data register TPO1DARO. To use port 2 for TPG output, write “0” to
the port 2 data register P2. When using the TPG output function, specify /O in units of
bytes.

Do not use the bit modify instruction with the port 2 register.

g —

Reset
TPG1-15
TPG
control
o Write to POCR<P25 >
[+
- /O control —
@ (in units of bits)
[a)
A
— Write to P2CR<P20C>
M
c l
- Qutput
v latch {\/K g%t 2
-
c T Qutput {TPG1-0)
_ . buffer
Write to TPG1-0
P2<P20>
\/{\}—G_
;
(=
N

Read from P2
Figure 3.5(5)-1 Port2(P20)
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B 9097249 004330k TTH HB



TOSHIBA TMP91C642A
-
Reset
/O control
W
> }
@ Write to P2CR<P21C to P27C>
©
ey ‘I’
g Output ™~ Port 2
latch L P21to P27
- Output (TPG1-1t0 7)
© buffer
- Write to TPG1-1to 4
T P2<P21to P27>
L H] 1
4t
c
) /]L@
Read from P2
N

{Note) P21to P27 outputs are open drain.

Figure 3.5(5)-2 Port 2 (P21 to P27)
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Port 2 Register
70 06 s b4 b3 2 iy
P2 bit Symbol P27 ¢ P26 P25 P24 p23 P22 i P21 P20
(FFC4H) Read/\Write RAW
Prohibit Value after [
read-modify- reset nput mode
write. Function Also used for TPG output (TPG1-0 to TPG1-7)./ 3-state output only for P20.
Port 2 Control Register
7 . 6 i s o4 i3 i 2 i fooo
P2CR bit Symbol P27C P26C P25C P24C 1 P23C P22C P21C P20C
(FECSH) Read/Write w
Prohibit Value after 0
read-modify- reset
write. Function 0:ln 1:0ut  (Specifies /O in units of bits.)
|
» Setsport 2 input/output.
0] Input
| Port 0 Control Register 1] Output
j 7 7 6 1 5 i a4 i 3 2 T 0o
| - -
POCR bit Symbol ' P25 POS POC
? (FFC1H) Read/Write W w W
Prohibit Value after 0 0
read-modify- reset ¢ :
write. Function Output of | Qutput of : PO control
P20 POO 10:In
3-state 3-state i 1:OQut
(TPG1-15 §(TPGO-15
control) control)
0: Disable J0: Disable :
1: Enable }1: Enable
l % J
See 3.5.1, Port Q.
Controls output to P20 by
TPG1-15.
P20 states according to <P20C> and <P25> of 0| Disable
Port 072 control register and TPG1-15 1| Enable T
<P20C>| <P25> TPGO - 15 P20 state .
X (Note)
0 - - Input When P2CR<P20C> is “0“, P20 is set to
1 0 0 Output input mode regardiess of the value of
] 1 <P25> or TPG1-15.
1 0 When both P2CR<P20C> and
| 1 1 High impedance | POCR<P253> are set to “1" and TPG1-15 is

“

set to “1", P20 is set to high impedance
regardless of the value of P2<P20>.

Figure 3.5 (6) Port 2 Related Registers
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3.54 Port3(P30toP37)

Port 3 (address FFC6H in memory) consists of a 5-bit general-purpose I/O port to
which I/O can be specified in units of bits, and a 3-bit general-purpose I/O port to which
input or output is fixed. ‘

To specify I/O for P30 to P34, use control register PACR (bits 0 to 4 at address FFC7H
in memory).

Reset resets all bits in the control register and the output latch register to “0”; I/O port
(P30 to P32) and input-fixed port (P33 and P34) to input mode; output-fixed port (P37) to
PWMS output. _

P33 / C-Sync is also used for input from the C-Sync input proceséing circuit. P34/
EXT is also used for servo signal trigger input. P35 and P36 are also used as interrupt
control pins (INTO0 and INT1).

After reset, servo input function is enabled. P33 can be used for C-Sync input; P34,
for EXT input.

Reset

/0 control
(in units of bits)

Bus

Write to P3CR
<P30C1t{o P32C>

Output I Port 3

latch L P30 to P32
T Output

buffer
Write to P3
<P30Cto P32C>

!

T

<1

s

Read froem P3

Data

Internal

Figure 3.5 (7)-1 Port 3 (P30 to P32)
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Reset

/O control
(in units of bits)

5

Write to
P3CR<P33(,P34C>

!

Output N Port 3
latch - P33 (C-Sync)
T OQutput P34 (EXT)

. buffer
Write to
P3<P33,P34>

Bus

Data

I

Internal

Read from P3

C-Sync
EXT

L

Servo
input control

~ f

Write to SINCR<C-Sync, EXT >

Figure 3.5 (7)-2 Port 3 (P33 and P34)
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<1

INTO
interrupt

Bus

\rl

Read from P3

Level fedge
detect

4

Level/edge

Data

control

}

Write to P3CR<P35M > .

el

Internal

INT1
interrupt

\]\I

Read from P3

Edge
detect

Figure 3.5 (7)-3 Port 3 (P35 and P36)

Reset

Output

Port3
P35 (INTO)}

Port3
P36 (INT1)

[~

Bus

latch

1}

Write to
P3<P37>

<

Data

Read from P3

1

Output

Iinternal

A
{Note)

control

Write to P3CR<P37M >

re

PWM8/TO

P37 outputis open drain.

I/

Port3
P37 (TO1/PWMS)

Output buffer

Figure 3.5 (7)-4 Port 3 (P37)
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Port 3 Register
7 1 6 s ¢ 4 i3 2 1 0
P3 bit Symbol P37 : P36 : P35 P34 P33 P32 P31t P30
(FFCEH) Read/Write | Rw (Note) : R RAW
,\.le"’sleute after s Input only input mode
Function a'?gw&% Also used Also used Also used Alsa used
andTO1. [ forINT1. forINTO. ©  forEXT. for C-Sync.
(Note) <P37> data can be read from the pert output latch.
The port function is output only.
Port 3 Control Register
7 i 8 5 . 4 i 3 2 1 b0
P3CR bit Symbol P37M P35SM . P34C P33C P32¢ P31C | P30C
(FFC7H)  [Readmwrite RW RW RAW
Value after :
reseut : 0 : 0 : 0
Function P37 function INTO controt 0: In
! Econtrol : T: Out
0: PWMY/ 0: lewel
;o101 :
£1: Port 11: tedge {Specifies VO in units of bits.)
| l, |
Sets port 3 input/output
0] Input
11 Qutput
= Controls INTO
0| interrupt detected at high level
1| interrupt detected at riting edge
— P37 function control
<P3I7M\
(Note)To select PWMS8 or TO1, TRRCR 1o 1 0| pwma/Tor
use the TFFCR<TOSEL> [<IOEL> 11 p37
(FFD9H). 0 PWMB | output
1 TO1 to P37
Servo input Control Register
7 ¢ 6 ¢ s i a4 i 3 P2 oo P
SINCR | bit Symbol ; CSync : EXT P-CTL C-FG D-PG D-FG
(FFCEH)  Lreadnwrite . RW L RW RAW RAW RAW RAW
Value afte : : : : : H :
reset - S UL S N SR S S N N
Function ‘ : Servo Input Signal
0: Enable
1 : Disable

Figure 3.5(8) Port 3 Related Registers
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355

Port 4 (P40 to P47)

Port 4 an 8-bit general-purpose I/O port P4 (address FFC8H in memory) to which I/O
can be specified in units of bits. To specify I/0, use control register PACR (address
FFCIH in memory).

Reset resets all bits in the control register and the output latch register to “0” and to
input mode.

In-addition to its general-purpose I/O port function, other port 4 functions are: serial
channel (8100, SIO1) input/output (SCLKO, 1 / TxDO,1 / RxD0,1), and interrupt and
timer (INT2 /TIO0, T11) input.

To use port 4 for serial channel, set the I/O pin settings using port 4 mode control
register PAMR (address FFCAH in memory).

MCU90-46
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(™ Reset

/O control
{in units of bits)
Set
T (Reset has higher priority.)

Write to
PACR<PAQC, PA3C>

ooy 1]

Bus

SIO control

Data

PAMR
<P41M, P44M >

<P42M, P45M >
SIO clock
control

f

Write to SCOMOD < SCLKOS >
and SCIMOD < SCLK1S >

i

Output latch

Internal

T Port4

Write to PA<P41, P44> P40 (SCLKD)

P43 (SCLK1)

el

|

Read from P4

Internal clack

Serial SCLKO, SCLK1
channe!

External clock

Figure 3.5(9)-1 Port 4 (P40 and P43)
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Reset

YO control
{in units of bits)

f t Set (Reset has higher pyiority.}

Write to
PACR<P41C, PAAC>

—

51O control

Bus

f

Write to
PAMR<P41M, PA4M >

R

Output .

Data

P40 and P43 control

‘7

latch

!

Write to
P4<P41,P44>

Internal

Port4

o
=

Read from P4

Serial channel -
TxDQ, TxD1

Figure 3.5(9)-2 Port 4 (P41 and P44)

P41 (TxDO)
P44 (TxD1)
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Reset

11O control

Bus

(in units of bits)

i

Write to

|

PACR<P42C, P45C>

SIO control

Data

P40 and P43

f

Write to

o

PAMR <P42M, P45M >

Qutputlatch

Internal

control

!

Write to
PA< P42, P4S>

Y‘i

Serial channel

T
U

Read from P4

1.

Figure 3.5(9)-3 Port 4 (P42 and P45)

RxDO,RxD1

Port4

P42 (RxDO)
P45 (RxD1)
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’\——
Reset
/O control
(in units of bits)
w1
5 f
m Write to
PACR<P46C, PA47C>
[0} I
2 Output latch ~{> Port4
T %u;&?ut P46 (TIQ /INT2)
utter P47 (TI1)

Write to
PACR< P46, P47 >

ﬁ ﬁi&

Read from P4

i INT2 l
~_l | interrupt 1
S onlyforP46 Function i
TIO (to timers 0 and 2) A
Ti2 {to timer 3) ~J

Figure 3.5(9) -4 Port 4 (P46 and P47)
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Port 4 Register
7 % 6 . s i o4 i3 12 1 Pooo
P4 bit symbol P47 1 P46 . P45 . paa | Pa3 i Pa2 i PM | P4
(FFC8H)  IReadwrite RAW
}leaslet.lte after Input mode
Function Alsoused | Alsoused | Alsoused | Alsoused ;| Alsoused : Alsoused : Alsoused : Also used
forTil. : forTIQ : forRxD1. i for TxD1. i for SCLK1. ¢ for RxDO. : for TxDO. : for SCLKO.
: and INT2. | s : 1 : :
Port 4 Control Register
7 ¢ 6 i s 14 i3 i 20 P
PACR bit Symbol PA7C | P46C | PASC [ P44C | PA3C | P42C | P4IC | P4OC
(FFCIH) Read/Write R/W
Value after 0
reset
Function 0:In 1:0ut (Specifies I/0 in units of bits.)
e Sets port 4 input/output
0| Input
1| Output
Port 4 Mode Control Register
70 6 5 i 4 i3z by P
PAMR  |bitSymbol L PASM | P4AM  Pa2M . PAIM
(FFCAH) Read/Write RiVY RIW RIW RIW
Value after : : : ‘ ! : :
reset 0 : 0 : 0 : 0

Function i5107 receive $SI07send | SIO1 receive : $I01 send
Contral Control Control Control
:0: Port { 0: Port O: Part © 0: Port
SHRKDT (TR PLRXDO §1:TwDO

| | |

L Sets P40, P41/5CLKO, TxDO function
0] P40, P41

1] SCLKO, TxDO

— Sets P40, P42/SCLKG, RxD0 function
0 P40, P42

11 SCLKO, RxDO

Sets P43, P45 /SCLK1, RxD1 function L——» Sets P43, P44/SCLK1, TxD1 function
0| P43, P45 0} P43, Paa

1| SCLK1, RxD1 11 SCLK1, TxD1

Figure 3.5 (10) Port 4 Related Registers
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35.6 Port5 (P50 to P57)

Port 5 is an 8-bit input port (address FFCBH in memory) which is also used for analog

input (AN0O to ANO7).

/-\_f
(7]
=3
m < Port5

™ P50 to P57
I T (ANQO to ANO7)
: Read from P5
Q
— ADREG A-D 8 + 4 channel
© register converter | | an_a!og
c multiplexer |
@ | Read from ADREG
-
=4
P60 to P63
I~ (AN10 to AN13)

Figure3.5(11) Port5

Port 5 Register

T~ 7 i & i 5 i 4 i 3 i 2 i 1 i 0
PS5 bit Symbol Ps7 i P56 i P55 i ps4 i PpS3 ! ps2 I PSI i PSO
(FFCBH) Read/MWrite R
xeasleute after Input only
Function Also used for analog input pin (ANOO to ANO7)

Figure 3.5(12) Port 5 Related Registers
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3.5.7 Port6(P60 to P67)

Port 6 is a general-purpose I/O port consisting of 4 bits to which I/O can be specified in
units of bits, and 4 bits to which input is fixed.

To specify I/O for the pins from P60 to P63, use control register PECR<P60C, P61C,
P62C, P63C> (bits 0 to 3 at address FFCDH in memory).

Reset resets all bits in the control register and the output latch register to “0” and to
input mode.

In addition to its general-purpose 1/O port function, port 6 is used for A/D input (AN10
to AN13) and servo signal trigger input (CAPO to CAP3).

After reset, servo input function is enabled. P64 to P67 can be used for CAPO to CAP3
input.

(Note) When using P60 to P63 for A/D input (P6CR<P6M>=1), /O port function
cannot be used.

Pl .

Reset
[ ©
]i/D |nfput control I_—
“ Write to P6CR<P6M >
3
@ /O control —
(in units of bits)
- !
= Write to
a P6CR < P60C to P63C >
; Output ~ bort s
C e N P60 10 P63
v L Qutput (AN10 to AN13)
| Write to P6<P60 to P63 > buffer
=
) /I\I\_I:C:l‘——
<1
\l:I R
AN10to AN13
To analog multiplexer
Read from P6
-

Figure 3.5(13)-1 Port 6 (P60 to P63)
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<1

Reax]\;m P6

input
control

elnternal Data Buse
0
bl
)
e
(&)
-l
~
e ]
@
W
[
-,

Figure 3.5(13)-2 Port 6 (P64 to P67)

Write to SINCR <D-FG, D-PG, C-FG, P-CTL>

Port 6
P64 to P67
(CAPO to CAP3)
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Port 6 Register
T~ 7 i & i s < & f 3 { 2 . 1 1 o
P6 bit Symbol P67 i P66 © P65 1 P64 i P63 P62 | PBl | P60
(FFCCH) Read/Write R RW
y(-glel"te after Input only Input mode
Function Also used ‘(‘52’80‘&%“3}\};5?99’ input Also used for analog input pin (AN10 to AN13)
Port 6 Control Register
7 ¢ 6 o5 14 i3 b 2 1y i g
PGCR  |bitsymbol i Note:Alwayswrite .~ P6M i PG3C : P62C . P6IC | PBOC
(FFCOH)  [Readmyrite 0 CORW G RAW
Val ft :
i 0 :
Function ' AD 0:In
: finput : 1: Out
icontral
:0: Port :
(1A H (Specifies /O in units of bits.)
input i
¥
Sets port 6 (P60 to P63) input/output
0] Input |
1| Output
—— Sets port 6 (P60 to P63) function
0| Porté
11 A/Dinput (AN10 10 AN13)
Servo Input Control Register
75 6 i o5 b4 b3 i 20 P
SINCR bit Symbol ; CSync © EXT { PCTL | CFG | DPG . DG
(FFCEH)  [Readmvrite CORW D RW i ORW L RW  RW | RW
roer” oer L0 °¢ o P e i 0 i 0
Function Servo Input Signal
: : 0: Enable
1: Disable

Figure 3.5 (14) Port 6 Related Registers
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3.6

3.6.1

Time Base Counter (TBC)

The TMP91C642A has an 18-bit time base counter which generates operation timing
reference signals. The software servo is controlled by system time, which is based on the
contents of the time base counter. A clock obtained by dividing the fundamental clock
(fc) by two is input to the time base counter.

The time base counter outputs (TBC1 to TBC18) are used as reference signals for
timers 0 to 3, 24-bit capture, timing pulse generator, 12-bit PWM, and watchdog timer.
Figure 3.6 (1) is the block diagram of the time base counter.

Operation

The time base counter value can be cleared by time base counter operating mode
register TBMOD <TBCCLR>. Setting <TBCCLR> =1 zero-clears the counter value.
During reset, <TBCCLR> is cleared to “0”. Releasing reset starts the timer base
counter from “0”. _

The time base counter has two interrupt sources. It can select an interrupt source
according to control register TBMOD <INTS2,1>. Both interrupt generating circuits
use control register TBMCD <INTTBC2,1> to select one of the four TBC output signals
and generate an INTTB interrupt. These interrupts are output to TPG0-13, also used for
output by the timing pulse generating circuit. Reading <FTBC2, 1> <FTPG> of
watchdog timer mode register WDMOD identifies the interrupt source.

When using an INTTB interrupt for the TBC, do not share the interrupt (TPGO0-13)
with the TPG. (If an INTTB interrupt is shared with TPG, interrupt timing may be
incorrect.)

Figure 3.6 (2) is the INTTB interrupt generation block diagram.

Table 3.6 lists time base counter outputs and cycles.

Table 3.6 Time Base Counter Qutputs and Cycles

OutpTuBtCsignai Cycle (us) Outpziiignal Cycle {xs) Outpzi(;ignal Cycle {us)
TBC1 (22/c) 0.4 TBC7 (28/c) 25.6 TBC13 (2'4/fq) 1638.4

2 (23/f0) 0.8 8 (29/fc) 51.2 14 (215/fc) 3276.8

3 (24/¢) 1.6 g (210/fc) 102.4 15 (216/fQ) 6553.6

4 (25/c) 3.2 10 (211/fc) 204.8 16 (217/¢) 13107.2

5 (26fc) 6.4 11 (212/fc) 409.6 17 (218/f¢) 26214.4

6 (27/q) - 128 12 (213/fc) 819.2 18 (219/f¢) 52428.8

@ fc=10MHz
MCU90-56
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TBC1 TBC2 TBCi1 TBC12 TBC13 TBL14 TBC15 TBC16 TBC17 TBC18
3

Oscillation fal 12 2 18-bit time base counter
crcult
, YClear
17217 %) (system clock) TBMOD <TBCCLR >
e ¢2
Figure 3.6 (1) Time Base Counter (TBC) Block Diagram
TBMOD
<INTTBC1>
! l, — TBMGD WDMOD
; TRCH _f <INTS1> <FTBCI1>
| TBC12 —> ' ) INTTBC1
: Selector [— Edge
‘ TBC13 — detect
| TBC14 — JL s @ 5
| RES — R
! LE
| |
WR
TBMOD
‘ <INTTBC2>
i l — TBMOD WDOMOD
TBC1S _f <INT52> <FTBC2>
* INTTBC2
TBCI6 —> Edge \:‘ S— =) -INTTB
Selector |
TBC17 —> detect |_’ L
TBC18 —» s %p
RES —| R
LE
| WR
_}'h WDMOD
<FTPG >
TPGO-13 ;;2‘:1 :
(TPG output) LS Q 5
RES — R
LE
WR

Internal data bus

Figure 3.6 (2) INTTB Interrupt Generation Block Diagram
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3.6.2

Control Registers

The time base counter is controlled by two control registers: TBMOD and WDMOD.
Figure 3.6 (3) shows the TBC related register.

Time Base Counter Mode Control Register

7 i 8 5 i 4 3 i 2 1 N
TBMOD | bit Symbol | TBCCLR | INTSZ | INTSH INTTBC2 INTTBC2
(FFE8H) | Read/Write RW RAW RAW RAW RIW
Value after foo o i 0 o i 0 o i o
Function gTBC clear iTBCinterrupt enable ETBCinterrupt source ETBC interrupt source
100 - | register iselect2 iselect 1
:1: Stop :00: Disable : 00: TBCIS :00: TBCN
: & 101: INTTBC1 :01: TBC16 101: TBC12
Clear :10: INTTBC2 110: TBC17 110: TBC13
11 INTTBCT & i11: TBC18 i11: TBC14
© INTTBC2 : i
] ‘ }
Time base counter interrupt
source select 1
00 | TBC11
01 | TBC12
10 |78C13
11 |T8C14
Time base counter interrupt
—
source select 2
00 |TBCIS
01 |TBC16
10 |TBC17
11 |TBCi8
Time base counter interrupt
enable register
00 |lInterruptdisable
01 [INTTBC1enable
10 | INTTBC2 enable
11 |[INTTBCI&INTTBC2

Stop & Clear

Figure 3.6 (3)-1 TBC»ReIated Registers
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Watchdog Timer Mode Register

7 € i s 4 3 2 1 i o
WDMOD | bit Symbol FTBC2 | FTBC WDTE FTPG HALT | EXF i DRVE
(FFE6H) | Read/write RW i RW RAW RIW RW i Rl RW
Value after I 1 0 0 Undefined: 0
Function 1: 1: 1: WDT 1z HALT Inverted by? i: Drives
TBC1Sto :(TBCl1to Enable FT7PGD-13 [mode iexecution i pinin
18 4 interrupt  J0: RUN [ of EXX i STOP
interrupt interrupt flag mode instruction! mode.
flag : flag 1:STOP ! :
! mode

*_Iélgl

/O Pin control in STOP mo

1 State before HALT
(Note) See 3.4.2, STOP mode,

Inverted by execution of EXX
instruction.

{Note) Undefined
immediately after
reset.

———>HALT mode setting

0 RUN mode

1 STOP mode

TPGO-13 interrupt generation
check flag

1 interrupt generated.
(Note} Write "0" after check.

Watchdeg timer enable/disable

] " control
{TBC11 to TBC14) interrupt
generation check flag 0 {Disable(Note)
— L B U PR
0 — 1 Enable
'1 Interrupt generatvc-‘)'d. (Note) Todisable the watchdog
(Note) Write "0” after check. timer, the dlsab!e code
must also be written to
{TBC15to TBC18} interrupt WDCR as well as
generation check flag WDMOD.

1 Interrupt generated.
{Note) Write "0" after check.

Figure3.6 (3)-2 TBC Related Registers
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3.7

3.7.1

HALT instruction (STOP mode) in executiop————o

Watchdog Timer (Malfunction Detection Timer)

When the CPU starts misoperation (that is, malfunction) due to noise or some other
cause, the watchdog timer (WDT) detects looping and brings the CPU back to normal
operation. The malfunction is detected, a non-maskable interrupt is generated and the
CPU is notified of malfunction. ‘

Configuration

Figure 3.7 (1) is the block diagram of the watchdog timer.

The watchdog timer consists of a 5-step binary counter which uses TBC18 as an input
clock, a flip / flop for watchdog timer output enable / disable, and control registers.

The watchdog timer generates an INTWD interrupt after a minimum detection time
of 2%%/fc. The binary counter of the watchdog timer is zero-cleared before an INTWD
interrupt generated by software (instruction). If the CPU misoperates due to noise or
other cause and an instruction to clear the binary counter is not executed, the binary
counter overflows and an INTWD interrupt is generated. Then the CPU detects the
misoperation; normal operation can be resumed using a program to deal with

malfunction.

=i

The watchdog timer i:@?topped only in STOP mode. After STOP mode is released, the
watchdog timer resumes operation after the warming up time. '

The watchdog timer operates in RUN mode (the other HALT mode). It can be
disabled before entering RUN mode. :

INTWD interrupt

2226}
to
5-step binary counter for | 223/fc} WD output
;r;?l?‘c) watchdog timer "] control circuit

reset ) enable

J\ Q

1 F/F

Reset
R S

Write Write B1H.

4EH. [T Reset

WDMOD<WDTE>

Watchdog timer controt
register: WDCR

N

internal data bus

Figure 3.7 (1) Watchdog Timer Block Diagram
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3.7.2

(1)

(2)

Operation

Watchdog timer enable/disable control (WDMOD <WDTE>)

To disable the watchdog timer, WDTE must be zero-cleared and the disable code
(B1H) must be written to watchdog timer control register WDCR,
To enable the watchdog timer, set <WDTE > to “1”.

Watchdog timer control register (WDCR)
Used to control disabling the watchdog timer and clearing the 5-step binary counter.
O Watchdog timer disable control

Writing “0” to WDMOD<WDTE >, then writing the disable code (B1H) to WDCR
disables the watchdog timer.

Setting example:

WDMOD «<x x x 0 x X x X Zero-clears <WDTE >.
WDCR <1 0110001 Writes the disable code (B1H).

@ Clear control of watchdog timer binary counter

Writing the clear code (4EH) to WDCR clears the binary counter and performs re-
count.

During reset or halt execution after setting the mode to STOP mode, the clear signal
is input and the watchdog timer is reset.

Setting example:
Clear control by writing clear code

WDCR ~—0 1001110 Writes the clear code (4EH).
Clear control by HALT mode

WDMOD « - - - - — 1 x x Sets to STOP mode.
Executes HALT instruction. Sets to HALT mode.
MCU90-61
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3.7.3  Control Register

The watchdog timer (WDT) is controlled by two control registers: WDMOD and
WDCR. Figure 3.7 (2) shows the WDT related register.

Watchdog Timer Mode Register

7 i 6 i S5 4 3 i 2 i 1 10
womoDp | bitSymbol i FTBC2 i FTBCI WDTE FIPG | HALT | EXF | DRVE
(FFE6H) | Readrwrite PORW D RW RAW RW | RW i R i RW
Value after P00 P 1 0 i 0 iUndefinedi 0
Function it HE 1: WDT 1: PHALT Inverted by : 1: Drives
iTBC15t0  {TBC1ito Enable |TPGO-13 :mode lexecution @ pinin
;18 4 interrupt (0: RUN  {of EXX i stop
linterrupt  linterrupt flag ! mode instruction.; mode.
iflag flag (1:STOP ¢ :
: : mode
| | l 1 ]
| }

See 3.1, CPU/ 3.4, Standby function
_ Watchdog timer enable/ disable

control

Q | Disable (Note)

1 Enable

{Note} Todisable the watchdog
timer, the disable code
must also be written to
WDCR aswell as
WOMOD.

See 3.6, Time Base Counter

Watchdog Timer Control Register
7 i 6 : s i 4 i 3 i 2 {1 i 0

wDCcR | bitSymbol

(FFE7H) | Read/Write w

Value after —
reset

Function

B1H : WDT Disable Code 4EH : WDT Clear Code

| Watchdog Timer disable and clear

B1H Disable code

.........................................................

J

Figure 3.7 (2) Watchdog Timer Related Registers
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38

3.8.1

Servo Input Circuit

TMPQ1C642A incorporates the following servo input dedicated cireuits and signal
processing circuits to efficiently perform servo operation by software.

® D.-FG/D-PG input processing circuit

C-FG programmable divider

C-FG mask counter

P-CTL programmable divider

VISS / VASS detector (explained in 3.9, VISS / VASS detector.)

C-Sync input processing circuit (explained in 3.10, C-Sync Input Circuit.)

D-FG /D-PG Input Circuit / P64 (CAPQ) - P65 (CAP1)

There are three commonly-used methods (2PG, 2PG /FG, and 1PG /FG) of generating
frequencies and pulses for VCR servo control using a drum. The D-FG / D-PG input
circuit incorporates a detect-edge selector and a 3-bit programmable divider for
processing the D-FG input signal used to synchronize the D-FG input with the D-PG
input signal.

0V-5V logical-level signals are obtained by amplifying and shaping, using the sense
amp of the external circuit, the small signals from the frequency generator (FG) and
pulse generator (PG) on the drum motor. These logical-level signals are used as the D-
FG/D-PG input signals.

Edge detection of D-FG / D-PG is controlled by servo input control register
SSINCR1 <DFGPO, DPGPO > (bits 5 and 1 at address FFEEH in memory). The 3-bit
programmable divider can set the frequency division ratio from 1 to 1/8 in the D-FG
frequency divider control register, PCDFCR<DFGPR2 to 0> (bits 7 to 5 at address
FFF1H in memory).

The frequency dividing counter is reset when a D-PG edge detect pulse is generated
with SSINCRI<DPFG>=1. In the 1PG / FG method, this operation is used to divide
the D-FG signal.

Table 3.8 (1) lists settings of the D-FG frequency divider control register and D-FG

signal frequency division ratios.

Table 3.8(1) Settings of D-FG Frequency Divider Control Register
and D-FG Signal Frequency Division Ratios

PCDFCR<DFGPR2t0 0> D.FG input signal
2 1 0 frequency division ratio
0 0 0 1
0 0 1 1/2
0 1 0 1/3
0 1 1 1/4
1 0 0 1/5
1 0 i 1/6
4 1 0 177
1 1 1 1/8

MCU90-63
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(1)

(2)

The D-FG / D-PG input signal is enabled/disabled using servo input control register
SINCR<D-FG, D-PG>. The D-FG/D-PG input pins can be simultaneously used as
input ports (P64, P65).

Reading SSINCR1<DPGIN> checks the D-PG input signal. Writing “1” to
SVCFREG<DPGFRS > clears SSINCR1 <DPGIN >.

The following explains using examples with TMP31C642A the three commonly-used
methods of VCR servo control with FG - PG generation using a drum. :

2PG Method

Generates two PG pulses per one rotating of the drum and uses these pulses to
generate the head switching (D-FF) signal. At this time, to correct inaccuracies of the
PG magnet and rotating head positioning, adjusts them by varying their delay times.
TMP91C642A captures TBC time data at the PG pulse timing and detects them as phase
data. The value determined by adding the pre-defined delay data to the detected phase
data is set to the TPG comparator register and a D-FF signal is generated. The D-AFC
(drum motor-auto frequency controller) detects both edges of the signal.

With this method, a D-FF signal is generated at the PG pulse timing for reference.
The D-FF signal can be generated in sync with the PG pulse timing even if the PG
timing is delayed.

The 2PG method controls the speed of rotation using the PG pulse, with the output of
the PWM circuit. : ‘

DPG

0dd- b | numbered field
- 1
D-FF : numberedfield: 1
' -— - e
1 1

—|

t ! Sets delay amount to TPG.

Figure 3.8 (1) D-FF Signal Generation Using 2PG Method

2PG/FG Method

The 2PG / FG method is the 2PG method with a D-AFC dedicated FG added to
improve the performance of the AFC. The PG pulse is processed the same way as the
2PG method.

MCU90-64
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(3)

1PG/FG Method

Generates a one-edge head switching (D-FF) signal from FG. The one-edge pulse is
generated on the assumption that the 180° division of FG is accurate. The advantage of
this method is that the PG pulse is adjusted only once. The PG pulse only indicates
which FG pulse corresponds to the phase of the drum head.

D-PG l J
CL‘ CLL

1 2 3 1 2 3 1 2 3 1
D-FG «—— Count by
| ! software
! I L
|

t 1 Setsdelay amount to TPG.
Figure 3.8 (2) Generation of D-FF Signal Using 1PG / FG Method

D-FF

— — | -—

3.8.2 C-FG Input Circuit /P66 (CAP2)

To enable capstan motor variable-speed playback (special playback), the C-FG input
circuit incorporates a 1/2 divider or doubler, used to change C-FG circuit sampling rate,
and a 5-bit programmable divider. To prevent the CPU from losing control due to
frequent interrupts during motor malfunction, the C-FG circuit incorporates a 4-bit
mask counter.

0 to 5V logical-level signals are obtained by amplifying and shaping, using the sense
amp of the external circuit, the small signals from the frequency generator (FG)
obtained from the capstan motor. These logical-level signals are used as the C-FG input
signals.

The input C-FG signal can be used as the input clock for timer 2 without change, thus
enabling events to be counted.

Input pulses are enabled/disabled using servo input control register SINCR<C-FG>
(bit 2 at address FFCEH in memory). The C-FG input circuit can be simultaneously
used as an input port (P66).

(1) C-FGsignal sampling rate selector

The C-FG signal sampling rate selector is used to select input signal sampling rates
from 1/2, 1, and 2. The selector is controlled by servo input control register
SSINCR1 <CFWPR, CFWEG > (bits 4 and 3 at address FFEEH in memory),

MCU90-65
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(2) C-FGProgrammable Frequency Divider

This divider consists of a 5-bit counter. A ratio of 1 to 32 is set to the C-FG
frequency divider control register, PCFSCR<CFGPR4 to 0> (bits 4 to 0 at address
FFF2H in memory). :

Table 3.8 (2) lists settings of the C-FG frequency divider control register and C-FG
frequency division ratios.

Table 3.8 (2) Settings of C-FG Frequency Divider Control Register and C-
FG Frequency Division Ratios

PCFSCR C-FG input PCFSCR C-FGinput
<CFGPR4 10 0> signal frequency <CFGPR4t0 0> signal frequency
4 3 2 1 0 division ratio 4 3 2 1 0 division ratio
0 0 0 0 Y] 1 1 0 0 0 0 1/17
o 0 o0 0 1 1/2 1 0 0 O 1 1718
C 0 0 1 0 1/3 1 0 0 1 0 119
0 G 0 1 1 1/4 1 0 o 1 1 1/20
0o 0 1 0 O 1/5 1 0 1 0 O 1/21
0 0 1 0 1 1/6 1 0 1 0 1 1/22
0 0 1 1 0 17 1 0 1 1 0 1/23
0 0 1 1 1 1/8 1 0 1 1 1 1/24
0] 1 0o o0 0 1/9 1 1 0 o 0 1/25
0 1 0 0 1 1/10 1 1 4] 0 1 1/26
0 1 0 1 0 111 1 1 0 1 0 1/27
0 1 0 1 1 1712 1 1 0 1 1 1/28
0 1 1 0 0 113 1 1 1 0 0 1/29
0 1 1 0 1 1714 1 1 1 0 1 1/30
0 1 1 1 0 115 1 1 1 1 0 1/31
0 1 1 1 1 1/16 1 1 1 1 1 1/32
MCU90-66

B 3097249 0043333 T27 WA



TOSHIBA TMP91C642A

(3) C-FG Mask Counter

The C-FG mask counter is used to mask C-FG signals generated within the time
specified by software and to prevent interrupts from being generated in less than the
mask time.

The C-FG mask counter is a 4-bit counter. The counter uses internal signal TBC8
(2%fc) as input. The mask time is set in the C-FG mask time control register
PCFCR1<CFMSK3 to 0> (upper 4 bits at address FFFOH in memory). Up to 768 us
(@fc=10 MHz) can be masked.

If the C-FG signal is input during masking, the malfunction detect flag,
SSINCR2<CFGMCP > (bit 0 at address FFFFH in memory) is set to “1”. Writing “1”
to SVCFREG < CFGFRS > clears SSINCR2 < CFGMCP > .

Table 3.8 (3) lists settings of the mask time control register and mask times.

Table 3.8 (3) Settings of C-FG Input Mask Time

PCFCR1
<CFMSK3 t0 0> " C-FG input mask time {zs)
@fc=10 MHz
3 2 1 0
0 0 0 0 0 -
0 0 0 1 i 51.2
0 0 1 0 2 102.4
0o 0 1 1 3 153.6
0 1 0 o0 4 204.8
o 1 0 1 5 256.0
0 1 10 6 307.2
0 1 1T 1 7 358.4
T 0 0 0 8 409.6
1 0 0 1 9 460.8
1T 0 1 0 10 512.0
1 0 1 1 11 563.2
1 1 0 0 12 614.4
1 1 0 1 13 665.6
1 1 1 0 14 716.8
1 1 1 1 15 768.0
Mask Time
=TBC8Xn

=(1/{fc/2)) x28Xn (s)
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3.8.3 P-CTL Input Circuit/ P67 (CAP3)

The P-CTL input circuit consists of an edge detect selector and a 5-bit programmable
divider.

0 V-5 V logical-level signals obtained by amplifying and shaping, using the sense
amp of the external circuit, signals recorded on the VCR tape which are extracted at
playback by the control head. These logical-level signals are used as the P-CTL input
signals.

Edge detect is selected using control register CSYNCR<PCTPO> (bit 5 at address
FFEFH in memory). The control signals recorded on VCR tape consist of binary 1s and
0s. When switching the P-CTL edge, note that depending on the level of the P-CTL
input, the number 1s of may not be counted correctly.

A frequency division ratio of 1 to 32 is set in the 5-bit programmable d1v1der using the
P-CTL frequency divider control register PCDFCR<PCTPR4 to 0> (bits 4 to 0 at
address FFF1H in memory). (For how to make the setting, see Table 3.8 (2), Settings of
C-FG Frequency Divider Control Register and C-FG Frequency Division Ratios.)

The input signal is enabled/disabled using servo input control register SINCR<P-
CTL>. The P-CTL input circuit can be simultaneously used as an input port (P67).

First, the polarity of the input P-CTL signal is controlled according to
CSYNCR<PCTPO >, then supplied to the timer 3 input clock and the VISS/VASS
detector (see 3.9, VISS / VASS Detector). v

<PCTPO> is a register used to select the rising/falling edge of the input signal.
Switching the P-CTL input edge detect facilitates reading of P-CTL data at video
forward/reverse.

3.8.4 C-Sync Input Circuit/ P33

The C-Sync input cireuit is used to input the composite sync signal (C-Sync) of the TV
or VCR to the C-Sync input processing circuit (see 3.10, C-Sync Input Processing
Circuit). |

As the C-Sync input signals, 0 to 5V logical-level signals obtained by amplifying and
shaping C-Sync signals, using the sense amp of the external circuit, are used.

Input signals are enabled/disabled using servo input control register SINCR<C-
Sync>. (After reset, <C-Syne>=%“0" and the C-Sync 1nput circuit is enabled. )

3.8.5 EXT Input Circuit/ P34

The EXT input circuit is a servo input circuit with an edge detect selector.

Edge detect is selected by servo input control register SSINCR1 <EXTPO>.

Input signals are enabled/disabled using servo input control register SINCR <EXT>.

Edge-selected input signals are OR-ed with software capture,
SVCFREG <CASFWR>, and shared. (After reset, <EXT>=%“0" and the EXT input
circuit is enabled. ) :

MCU90-68
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P64 _f—
| sel 3-bit programmable DFG
elector > divi
P64 —J_, divider
CAPD —l T T T clear
(D-FG)  sINCR —
<D-FG> PCDFCR
SSINCR1<DFGPO> <DEGPR2 to 0> SSINCR1 <DPEG >
P6S »
_—l_)_ Sefect DPG
elector
P65
CAP1 _\ —J—)
(D-PG)  INCR — T | SSINCR1
<D-PG> <DPGIN >
SVCFREG
SINCR1<DPGPO>
i <DPGFRS > (D-PG edge
. . detect flag)
= Timer 2 input clock C-FG
TBC8 (29/fc)
\ 4 L]
| P66 | M
] 5-bit programmable libit mask counter | CFG
P66 | 172 dwvider Selector > divider > |
! CAP2
& e ~ o o[-
<CFG> | doubler T T $SINCR2
. PCFSCR<CFGPR4 to 0> PCFCR1 <CFGMCP> ]
! SSINCR1 < CFWEG, CFWPR> <CFMSK3to 0> .
i {malfunction
‘ J— detect flag)
P67 ~ _]‘ _]__,
5-bit programmable PCTL
PE7 Selector divider To
CAP3 _l I TTTT capture
(P-CTL)  sINCR L T circuit
<P-CTL> PCDFCR<PCTPR4to 0>
CSYNCR
<PCTPO> _}
j > PCTL
—
” {(VISS f VASS detector)
SYNCDV<VPPO4 t0 01> (<DVS> =00l Timer 3 input clock PCTL
i
P33 —— ] ;
(22/fc) i Input noise
C-SyncD@ V-Sync separator mask circuit VP
SINCR V-Sync mask release
<C-Syne> Odd/Even Even- N TPG1-12 TPG1-13
numbered field F—— Odd/Even secision
decision circuit SSINCR2<PB>
P34 j_ ﬁ
P34 Selector
EXT ‘\ EXTin
SINCR _ T
<EXT> —l_l-
SSINCR1 SVCFREG

<EXTPO>  ~CcASFWR>

Figure 3.8 (3) Servo Input Block Diagram
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3.8.6 Control Registers
Figure 3.8 (4) shows the serve input related register.
Serva Input Control Register ‘
~— | 7 i 6 i s i 4 i 3 i 2 { 1 ¢ 0
SINCR | bit Symbol " Csyne § EXT i PCTL i GFG | DPG [ DG
(FFCEH) |Read/Write P RW | RW  RW ! RW i RW | RW
Value after : ! : : : :
s @ i o0 {0 : 0o : 0 : 0 = 0
Function Servo Input Signal
: 0: Enable
1: Disable
| ]
l—»Serw input control
0 |Enable
1 |Disable

Figure 3.8 (4)-1 Servo Input Circuit Related Registers
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Servo Input Control Register 1

7008 6 5 a4 i3 12 i
sSINCR1 | bit Symbol : EXTPO @ DFGPO : CFWPR | CFWEG : OPFG | DPGPO | DPGIN
(FFEEH) | Read/Write Fwoosw i w b ow i ow ¢ ow R

Prohibit | Value after i e i 9 i o0 i 0o o0 i 0o i o
read- : : : i t ! :
modify- Function : EXT Edge : DFG Edge : CFG : CFG Edge : DFG/DPG : DPG Edge : DPG Edge
write. i Detection : Detection gfrequency ; Detection isyne : Detection : Detect
(007 HU idivision 100 1| i register 1 0: : Flag
HE E A iselector 111 7 :0: Disable :1: } :1: D-PG
g : 1001 i1: Enable | | edge
AL | detect
1 1 ] !
D-PG edge detect flag l
0 |-
1 | D-PG edge detect

(Note) Writing ¥1” clears
SVCFREG <DPGFRS >
(bit 2 at address FFFEH in
memory) to 0.

L5 D-PG edge detect selector

0 | Rising edge

1 Falling edge

|_._>DFGI DPG sync enable register

0 Disable

1 Resets D-FG counter at
D-PG detect.

f—— 5 C-FGinputsampling selector

T_LT—_'U_ 00 | Double (both edges at

x1 frequency division)

—| 01 |x1(risingedgeatxi
__T_L_T_—l_T frequency division)

Ti_‘l‘_ 10 | x1 (both edges at 172

frequency divisien)

T_‘__T_ 11 | 1/2(rising edge at 1/2

frequency division)

D-FG edge detect selector

0 |Rising edge

1 [Falling edge

»EXT edge detect selector

0 | Rising edge

i Falling edge

Figure 3.8 (4)-2 Servo Input Circuit Related Registers

MCU90-71
BN 9097249 0043338 509 WA



TOSHIBA TMP91C642A
C-FG Mask Time / VISS Discrimination Control Register
7 ¢ & i 5 i a4 i 3 i 2 i q 0
PCFCR1 |bitSymbol | CFMSK3 | CFMSK2 i CFMSK1 | CFMSKO | VISS3 vIss2 i VIsSt VISSO
(FFFOH) ] Read/Write w ' w
o Value after : :
lr’;:;nbut reset 0 : 0 : 0 : o : 0 : 0 : 0 _ 0
. modify- Function C-FG Mask Time Control VISS discrimination control
write. * | . + |
C-FG mask time control register {Note) See 3.9, VISS / VASS Detector.
(Note) For settings, see Table 3.8 (3).
P-CTL/D-FG Control Register
7 ¢ 6 . s i 4 P o3 i o2 i1 i 0
PCDFCR |bitSymbol | DFGPR2 | DFGPR1 | DFGPRO : PCTPR4 i PCTPR3 | PCTPRZ : PCTPR1 | PCTPRO
(FFF1H) {Read/Write W : W
T Value after
P;ol;lblt reset 0 ‘ 0 : Q 0 0 : 0 : 0 0
read-
modify- Function D-FG 3-bit prescaler control P-CTL 5-bit prescaler control
write. 1 * + J
D-FG frequency divider control register P-CTL frequency divider control register
(Note) For settings, see Table 3.8 (1). {Note) For settings, see Table 3.8 (2).
P-CTL/C-FG Signal Register
7 ¢ 6 i 5 i 4 i 3 2 i1 0
PCFSCR | bit Symbol DVS | PCTLCK2 | PCTLCK1 | CFGPR4 ;| CFGPR3 | CFGPRZ i CFGPR1 | CFGPRD
(FFF2H) JRead/Write [ W | W w
o Value after :
:Zglblt reset 0 : 0 : 0 : 0 0 : 0 0 0
madify- Function SYNCDV | :’CTLtE(’:tIJtyl?etection : C-FG 5bit Prescaler Control
. i Input Cloc :
write. Sed- . io0:TBC2 10:TBCE
0: VPD. 301. TBC4 11: TBC8
SYNC ! :
1: FEP
| } ]
C-FG frequency divider control
register
(Note) For settings, see Table
3.8(2).

P-CTL duty measurement clock

C-Syn¢ control register select

0 | VPPO/SYNPO side { C-Syncinput Control register ) 00 | TBC2 (23/fc)
Ty | Feposide ( Odd 7even discrimination control register) | | o1 |TBCA (250t
(Note) SeeSYNCDV (address FFCFHin memory) Yo |mece @utg
11 ..... T acs(zgjfc) ....................

selector

Figure 3.8 (4)-3 Servo Input Circuit Related Register
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Servo Input Control Register 2

A I N e e T T o0
SSINCR2 | bit Symbol . TP ! DFMA | PB  CFGMCP
(FFFFH) [ Read/write T mw | mw | mw | R
o ater 0 i 0 ¢ 0 Undefind
Function ETPGO/ SControl of %V-Sync ;(FG
: H : :TPG1Reg. iinput idetector  Malfunction
iControl  :signal for :output  :Fiag

0: TPGO  60/50 field :control  :o: -
A:TPG1  idiscriminat: 0: Enable | ;. .
: ;lon : 1: Disable : i
0: TPGO-1 ¢ : function
[D-FF) detect
H:TPG1-13 :
S (VsSync
(vp)
! 5 z : 5 i embedd:
! : E : i oed) :

— |
C-FG malfunction detect flag
0 —_

| 1 Malfunction

Even ifthe <CFGMCP> is
reset, the datais not cleared.
To clear the data, 1 must be
written to the SVCFREG
<CFGFRS>.

Vertical sync detect output
control register

0 Enable

1 Disable

Control of input signal for 60/50
field discrimination

0 TPGO-1 (D-FF (head
switching) signal)

(V-Sync (VP) embedded)

L TPG1/TPGQdata control

0 | TPGO

1 TPG1

Figure 3.8 (4)-4 Servo Input Circuit Related Registers
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(Note) After <CSYNCF> and <TPGF> are read, they must be reset to "1, (reset)

TOSHIBA TMP91C642A
C-Sync Control Register
7 i 6 i 5 i 4 P 3 2 i 0
CSYNCR |bitSymbol | CSYNCF i TPGF | PCTPO | OEDR ; NPS | CTLDTY | VISSFL | VASSFL
(FFEFH) | Read/Write RAW RW i w R { R i R R i R
Prohibit [ Valueafter o i o i o I o i 0o i 0 o i 0
read- : * ; H H + H
madify- function V-5ync iPseudo V PCTL Odd/Even (60750 1 P-CTL iVisSdetect  IVASS detect
write. Detection :detectflag gSignal idiscrimination discrimination; Duty iFlag iFlag
Flag 1:Embedded :Control  iresult resuit 100 =50% :0:- i0: -
1:V-5ync | :0:Forward :0: Odd 0: 60 i1: Z250% i1:vissdata 1:vAsSdata
: {1:Reverse :1: Even 1: 50 : : :
e
VASS detect flag
0 —
1 | VASSdata
VISS detect flag
0 —
1 | VvIsS data
P-CTL duty discrimination result
b
flag
0 |Duty=50%
1 | Duty=50%
|, 60/50discrimination result flag
-0 [60field
1 |50 field
Odd / even-numbered field
discrimination result flag
0 |Even-numbered field
1 | Odd-numbered field
P-CTL signal control
(Note) When switching the P-CTL —
edge, note that depending on .9 |Forwardlising edge)
the level of the P-CTL input, the 1 | Reverse (falling edge)
number of 1s may not be
counted correctly. VP embedded signal generation
flag
0 —
1 | Embedded (TPG1-13)
VP signal generation flag
0 —
1 |V=5Sync

Figure 3.8 (4)-5 Servo Input Circuit Refated Registers
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Servo Flag Control Register

\ 7 7 6 i 5 1 g 3 2 TP 0
SVCFREG |bitSymbol | VISFRS : VASFRS | TPFRSI . TPFRSO | CFGFRS . DPGFRS | CASFWR i CAFRS
(FFFEH) | Read/Write RAW (Always “0" at read)
Yt atter 0 L 0 ! 0 0 i 0
Function  |VISS  (VASS  iTPG1  TPGO CF  D-PG Software ; Capture
Status  :Status  iFIFD CFIFO Malfunction | Input Capture FIFQ
Flag :Flag i Counter : Counter Flag i Status i Counter
: ; é  Flag 0:- :
0:- 10— :0:- 10 - 0: - 10:- i:Capture : 0: -
1:Clear :1:Clear ;1:Reset ;1:Reset 1: Clear i 1: Clear i 1: Reset
1 J

7 —
See 3.9, VISS / VASS Detector. See 3.11, Capture Circuit.

D-PG input status flag clear

L S TPGOFIFOreset

» TPG1 FIFO reset
qQ J—

1 Reset

(Note) After writing “1" to SVCFREG, setto “0”. If read, “0" is always read.

Figure 3.8 (4)-6 Servo Input Circuit Related Registers
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3.9 VISS/VASS Detector

The VISS / VASS detector enables the control coding method for the VHS system.
The PCTL signal input from the P-CTL input circuit is used. The VISS/ VASS detector
consists of the duty discriminator, code detectdr, and 16-bit data register. :

Figure 3.9 (1) shows the block diagram of the VISS / VASS detector.

PCFSCR<PCTLCK 2, 1>

TBCZ (23/f¢) ~——1
TBC4 {25/c) ——»]
TBC6 (27/c) ——>

TBC8 (29/¢) —>

Selector

¢

Duty discrimination

PCTL Duty discriminator CSYNCR<CTLDTY>
See 3.8.3,P-
CTL Input
Circuit. PCFCR1 <VISS3to 0>
R
VISS/VASS discriminator VISS
(6-bit code detect counter) SF /S CSYNCR<VISSFL>
R
Header detect ‘_____J"L SVCFREG <VISFRS>
$ Q > CSYNCR<VASSFL> .
FIF
L R
D l:_i.l
16-bit data register VASS SVCFREG <VASFRS >
—>1R PCTLD
¢ —) >—————— INTvA

U

Internal data bus

Figure 3.9 (1) Block Diagram of VISS / VASS Detector
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3.9.1 Duty Discriminator

The duty discriminator consists of an up counter, a latch counter used to latch the
upper 9 bits from the 10-bit up counter, a 9-bit comparator used to detect matches
between the lower 9-bit data and the latch data, and the R-S flip / flop used to hold the
match data.

Figure 3.9 (2) is a block diagram of the duty discriminator.

PCFSCR
<PCTLCKZ, 1>
TBC2 {23/f¢) —»
TBC4 {25/f¢) —»
¢ ) Selector CSYNCR
TBCG (27/f¢) — <PCTPO>
TBC8 (29/f¢) —
r J
R
10-bit up counter L> 5 Q DL R
PCTL —{ Sequencer >~ ¢
R —
m 0['1213l4|555|7|819 > s Q b CSYNCR
Detects count <CTLDTY >
ata match at
discrimination,
match
9-hit comparator detect

1/2 shift
1/2-cycle data

1[2]3[4’5|6]7|8|9

—| 4

Figure 3.9 (2) Block Diagram of Duty Discriminator

The duty discriminator measures P-CTL signals input from the P-CTL input circuit
and detects the duty width.

The VISS/VASS standards specify when the P-CTL signal duty is 60 %+ 5 %, pulseis
“0”; when it is 27.5 %+2.5 %, pulse is “1”. The duty discriminator discriminates the
duty using these two ratios.

The duty discriminator discriminates the duty after measuring the P-CTL signal
cycle, by discriminating the 1/2-cycle data of the measured cycle using the data of the
next P-CTL signal cycle measured during high level. The 1/2 data of the P-CTL signal
cycle can be obtained by shifting the measured cycle data 1 bit lower. At this time, the
duty discrimination threshold value is 50%. The 9-bit comparator detects a match
between the 1/2-cycle data of the previous cycle and the measured data and resets the R-
S flip/flop using the detected data. The output data from the R-S flip / flop are sampled

at the falling edge of the P-CTL input signal and the duty discrimination result is
obtained.
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Figure 3.9 (3) is the timing chart for duty discrimination.

27.5 %4
PCTL input
obitup ounter ~7 TN -«— 1/2-¢cydledata
10-bit up counter /
0
SET
R-S flip/flop used ®
to hold match data Samyling

Duty discrimination :
resuit output >’ ! \ 0
Figure 3.9 (3) Duty Discrimination Timing Chart

The duty discrimination result is saved to the duty discrimination flag register,
CSYNCR<CTLDTY>. Referencing this register at the P-CTL edge detect timing
(INTCAP interrupt generation) reads the duty discrimination result. The duty
discrimination result must be read within the P-CTL input signal cycle (NTSC=30 Hz,
PAL=25Hz). ’

The duty discriminator supports a 10-bit up counter which enables the selection of
one of four counter input clocks so that both VCR systems (NTSC and PAL) can be used.
A counter input clock (TBC2, 4, 6, or 8) can be selected by the PCTL C-FG control
register, PCFSCR<PCTLCKZ2,1>. The maximum frequency of the P-CTL input signal
is 9 kHz (300 times standard playback mode) in FF/REW mode for NTSC; the minimum
frequency is 25 Hz in standard playback mode for PAL. The duty discriminator can
discriminate the duty of P-CTL signals input from 19.1 to 25 kHz.

Table 3.9 (1) lists P-CTL input cycles in relation to the duty discriminator input
clocks and multipliers by NTSC and PAL.

Table 3.9 (1)
nput clock PCFSCR Frequency  |Multipliers by NTSC and PAL (time)
<PCTLCKZ,1> |  range (Hz) " NTSC PAL
TBC2 00 1.22k to 25k 41to 834 49 to 1000
TBC4 0 1 305 10 6.25k 10 to 208 12 to 250
TBCG 10 763 10156k | 25t0 52 3to 62
TBC8 1.1 19.1 to 391 0.6to 13 08to 15

(@ fc = 10 MHz)
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3.9.2 VISS/ VASS Discriminator

(N

The VISS/VASS discriminator discriminates the result obtained by the duty
discriminator as VISS or VASS code. It consists of a 6-bit detect counter and a 16-bit
shift register.

An INTVA interrupt generated by the VISS/VASS discriminator is shared with VISS
and VASS. The interrupt is identified by referencing the VISS / VASS detect flag
register, CSYNCR<VISSFL, VASSFL> using the interrupt processing routine.
Writing “1” to SVCFREG < VISFRS, VASFRS > clears CSYNCR< VISSFL, VASSFL>.

Index search code detect (VISS: VHS Index Search System)

The index search code can be obtained when the 6-bit detect counter detects that the
duty detect result is 61 £ 3 consecutive bits set to “17. With TMP91C642A, allowing for
reduction of detect time and prevention of misoperation, the detect count value can be
set to 4 to 60 (must be a multiple of 4) by software using four bits in the VISS
discriminator control register, PCFCR1 < VISS3 to 0> (bits 3 to 0 at address FFF0H in
memory).

The 4-bit count value set in the VISS discriminator control register is compared with
the upper 4 bits in the 6-bit code detect counter. When the data match (index search
code is detected), the VISS detect flag, CSYNCR < VISSFL > (bit 1 at address FFEFH in
memory) is set and an interrupt (INTVA) is generated.

Table 3.9 (2) lists settings of the VISS code detect counts by the VISS discriminator
control register.

Table 3.9(2) Settings of VISS Code Detect

Counts
PCFCR1
<VISS3to 0> VISS code detect count value

3 2 1 0

0 0 0 0 None
0 0 0 1 4
0 0 1 0 8
0 0 1 1 12
0 1 0 0 16
0 1 0 1 20
o 1 1 0 24
0 1 1 1 28
1 0 0 0 32
1 0 0 1 36
1 0 1 0 40
1 0 1 1 44
1 1 0 0 48
1 1 0 1 52
1 1 1 0 56
1 1 1 1 60
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()

Figure 3.9 (4) shows index search code specifications in the VHS system.

Y -«——Tape travel direction
[ofr[ra[1[al Jf{r]1]1]1]0 CTl track
N 2

v

+3 hi
Reference paint 63 £3bits

Figure 3.9 (4) Index Search Code Specifications in VHS System

According to the specifications for the index search code, both ends must be set to “0”
and 61 * 3 consecutive bits in between must be set to “1”; a total of 63 £ 3 bits must be
set.

Address code detect (VASS : VHS Address Search System)

Address code detect consists of header detect and address code detect.

To detect the header, the duty detect result is counted by the 6-bit detect counter. If
the duty detect result starts with “0” followed by @ consecutive bits set to “1”, the header
is detected.

To detect the address code, after acknowledging detection of the header, the 16 bits
following the next “0” in the duty detect result are read into the 16-bit shift register as
the address code. Then the VASS detect flag register, CSYNCR<VASSFL> is set, an
INTVA interrupt is generated to inform the CPU of detection of the address code.

The CPU transfers the address code data in the 16-bit shift register to the RAM using
the interrupt processing routine. One address code has four headers, thus four INTVA
interrupts are generated. The fourth address data are insignificant; therefore, the data
must be disabled by software. (If the same address data are detected at least twice,
program so that the data are used as an address code.)

An INTVA interrupt is generated every 11 bits (header) + 16 bits (address data) =
27 bits. The frequency is 333 Hz in FF / REW mode (X 300 speed) in the fastest system,
NTSC.

Figure 3.9 (5) shows address code specifications.and VASS interrupt generation
points in VHS.
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Header
/\ -————Tape travel direction
Address Address Address CTL track
data data 77 data
a*,/ < v
‘ Read the.. INTVA INTVA Insignififant data

INTVA  address datamto the
RAM during this titne _

.

L (within 1.2ms at x300 ~>~._ INTVA
L speed in NTSC). Tt
’f’l . \‘\__\
L) T 1] T L L 1 i 1 T T T T T T T T T T T T
IR R R R R R R R R R A L A L A R A LS T
N S N S N A T L 2 L N LR N LR
—

T A Ay A % v g
A Header (11 bits) Thousands Hundreds Tens Ones
Reference point

Figure 3.9(5) Address Code Specifications and VASS Interrupt Generation Points in VHS

According to the specifications, write 4-bit BCD 4-digit data three times in between
11-bit headers.
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Data are saved in the 16-bit shift register as shown below:

P-CTL
@ 01112134} ---—---————————-——meccccccmmcnran—a- 1415

Tape travel direction f |

|
Header 16-bitdata

-_

Tape travel direction

16-bit VASS data register PCTLD (address FFF3H in memory)

Register VASS7 VASS6 VASSS VASS4 VASS3 VASS2 VASS1 VASSO
Latch data 7 6 5 4 3 2 1 0

VASSF VASSE | VASSD | VASSC | VASSB | VASSA | VASS9 VASS8
15 14 13 12 11 10 9 8

(Note} To read data from the 16-bit VASS data register, read from address FFF3H twice. Data
read the first time are the values of <VASS0 to VASS7>. Data read the second time are
the values of <VASS8 to VASSF>>, If data are read again, the data read the first time are
read again.

Note that the 16-bit load instruction cannot be used. Writing any data to address FFF3I
specifies <VASS0 t0o VASST>.

Writing to FFF3H

< VASSO to VASS7 > data

f 2nd read ) <VASS58to VASSF > data
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3.9.3 Control Registers
Figures 3.9 (6) show VISS/VASS detect circuit related registers.
P-CTL /C-FG Signal Control Register
7 ¢ 6 i s i a4 i 3 o2 b P
PCFSCR |bitSymbol | DVS [ PCTLCK2 | PCTLCKI | CFGPRA | CFGPR3 | CFGPRZ | CFGPRI © CFGPRO
{FFF2H) | Read/Write wo W w
Prohibit | Value after o ¢ 0 ¢ 0o ¢ & { o i o i o : o
ead- : : ; ' ' :
rr'nodify- Function SYNCDV :PCTL Duty Detection C-FG 5bit Prescaler Control
write, Reg. Input Clock
Select :00: TBCZ 10: TBCH
0:VPD, 01:TBCA 11:TBC8
SYNC !
1:FEP :
[ J | j

l ’~—> See 3.8, Servo Input Circuit.

See 3.10, C-Sync Input
Processing Circuit.

PCTL duty measuring clock

00 {TBC2 (2¥f¢)

11 | TBC8 (29/f¢)

Figure 3.9 (6)-1 VISS/VASS Detect Circuit Related Registers
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C-FG Mask Time / VISS Discrimination Control Register

7 § 6 { s i 4 : 3 i 2 i 1 i 0
pCFCR1 | bitSymbol | CFMSK3 i CFMSKZ | CFMSK1 | CFMSKO | VISS3 | VIss2 [ VISS1 § VissO
(FFFOH) | Read/Write w N w

Prohibit [ value after o { o { o { o i o { o i 0o i o0
read- 0
modify- Function | C-FG Mask Time Control i VISS discrimination control
write. |
See 3.8, Servo Input Circuit. VISS discriminator control register
) (Note) For settings, see Table 3.9 (2).
16-bit VASS Data Register

7 ¢ s | 5 i 4 i 3 i 2 ' 1 i 0
pCTLD |bitSymbol | VASST [ VASS6 1 VASSS | VASSA i VASS3 i VASS2 i VASS1 [ VASSO
{FFF3H) | Read/Write R

Value aftel : : : : : : i
@ | &er 2er o ; o { o ¢ 0o : o { 0 : 0 i ©
function : VASS Data Low Byte

7 { 6 { s i 4 i 3 i 2 i 1 i 0

bitSymbol | VASSF | VASSE | VASSD i VASSC { VASSB [ VASSA | VASS9 | VASSE
Read/Write R
Value after i : : : : : :

@ |t ? o { o { o : 0  ©0 < 0 : 0 : 0
Function VASS Data High Byte

Data read first time: values of <VASS0to VASS7>
Data read second time: values of <VASS8 to VASSF>
Specification after reset: <VAS50 to VASS7>
Writing data to FFF3H specifies <VASS0 to VASS7>.

(Note) The 16-bit load instruction cannot be used.

Figure 3.9 (6)-2 VISS/VASS Detect Circuit Related Registers
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C-Sync Control Register
7 f 6 s b4 oy o5 1y L0
CSYNCR | bitSymbol | CSYNCF : TPGF : PCTPO : OEDR | NPS {CTLDTY | WVISSFL | VASSFL
(FFEFH) |Readiwrite | RW © RW : w | R R | =R R i R
Pohibit |G| 0 o [ o o o o | o |
reag.-f Function V-Sync  PseudoV (i PCTL : Odd/even :60/50 EP-CTL S VISSdetect | VASS detect
modaity- Detection : Detect Flag: Signal : discrimina | discrimina © Duty : Flag : Flag
write. Flag 1t Embedded: Control  tion result | tion result : 0: <50% o: - fo: -
T:V-Syng i O:Forward  © 0: Odd :0: 60 110 Z250% 11 visSdata : 11 VASS data
5 i l:Reverse i 1:Even  1:50 : :
L l ] I I
. VASS detect flag
See 3.8, Servo Input Circuit.
See 3.10, C-Sync Input Processing Circuit. 0 e
1 VASS data
VISS detect flag
4] —_
1 | VISS data
P-CTL duty discrimination result
——
flag
0 |Duty=50%
1 Duty =50 %

Servo Flag Control Register

A - T S S o2 b g P
SVCFREG |bitSymbol | VISFRS @ VASFRS [ TPFRST . TPFRSO | CFGFRS . DPGFRS | CASFWR © CAFRS
(FFFEH) |Read/Write RW (Always "0” at read)
e T
Function  [VISS  VASS  iTPGT  (TPGD | cro [DPG  iSoftware  Capture
Status i Status . FIFO :FIFO i Maltunction : input :Capture  :FIFD
Flag : Flag :Counter : Counter : Flag : Status 100 - : Counter
0: - 00 - U (0. - 10: - : Flag ¢ 1:Capture : 0: -
1. Clear  :1: Clear :1:Reset  :1:Reset :1: Clear (00~ : 15 Reset
: : ! : 1 1: Ciear :
L_
Y

See 3.8, Servao input Circuit.
See 3.11, Capture Circuit.
See 3.12, Timing Pulse Generator.

VASS status flag clear

Q —_—
1 | Clear
i — VISS status flag clear
(Note) After writing "1* to all the bits in SVCFREG, the bits are set to “0”. Therefore, 0 e
when reading, “0" is always read. 1 | Clear
| —

Figure 3.9(6)-3 VISS/VASS Detect Circuit Related Registers
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3.10

C-Sync (Composite Sync) Input Processing Circuit

The C-Sync input processing circuit consists of three functional blocks: a vertical
sync (V-Sync) separator circuit, an odd/even field discriminator, and a 50 / 60 field
discriminator. ‘

0 V-5 V logical-level signals are obtained by amplifying and shaping, using the sense
amp of the external circuit, the composite sync signals of TV and VCR video signals.
These logical-level signals are used as the C-Sync input signal.

The V-Sync separator circuit is used to digitally separate the V-Sync signal from the
C-Sync signal. The separated V-Sync signal is used as the reference signal for the servo
during recording. To ensure stable operation when noise is mixed with the C-Sync
signal in the weak electric field, a noise mask circuit is provided.

The odd/even field discriminator is used to discriminate between the odd and even
fields of the C-Sync input signal, Using the discrimination result, the playback phase
can be matched with the recording phase in units of frames (minimum units to display
motion in TV broadcasting. NTSC uses 30 frames per second to display motion.)

The 60/50 field discriminator is used to measure the ratio of the frequencies of the V-
Sync and H-Sync (horizontal sync) signals and discriminate whether the video signal
type is NTSC or PAL.

Figure 3.10 (1) is a block diagram of the C-Sync input processing circuit.
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TBC1 SYNCDV <VPPO4 to 01> (< DVS> = 0) Writesto —{(® | Readsfrom
(22/fc) CSYNCR<CSYNCF>. FIF CSYNCR
llll <CSYNCF>.
‘ Input 5
¢ L noisE VP
C-Sync V-Syncseparator circuit | c’n?an {To capture circuit)
See 3.8.4, C-Sync SSINCR2 < PB >
Input Circuit. -~
Reledses V-Syn¢|mask. TPG1 - 12 (TPG output)
SYNCDV SYNCDV Writes to
<SYNPO2 to 00> <FEPO2 to 00> [ CSYNCR<TPGF>
{(<DVS> =0) (<DVS>=1) Gdd/even VP ® Q —» Reads from
llL lil I F/F CSYNCR<TPGF>.
R 1S
~| Odd/even field circuit Odd/aven discrimination result CSYNCR
discriminator ~ <OEDR>
V-Sync embedded TPG1-13
(TPGHH )
'("236‘;:? ) Selector | _I_
¢ DFF TPGO -1
Odd/even discriminating clock (TPGH 77)
¢ SSINCR2
60/50 fiéld discriminator <DFMA> 60/50 discrimination result CSYNCR<NPS >

Figure 3.10 (1} Block Diagram of C-Sync Input Processing Circuit
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3.10.1 V-SyncSeparator Circuit

The V-Sync separator circuit is used to digitally separate the V-Sync signal (VP) from
the C-Sync input signal. :

The V-Sync separator circuit consists of a 7-bit up / down counter, a 4-bit C-Sync
frequency divider control register, and a 4-bit comparator.

The 7-bit up / down counter uses TBC 1(22/fc) as the input clock. The counter controls
count direction (up or down) according to the input level of the C-Sync input signal. The
counter is reset when a borrow is generated to the counter in down count mode. The
reset input stops down counting.

The threshold value used to discriminate V-Sync signal is set in 4-bit C-Sync
frequency divider control register, SYNCDV <VPP04 to 01>, (bits 3 to 0 at address
FFCFH in memory, @ PCFSCR<DVS>=0).

The 4-bit comparator generates a discrimination signal when the upper 4-bit count
value of the 7-bit up/down counter exceeds the pre-set value (threshold value) of the 4-bit
C-Sync frequency divider control register during up counting.

The discrimination signal output by the 4-bit comparator is output as VP via the
input noise mask circuit controlled according to the TPG output (TPG1-12). To use VP,
TPG output (TPG1-12) must be set to “17.

VP output by the V-Sync separator circuit is controlled according to the servo input
control register, SSINCR2 <PB>, (bit 1 at address FFFFH in memory). The register is
set to output enable after reset is released.

VP output by the V-Sync separator circuit is used as the input signal for the capture
circuit (see 3.11). Reading the C-Sync control register, CSYNCR<CSYNCEF> (bit 7 at
address FFEFH in memory), detects VP output generation. After the VP generation
flag is read, it must be set to “1”. The separated VP is used as a reference signal for the
servo during recording. ' .

Figure 3.10 (2) is a block diagram and Figure 3.10 (3) is the timing chart of VP
discrimination.
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C -5Syn¢
. Sync_ Reset
crcutt ]

/D Reset l
7-bitup/down counter R
$
.II 2| 3] 4 5 & 7 Writes to Reads from
— CYNCR  __® Qb covner
_]‘ SOYNCF>. ) or | <CSYNCF>.
TBC1 U SSINCR2 >
<PB>
(22/fc)
4-bit I L— J1love
— To capture
comparator Discrimination R A
P signal Q _T_l_/ (CIrCUIt )
(} : —° Odd/even VP
4-bit C-Sync frequency ®£ (T? odd/even field - )
divider control register Reset discriminator circuit
SYNCDV<VPP0O4to 01>
(<DVS>=0)
ﬁ — TPG1-12
internal data bus Releases V-Sync mask. ‘f (TPG output)

Figure 3.10 (2) V-SyncSeparator Circuit

C - Sync —J_] ’_I H H H I_I ﬂ H 5 i

U OWN - e R e - Threshold value
counter i Set by 4-bit C-
value

Sync frequency
divider control
register.

0N AN

{4
output

Figure 3.10 (3) VP Discrimination Timing Chart

Table 3.10 (1) lists settings of C-Sync frequency divider control register and total up
count time until VP output generation.

Table 3.10 (1) VP Qutput Generating Time Setting

SYNCDV VP output SYNCDV VP output
<VPP04to 01> n generatingtime («5) | <VPPO4to 01> n generating time {us)
04 03 02 O @ 10 MHz 04 03 02 07 @ 10 MHz
0 0 0 0 0 - 1 0 0 0 36 14.4
0 0 0 1 8 3.2 1 0 0 1 40 16.0
0 0 1 0 12 4.8 1 0 1 0 44 17.6
0 0 1 1 16 6.4 1 0 1 1 48 19.2
0 1 0 0 20 3.0 1 1 ¢ 0 52 20.8
0 1 0 1 24 9.6 1 1 0 1 56 22.4
0 1 1 0 28 11.2 1 1 1 0 60 24.0
0 1 1 1 32 12.8 1 1 1 1 64 25.6

(Note) VP generating time means the total time of up-counting by the 7-Bit up/down counter
from reset to VP generation. When a reset is generated by down-counting, VP
generating time means the total time of up-counting from the next up-counting.
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3.10.2 Odd/Even Field Discriminator

The odd / even field discriminator is used to discriminate the odd and even fields of C-
Sync input signal. By using the discrimination result, the playback phase can be
matched with the recording phase in units of frames.

The odd/even field discriminator consists of a 3-bit counter used to mask the C-Sync
signal for a fixed time, the mask control register, SYNCDV <SYNPO02 to 00>, ( bits 6 to
4 at address FFCFH in memory, @ <DVS8> =0), and a 3-bit counter used to measure the
fixed time from the V-Sync signal (odd/even VP), and register SYNCDV < FEP02 to 00>
(bits 2 to 0 at address FFCFH in memory, @ <DVS>=1>.

PFigure 3.10 (4) is a block diagram of the odd/even field discriminator.

TBCS ¢ |—» 4

(28/f0) 3-bit up counter 3-bit up counter
C-
E >— »] R C-Sync mask ~{R
Sync —\— signal Odd/even
— discrimination clock [To 6050 fiel
\/ R Q é Q ! | discriminator
Doubler v [_— ircuit
Compar | T L |g R Compar [ D Q |>-0ddieven
ator ator L discrimination
ﬂ R Q ¢ resuit
CSYNCR
T T ~ Odd/even <OEDR>
C-Sync Odd/even VP Odd/even discrimination | S2MPling
C-Sync mask control register VP-Sync sampling control register | P!/
SYNCDV < SYNCPO2 to 002> separator s s
gircuit output SYNCDV < FEP02 to 00>
(<DV5> =0} (<DV§> = 1)

M N

internal data bus

Figure 3.10 (4) Block Diagram of Odd/Even Field Discriminator
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First, the odd / even field discriminator masks the C-Sync input signal for the time
(1/(2fy)-1/fy; fy is H-Sync frequency) set in the C-Sync mask control register,
SYNCDV <SYNPO2 to 00>. Then the discriminator generates an odd/even
discriminating clock divided by 2.

To discriminate between odd and even fields, detects the signal level of the odd / even
discriminating clock after the time set in the odd / even discrimination sampling control
register, SYNCDV <FEP02 to 00>, elapses, starting from when VP falls (release of
reset of 2-frequency divider).

The result of odd/even discrimination is confirmed by reading the C-Sync control
register, CSYNCR<OEDR> (bit 4 at address FFEFH in memory).

Figure 3.10 (5) is the timing chart of odd/even field discrimination.

Table 3.10 (2) lists settings of the C-Sync mask control register and mask times.
Table 3.10 (3) is the sample timing according to the odd/even discrimination sampling
control register,

etsin —3-0dd field

; <SYNPO2 10 00> © V-Sync pulse
When even fieid: ——

C-Sync (Odd)

e e ininizininininizinininin]
Odd / even T S T T I I O O O R

discriminating clock Reset sampling
(C-Sync mask: doubler)

When odd field:
C-Sync (Even)

C-Sync mask signal

0dd/even B T VA Y B I A R

discriminating clock

Reset,
{C-Sync mask: doubier)
Odd/even VP l :
B
Odd / even Setsin <FEPQ2toQ00>. I)

discrimination
sampling pulse

Figure 3.10 (5) Timing Chart of Even/ Odd Field Discrimination
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Table 3.10 (2} Setting of C-Sync Mask Control Register and Mask Time

csrozioses| n | Maskime G
02 01 00 z
0 0 0] o -

o o0 .1 1 6.4

o 1 0| 2 12.8

o 1 1| 3 19.2 -

1 0 0| 4 5.6

1 0 1] 5 32.0

1 1 0| 6 38.4
11 1t 7 448

Mask Time =TBC5 xn (s)

Table 3.10 (3) Setting of Odd /Even Sampling Control Register and Odd / Even
Discriminating Clock Sample Timing After Odd / Even VP Fall

SYNCDV Sample timing

<FEPQ2 10 00> n {us)

02 01 00 @10 MHz
0o 0 o 0 -

o 0 1 1 6.4

0 1 0 2 12.8

0 1 1 3 19.2

1 0 0 4 25.6

1 0 1 5 32.0

1 1 0 6 38.4
1 1 1 7 44.8

Sample Time =TBC5xn (s)
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3.10.3 60/50 Field Discriminator (NTSC/PAL discrimination)

The 60 / 50 field discriminator is used for recording/playback of different types of
video signals (NTSC and PAL) using one VCR. Detecting the result of 60 / 50 field
discrimination switches the system operating mode.

To discriminate between 60 and 50 fields, the discriminator counts the number of H-

Sync signals within a V-Sync cycle.

Figure 3.10 (6) is a block diagram of the 60/50 field discriminator.

Odd/aven 8-bit up counter
discriminating ¢lock ¢

Writes to

Odd/even field
discriminator output

Pattern
detector

R f
CSYNCR —{® Q—> Cgéﬁ,‘cé"m
<TPGF>. F/F <TPGF>.
S
> VP (Tocapture circuit)
- TPG1-13
bt V-Sync VP
o embedded
W
o JL [Delay] TPGO - 1
\_d (D ~FF)

L SSINCR2

<DFMA>

60/50

————N| field
/] discrimi-

nator

— 60/50 field discrimination flag
CSYNCR<NPS>

Figure 3.10 (6) Block Diagram of 60/50 Field Discriminator
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The 60 / 50 field discriminator consists of an 8-bit up counter, a pattern detector, and
a 60/ 50 discriminator. '

An odd / even discriminating clock generated by the odd / even field discriminator is
input to the 8-bit up counter. The counter value is reset by either the reset signal of
TPGO-1 (D-FF) or TPG1-13 (VP embedded), using the servo input control register,
SSINCR2<DFMA > (bit 2 at address FFFFH in memory). When discriminating
between 60 and 50 fields, one counter reset is needed for cne V-Sync cycle.

The pattern detector is used to detect and output the number of H-Sync signals per V-
Syne cycle counted by the 8-bit up counter.

The 60/50 field discriminator detects the oufput detected by the pattern detector and
sets the result in the C-Sync control register, CSYNCR <NPS> (bit 3 at address FFEFH
in memory). If the quality of the C-Sync input signal is poor, output by the 60 / 50
discriminator may not be stable. In such a case, make sure that the state of 60 / 50
discriminator output is stable by software before processing.

Table 3.10 (4) lists V-Sync and H-Sync frequencies and H / V-Sync frequency ratios in
NTSC and PAL.

Table 3.10 (4) V-Sync/H-Sync Frequencies and Their Ratios

V-Syn¢ H-5ync HAV-Svne
frequency frequency ire uency ratio
(Hz) (H2) quendy
60 field type
(NTSC) 59.94. 15.734 k 262.5
50 field type
(PAL) 50.00 15.625 k 312.5

The threshold value of 60/ 50 field discrimination is within the frequency ratio range
of 262.5 to 312.5 listed in Table 3.10 (4).

If the quality of the C-Sync input signal is poor, instead of a V-Sync signal the 60 /50
discriminator can use the embedded VP during recording and the D-FF (video head
switching) signal during playback.

When the embedded VP is used, VP is generated and "1" is set in the embedded VP
flag, CSYNCR<TPGF>. Reading the flag detects generation of the embedded VP.
However, after the embedded VP flag is read, “1” must be set in the flag.
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3.10.4 Control Registers
Figure 3.10 (7) shows C-Sync input circuit related registers.
P-CTL/C-FG Signal Control Register
7 6 5 . a4 i3 2 i 1
PCFSCR bit Symbal DVvS PCTLCK2 PCTLCKI CFGPR4 CFGPR3 | CFGPR2 : CFGPRI CFGPRO
(FFF2H) Read/Write W W W
| Prohibit | Ve after 0 o i o 0 i 0 i o0 i 0 i o0
read- Function  |syncov | PCTL Duty Detection input C-FG Sbit Prescaler Control
modify- Reg.Select | Clock
. 00: TBC2 10: TBCE
write. 0:VPD.SYNC lor. teca 110 Tecs
1: FEP
l L
' C-Sync control register select See 3.8, Servo Input Circuit.
0| VPPO/SYNPO side (C-Sync input control register)
t | FEPOside (odd/even discrimination controi register)
(Note) See SYNCDV (address FFCFH in memory).
<DVS$> =0 C-Sync Input Control Register
7 . 6 . s i o4 i3 12 1 Coo0
SYNCDV | bit Symbol ¢ SYNPOZ : SYNPG1 : SYNPOO . VPPO4 | VPPO3 | VPPO2 VPPO1
(FFCFH) Read/MWrite w W
N Yalue after o o i 0o ¢ o0 . 0 i 0 0
Prta;\ll'-ﬂ't Function C-Sync mask control C-Sync frequency divider control
read- -
modify- | | J
write. . o .
C-Sync mask control register 4-bit C-Sync frequency divider control register
(Note) Forsettings, see Table (Note) Forsettings, see Table 3.10 (1).
3.10(2).
<DV5> =t Odd/Even Discrimination Sampling Control Register
7 ¢ 6 i s i a4 i3 120 14 0
SYNCDV | bit Symbol i FEPQ2 FEPOY FEPOO
(FFCFH) [ Readnwrite W
N \rleileuteafter 0 0 : 0
Prohibit Function : Even/Qdd judgement
read- :
madify- I |
write. ¥

Odd/ even discrimination sampling
control register.
{Note) For settings, see Table 3.10(3).

(Note) To write data to a C-Sync control register, select the register using the C-Sync
control register sefect bit, PCFSCR<DVS>. After reset, <DVS> =0 and the C-
Syncinput control register is selected.

Figure 3.10 (7) C-SyncInput Circuit Related Registers
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C-Sync Control Register
7 6 5 ¢ 4 03 2 vz 0
CSYNCR bit Symbol CSYNCF TPGF PCTPO QEDR NPS CTLOTY VISSFL VASSFL
(FFEFH)  lReadwrite | RW RIW w { R R | R R § R
Value after : : :
reset 0 4 0 ‘ 0 : 0 0 : ¢ : ] : 0
Prohibit 4 : : R R : : :
Function V-Sync i Pseudo V { PCTLSignal } discri?r‘:ﬁugti 60/50 field D P-CTLOuUty :VISSdetect VASS detect
read_‘ Detection ideted flag Control on result fdiscriminationi 1 (50% éﬂag Hlag
modify- Flag i 1:Embedded : 0: Forward : 0:Even resuit P50 % 0 - D -
write. 1:V-5ync i 1:Reverse  :1:0dd :0: 60 il:vissdata  11: VASS data
; : s : ;
L__l___/ I I
See 3.9 VISS / VASS detector.
y

See 3.8 Servo Input Circuit

L » 60/50discrimination result flag

9
1

60 field

50 field

" Odd / even-numbered field
discrimination result flag

0] Even-numbered field
1| Odd-numberd field

> VP émbedded signal generation
flag
0 - s
1| Embedded (1PG1-13)

VP signal generation flag

9
1

(Note) After <CSYNCF> and <TPGF> are read, they must be reset to *1“. (reset)

Figure 3.10(7)-2 C-Sync Input Circuit Related Registers

MCU90-96

B 9097249 0O433L3 764




TOSHIBA TMP91C642A

Servo Input Cantrol Register 2

7. 6 o5 i a4 i3 b g 1 0
bit Symbol TP . DFMA | PB | CFGMCP
SSINCR2 . : : : ; : E Z
Read/Write : ; : : R/W : RW W R
(FFFFH) : : 5 i : : :
value after : : ; 0 0 ¢ 0 Undefined
Function : : i TpGOMPGY (Controlof oy o icrg
: : : : Jinputsignal @ :
: : Reg. Control ifor60/50  : detector i Malfunction
- field : :
EO'TPGO rdiscnimination! output : Flag
: L TRG)Y 10: TPGO-1 : control (0 -
: LDFR g S1:Mal
1 TPG1A3 EO.EnabIe 5 1:Mal
: {V-Sync(vr @ 1:Disable 1 function
embedded)i : detect

See 3 8, Servo Input

See 3.12, Timing Pulse Generator Circuit.

—— V-Sync detector output
control register

0| Enable

1| Disable

— Control of inputsignal for
60 /50 field discrimination

TPGO-1

0| (D-FF (video head

switching) signal)

TPG1-13
(V-Sync (VP) embedded)

Figure 3.10(7)-3 C-Sync Input Circuit Related Registers
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3.1 Capture Circuit

The capture circuit latches the contents (time data) of TBC1 to TBC18 and capture
input status (input signal data) to a RAM using a 24-bit 8-step FIFO, using edge detect
timing (see 3.8, Servo Input) for external input pulses from the servos.

The capture circuit latches data according to an input signal and generates an
INTCAP interrupt (shared with TPG) to the CPU.

Using the capture circuit facilitates high precision time measuring necessary for
servo control.

Figure 3.11 (1) is the block diagram of the capture circuit.

— EXT in {EXT input)
— VP (C-Syncinput)
—— PCTL (P-CTL input)

— CFG (C-FG input)
— DPG (D-PG input)
TBC1to TBC18 JL — DFG (D-FG input
SVCFREG < CAFRS > IERRES (D-FGinput)
INTCAP .
TPFIFO ARIAIATAE N
(2%
arcuit n Y Y Y
capture R [«—* R 24-bit 8-step FIFO capture register
FIFO : :
iz | = i
CAPFST '
| CAPREG1 |  CAPREG2  ¢|to'"

U CAPREGOD

Internal data bus

Figure 3.11(1) Capture Circuit Block Diagram
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3.11.1 Operation

M

(2)

(3)

Capture

The capture circuit has the following six input sources: CAPO (D-FG), CAP1 (D-P@),
CAP2 (C-FG), CAP3 (P-CTL), EXT external input signal, and V-Sync (VP) signal
separated from C-Sync signal. At the input signal edge, the capture circuit latches to
the 3 bytes at addresses FFFAH to FFFCH (see 3.8, Servo Input Circuit) a total of 24
bits: 18-bit time base counter (TBC1 to TBC18) value and 6-bit input signal data.
Setting servo flag control register SVCFREG (address FFFEH in memory)
<CASFWR> to “1” performs latching. (Software capture saves the captured data as
capture input status data for EXT input.)

These 24-bit data can be obtained by reading data from addresses FFFAH, FFFBH,
then FFFCH in this order. *

Capture FIFO status register

The capture circuit uses a FIFO to enable the first-latched time data to be read first.
The capture FIFO status register, CAPFST, (address FFFDH in memory) indicates the
internal status of the FIFO. The bit in the register corresponding to where 8-step FIFO
data are stored is set to “1”. If 8-step FIFO data are full, capture according to input
signals are disabled. At this time, the capture FIFO status register indicates “FFH”.

When the FIFO status register is “00H”, reading the capture data reads “FFH”. To
read capture data, perform read when The FIFO status register is other than “0” or after
an INTCAP interrupt is generated.

CAP reset

The capture circuit has a software reset as well as a system reset,

Writing “1” to servo flag control register SVCFREG <CAFRS> (bit 0 at address
FFFEH in memory) resets the following circuits:

@ FIFO address counter

@ FIFO status

MCU90-99
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(4)

(5)

Capture interrupt

An INTCAP interrupt is generated by latching at the input signal edge. INTCAP
interrupts are generated until the FIFO status becomes “0” (no data).
When an INTCAP interrupt is generated, check the interrupt source by reading the
capture input status register, CAPREG2 (bits 7 to 2 at address FFFCH in memory).
B

Process interrupts using the interrupt processing according to the status of the
capture input. '

To clear the INTCAP interrupt, either read data from CAPFST until no data are left
or write “1” to <CAFRS>.

Data processing

The upper 6 bits of the 24-bit data at addresses FFFAH to FFFCH are latched
according to an input signal representing the capture input status. The bit
corresponding to the input signal is set to “1”, therefore referencing the bit identifies the
input signal.

The CPU saves the latched data to internal RAM. When the CPU detects the input
signal next time, it can measure the rotation speed of the capstan motor or drum motor
by subtracting the previous data in RAM from the last latched data. The detect
precision is 200 ns (@ fc=10 MHz) and quantization error is extremely low.
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3.11.2 Control Registers
Figure 3.11 (2) shows the capture circut related register.
Capture FIFQ Status Register
70 6 1 5 1 a3 i 3 R B )
CAPFST | bit Symbol CAPF7 © CAPF6 | CAPF5 @ CAPF4 | CAPF3 © CAPF2 | CAPF1 : CAPFO
(FFFDH) 1Read/Write R
Value after : : : : : :
reset 0 : 0 : 0 : 0 : 0 : 0 : 0 : 0
Function 0: Nodata 1: Data
L I J
Capture FIFO status
Capture Data 0 Register
7 6 s 4 13 1 P P
CAPREGO |bitSymbol | CAPD7 | CAPDE : CAPDS | CAPDA : CAPD3 | CAPD2 ¢ CAPD1 : CAPDO
(FFFAH) | Read/Write R
Value after Undefined
Function Capture Data Low Byte
L 7 J
Lower 8-bit capture data
Capture Data 1 Register
7o 6 . 5 i a4 i3 i 2 1 q 0
CAPREGT |bitSymbol | CAPD15 | CAPD14 | CAPDI3 : CAPDI2 © CAPDI1 : CAPDIO ! CAPD9 : CAPDSB
(FFFBH) | Read/Write R
Value after Undefined
Function Capture Data Middlie Byte
L J

}

Middle 8-bit capture data

Capture Data 2 Register

7 ¢ 6 1 s i a4 i3 i o Poo
CAPREG2 | bitSymbol EXT ¢ PLTL ! D-PG | CSYNC | CFG { D-FG ! CAPD17  CAPD16
(FFFCH) [ Read/Write R R
yeithe after Undefined Undefined
Function Capture Input Status Capture Data High Byte
! } I * J
Capture input status Upper 2-bit capture data

{Note) Toread 3-byte capture data, read CAPREG?2 last.

Figure 3.11(2)-1 Capture Related Register
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Servo Flag Control Register

7 ¢ 6 < s 4 i 3 {2 | 1 i o0
SVCFREG |bitSymbol | VISFRS  VASFRS i TPFRS1 : TPFRSO : CFGFRS @ DPGFRS CASFWR | CAFRS
(FFFEH) | Read/Write RV (Always “0" at read)

Value after : : : : : :
reset 0 : 0 : 0 { 0 : 0 : 0 .0 : 0
Function VISS i VASS i TPG1 S TPGO i CFG :D-PG Software : Capture
Status : Status : FIFO :FIFO { Malfunction : Input Capture :FIF0
Flag ! Flag :Counter :Counter :Flag : Status 0: - : Counter
0 - (0 - 10 - 100 - (0 - : Flag 1: Capture :0: -
1: Clear :1: Clear ;1: Reset i1: Reset i1: Clear (00 - :1: Reset
: : : ; i1: Clear :
— |
‘Capture FIFC reset
0 —_—
1 Reset
Software capture signal
0 —
1 | Sofrware capture write
Software capture saves the
captured data as capture
input status data for EXT
input. -
L, D-PGinputstatus flag clear
0 —
1 Clear
————C-FG malfunction flag clear
0 —_
1 |Ciear
>TPGO FIFO reset
0 —_—
1 Reset
»TPG1 FIFO reset
0 —
1 Reset
[
VIS5 status flag clear VASS status flag clear
0 — Q —
1 |Clear 1 | Clear

(Note)  After writing "1" to ali the bits in SVCFREG, the bits are set to 0. Therefore, when reading
data, “0" is always read. -

Figure 3.11(2)-2 Capture Related Registers
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3.12

Timing Pulse Generator (TPG)

The following timing pulses are required for controlling VCR mechanisms.

® Rotating head switch signals (image head switch signal: D-FF and Hi-Fi head
switch signal: A-FF (audio flip / flop))

® Pseudo vertical sync signal (pseudo V)

® Control recording signal

® Capstan motor on/off, positive direction control

Timing pulses are classified into signals synchronized with the servo reference signal
(TBC) and signals synchronized with the D-PG signal indicating the phase of the
rotating head.

The TMP91C642A combines a two-channel timing pulse generation circuit with a 32-
bit 8-step FIFO to control signals and mechanical components and to facilitate
generation of two types of asynchronous timing pulses.

The timing pulse generator (TPG) generates a 16-bit timing pulse synchronized with
the time base counter (TBC) at a precision of 400 ns (@fc=10 MHz). The upper 16 bits of
the internal 32-bit FIFO, TPCODARI and TPCODARG (TPC1DAR1 and TPC1DARO) are
compared with 16-bit TBC2 to TBC17 data by the comparator. When a match is
detected, the lower 16 bits of the 32-bit FIFO, TPOODAR1 and TPOODARO (TPO1DAR1
and TPO1DARO) are latched. The latched data are generated as internal control signals
(TPGO-12 to 15 and TPG1-12 to 15) or external data (TPG0-0 to 11 and TPG1-0 to 11)
output directly from the port. The signal output directly from the port is OR-ed with the
data registers of ports 0, 1, and 2. When outputting the contents of the TPG data
register to the ports, set the control register of the ports to be used to output mode and
write "0" to the data registers of the OR-ed ports. When ports 0, 1, and 2 are shared by
TPG output and general-purpose port output, always write “0” to the output data
register of the port used for TPG.

TPGO is a circuit used to generate a pulse in sync with the D-PG signal. To
synchronize the pulse with the D-PG signal, the capture circuit must be used and
software must be used for processing. Eight bits <TPO07 to 30> out of the 16-bit TPGO
output buffer latch data can be directly output to port 0 as TPGO-7 to 0. <TPOOF> can
control, as internal signal TPGO0-15, the tri-state of P0. Four bits <TPOOB to 08> can
be directly output to port 1 as TPGO-11 to 8 by switching TPG1 output. (<TPOOE> can
control as internal signal TPG0-14 the 3-state of P10. <TPOOD> of the remaining 2
bits can generate, as internal signal TPG0-13, the INTTB signal (also used as TBC
interrupt). (Write “0” in <TPOOC>. Internal signal TPG0-12 cannot be used.)

TPG1 is a circuit which generates a pulse synchronized with the reference signal
(TBC output). Eight bits <TPO17 to 10> out of the 16-bit TPG1 output buffer latch
data can be directly output to port 2 as TPG1-7 to 0. <TPO1F> can control, as internal
signal TPG1-15, the 3-state of P20. Four bits <TPO1B to 18> can be directly output to
port 1 as TPG1-11 to 8 by switching TPGO output.
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<TPO1E> can control, as internal signal TPG1-14 ,the 3-state of P10. <TPO1C> of
the remaining 2 bits, as internal signal TPG1-12, is used as the mask function release
signal for the V-Sync signal. <TPO1D> of the remaining 2 bits, as internal signal
TPG1-13, is used as the V-Sync embedded signal (sync correction signal at special
playback).

When using an INTTB interrupt (TPGO0-13) for the TPG, do not share the interrupt
with the TBC. (Note that if the INTTB interrupt is shared with the TBC, interrupt

timing may be incorrect.)
Figure 3.12 (1) is the block diagram of the timing pulse generating circuit.

Internal data bus

U : Counter reset ﬁ

11 I
TPGO 32-bit, 8-step FIFO R Je—1 FIFO R | SVCFREG
<TPFRSO>
> status
. . P TPGREGO
TPCODAR] | TPCODARD | TPOODAR1 : TPOODARQ :
TPGREGO
<EMPINTO >

16 16
bits bits

TPFIFQ

16-bit TPGO output
ff INTCAP
comparator Match buffer
VAN detect Capture circuit
TPGO-0to 7, TPGO~ 15 > Port0
Selector
q-l | TPGO - 12
Write to _
SSINCR2 TPGO-13
<TP>.
TBC2 1o TBC17 |—> Selector | TPGO-8to 11, TPGD- 14/TPG1-8to 11, TFGl-14> Port 1
Write to TPG1 - 13 Embedded (VP)
PICR TPG1-12
——————— V-
<TPGTM>. Sync mask release
TPG1-0to7, TPG1—15 > Port2
NS Match
16-bit detect TPG1 output
comparator buffer
15 ‘/15\ B i TPGREG 1
bits bits <EMPINT1>
TPCIDAR1 : TPCI1DARQ ! TPO1DART : TPO1DARD 4 (J = ML SVCFREG
- » status <TPFRS1>
TPG1 32-bit, 8-step FIFO R TPGREG1
[ 1

ﬂ Counter reset U

Internal data bus

Figure 3.12 (1) Timing Pulse Generating Circuit Block Diagram
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Table 3.12 (1) below shows TPG outputs and port connections, and port functions.
Table 3.12 (1) TPG Outputs and Ports

TPG No. Cutput port/function TPG No. Output port/ function
TPGO- O POO (PV/PH)Y |TPG1- © P20 {REC CTL)

1 PO (D-FF) 1 P21

2 P02 2 P22

3 P03 3 P23

Port0 Port 2

4 PO4 4 P24

5 POS 5 p25

6 PO6 6 P26

7 PO7 7 P27

8 P10 8 P10

9 P11 9 P11

Port 1 Port1
10 P12 10 P12
11 P13 11 P13
12 12 V-Sync mask release
- C-Sync

13 TBC INTTB interrupt 13 V-Sync (VP) embedded
14 Port 1 P10 (3-state control signal) 14 Port 1 P10 (3-state control signal}
15 Port 0 POO (3-state contro! signal) 15 Port 2 P20 (3-state control signal)
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3.12.1 Operation

(1

)

(3)

Data Register

TPG Supports a 32-bit 8-step FIFO consisting of 16-bit output data register
TPOODARO / TPOODARI (addresses FFF4H and FFF5H in memory) and a 16-bit
comparator data register TPCODARO/TPCODARI1 (addresses FFF6H and FFF7H in
memory). Data registers TPGO and TPG1 are set to the same address. To switch
between TPG0 and TPG1, servo signal control register SSINCR2 <TP > (bit 3 at FFFFH
in memory) is used.*

When the comparator register value and the TBC2 to TBC17 value match, the value
in the output data register is output. If there is no indication of the next TPG output
data (output data and capture data) to the FIFO, the CPU needs to specify the next TPG
data to the FIFO. When the TPG comparate data which is the time until the next TPG
data is output is smaller than the value set by the CPU, the TPG data is not output at
the specified timing because the TBC value is greater than that of the comparate data
register. The specified TPG data is output at the timing of TBC after competing one
cycle. Consequently, the TPG data must be specified as if the timing data (comparate
register value) becomes longer than the CPU processing time. '

(Note) * When SSINCR2<TP> is set to “0”, TPGO channel data are written; when set
to “17, TPG1 channel data are written. Immediately after reset, <TP>=0 and
TPGO is selected.

Writing data to address FFF7H increments the FIFO address. Therefore, write data
in the following order: FFF4H, FF¥F5H, FFF6H, and FFF7TH.

FIFO

TPG has an 8-step FIFO for TPGO and TPG1.

The interrupt signal is not generated immediately after reset or software TPG reset.
After data are written to the data register, the FIFO is incremented, the contents of the
output data register are output, the FIFO is empty, and an INTCAP interrupt is
generated. The INTCAP interrupt is shared with the capture circuit.

Reading TPG status register TPGREG0,1 <TPEMP0,1> using the INTCAP
interrupt processing identifies the interrupt source. The interrupt request flip / flop can
be cleared by writing data to the TPG FIFO.

FIFO status

I'IFO status registers TPGREGO <TPFO02 to 00> and TPGREG1 <TPF12 to 10>
shows the status of the FIFOs. They can reference 3-bit status flag and full / empty
signal in the FIFOs. Setting TPGREGO, 1 <EMPINTO, 1> controls an INTCAP
interrupt when an empty signal is generated. '

MCU90-106
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(4) TPreset

Servo flag control register SVCFREG <TPFRS1,0> (bits 4 and 5 at FFFEH in
memory) is used to reset the TPG. Writing “1” to this register resets the following TPG1
and TPGO circuits.

@  FIFO address counter
@  FIFO status
®  Empty interrupt flag

(Note) The 16-bit TPG output buffer is not reset. Thus, the value before the TP reset is
maintained. All bits are cleared to “0” only by system reset.

MCU90-107
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3.12.2 Control Registers

Figure 3.12 (2) shows the TPG related register.
TPGO Status Register

7 ¢ 6 15 P o4 i3 b2 i fooo
TPGREGD ] kit Symbol EMPINTO TPFULD TPEMPO TPFO2 TPFO1 TPFOQ
(FFF8H) | Read/Write : w ¢ R i R i R
Prohibit | Value after f 0 ¢ 0 i 1 i @ i o i o
read- : ? : . : : : *
modify- Function : {TPGO :TPGO 1TPGO : TPGO FIFO Status Flag.
write. : Data :DataFull :Data 1000 emptyfull 100 4dataitems
: :Empty :Flag : Empty 1001 1dataitem 101 S'dataitems
tInterrupt : Flag 1010 2dataitems 110 6dataitems
iControl : 1011 3dataitems 111 7 dataitems
iReg. : : i When <TPEMPO > is “1" and 000,
:0: Disable ; 0: - 10:- tempty.
i 1: Enable :1: Full {1 Empty : When <TPFULO> is "1" and 000,
: i i Hull.
J l . J

TPGO FIFO status
000 { Empty/full 100 | 4dataitems

011 |3dataitems | 111 | 7dataitems

When <TPEMPO> is "1” and 000, empty.
When <TPFULO> is “1” and 000, full.

L TPGO data empty flag
1] —_—
1 Empty

0 —_—
1 ...... F u” .................................
. TPGO data empty interrupt
controt
0 | Disable
1 ...... Enab|e ............................

For TPGO reset, see Figure 3.8 (4)-6, Servo Input Circuit Related Register.

Figure 3.12 (2)-1 TPG Related Registers
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TPG1 Status Register

7 6 5 4 3 2 1 0
TPGREG] | bit Symbol L EMPINTT | TPFULI © TPEMP1 | TPF12 | TPF11 | TPFIO
(FFF9H) | Read/write Sw ¢ R P R R
Prohibit | Value after T
read- - : : : : g X :
modify- Function : i TPG1 S TPG1 {TPG1 : TPG1 FIFO Status Flag.
write. : : Data :DataFull : Data :000 empty/full 100 4 data items
: : Empty : Flag ; Empty 001 1dataitem 101 5dataitems
tInterrupt ! ‘Flag 1010 2dataitems 110 6dataitems
:Control  : H 1011 3dataitems 111 7dataitems
: Reg. ; i *When <TPEMP1> is "1" and 000,
:0: Disable :0: - 100 - i empty. .
1: Enable 1: Full 1:Empty  :when <TPFUL1> is “1"” and 000,
: : : :full.
| (I J

TPGOFIFQO status

000 | EmptyHull 100 | 4dataitems

011 |3dataitems | 111 | 7 dataitems

When <TPEMP1> is “1” and 000, empty.
When <TPFUL1 > is “1"” and 000, full.

L TPG1 data empty flag

TPG1 data empty interrupt

control
0 Disable
1 £nable

For TPG1 reset, see Figure 3.8 (4)-6, Servo Input Circuit Related Register.

Figure 3.12 (2)-2 TPG Related Registers
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TPGO output data register / comparate data register

@ When Servo flag control register SSINCR2<TP> (bit 3 at FFFFH in memory) is set to
”0":

TPGO Output Data Register (lower 8 bits)
7 6 5 a 3 2 1 0
TPOODARQ |bitSymbel | TPOO7 i TPOO6 : TPOOS : TPOD4 : TPOO2 | TPOOI : TPOO : TPOOD

(FFFAH) | Read/Write w
Prohibit Yeaslgte after Undefined
read-
modify- Function TPGO-0 to TPGO-7 cutput data register
write.

TPGO Qutput Data Register (upper 8 bits)

7 ¢ 6 i s i a4 i o3 i o2 i3 i g
TPOODAR] | bit Symbot TPOOF : TPOOE | TPOOD { TPOOC | TPOOB | TPOOA @ TPOO3 : TPOOS
(FFFSH) | Read/Write w
Proguibit Value after Undefined
reag-
modify- Function TPGO-8 to TPGO-15 output data register
write.

TPGO Comparate Data Register (lower 8 bits)
7 ¢+ 6 i s i 4 i 3 & 2 i 1 i 9
TPCODARD | bit Symbol TPCO7 : TPCOG [ TPCOS | TPCO4 { TPCO3  TPCOZ i TPCO1 | TPCOO

(FFF6H) | Read/Write w
Prohibit | Value after Undefined
read-
madify- Function TPGO-0 to TPGO-7 comparate data register
write.

TPGO Comparate Data Register (upper 8 bits)
7 ¢ 6 L s i 4 i o3 o2 i1 i
TPCODAR1 [ DitSymbol TPCOF : TPCOE | TPCOD : TPCOC | TPCOB | TPCOA | TPCO9 | TPCOS

(FFF7H) | Read/Write w
Prohibit a\'leasleute atter Undefined
read-
modify- Function TPGO-8 to TPGO-15 comparate data register
write.

R sk R SR A R R R R
or selection of TPGO or TPG1, see Figure 3.8 (4)-4, Servo Input Circuit
Related Register.

Figure 3.12 (2)-3 TPG Related Registers
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TPG1 output data register / comparate data register

@ When Servo flag control register SSINCR2Z<TP> (bit 3 at FFFFH in memaory) is set to

II1H':

TPG1 Output Data Register {lower 8 hits)

76 i s foa o3 12 4 oq 1 og
TPO1DARD |bitSymbol TPO17 | TPO16 @ TPOIS { TPOI4 : TPOI3 | TPOIZ : TPO1 i TPO10
(FFF4H) | Readswrite w
Prohibit Value after Undefined
:::g;fy Function TPG1-0 10 TPG1-7 output data register
write.

TPG1 Output Data Register (upper 8 bits)

7 0 6 i s 4 b3 P20 i f0
TPO1DAR1 |bitSymbol | TPOTF = TPOIE : TPOID | TPOIC : TPO1B : TPO1A ; TPOI3 : TPOIS
(FFFSH) | Read/write w
Prohibit | Value after Undefined
::Zgi-fy- Function TPG1-8 to TPG1-15 output data register
write.
TPG1 Comparate Data Register (lower 8 bits)
7 ¢ 6 i 05 i a4 i3 i o2 i1 1 o
TPCIDARD | bit Symbol TPC17 | TPC1B © TPCIS  TPCI4  TPCI3 ! TPCI2 [ TPCI1 i TPCIO
(FFF6H) | Read/Write w
Prohibit | Valueafter Undefined
Ir.:\!zgi-fy— Function TPG1-01to TPG1-7 comparate data register
write.

TPG1 Comparate Data Register {upper 8 bits)

7 i 06 i o5 14 i3 P2 io4 i g
TPC1DAR1 | bitSymbol TPCIF © TPCIE [ TPCID | TPCIC | TPCIB : TPCIA ; TPC19 © TPC1B
(FFF7H) | Read/Write w
Prohibit | Value after Undefined
:zg;fy“ Function TPG1-8 to TPG1-15 comparate data register
write.

For selection of TPGO or TPG1, see
Related Register.

1gure 3.8-)(4)-4, Servo Input Circuit

Figure 3.12 (2)-4 TPG Related Registers
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3.13 PWM Circuit

TMP91C642A incorporates three channels of pulse width modulation (PWM) output
circuits. Two channels consist of 12 bits; one channel consists of 8 bits. Connecting a low
pass filter externally obtains D/A conversion output and facilitates motor control.

3.13.1 12-bit PWM Circuits (PWQ, PW1)

12-bit PWM circuits (PW0 and PW1) are configured for use in controlling the drum
and capstan motors. PWO0 and PW1 both have a dedicated open-drain output pin for

independent operation.

(1) Configuration

12-bit PWM circuits consist of a 12-bit PWM data register, PWM fundamental wave
generator, and 1-bit weight circuit. Start and stop of PWM is controlled by timer control

register TRUM < RUNPW1,0>.

7-bit data latch for PWM fundamental wave, 7-bit comparator, and output flip / flop.
1-bit weight circuit consists of a 5-bit data latch for weight, size comparator, and 1-bit

weight pulse circuit.
Figure 3.13 (1) is a block diagram of PWO/PW1.

T8C12t0 TBCB TBC1to TBC7

ALL*0" PWM
fundamental wave PWG
12{11 109 ls 1]2]3]a]s]s |7 Output ng
B FIF
Size coerarator — 7-bit comparator %ffé%-*‘ &
of1]2]2]a4 s|ef[7]8]9[Aa]s
o[ ]2 [3]a 567 ]6]9 A8
S-bitdata latch for ¢ [*—%>|¢  7-bit data latch for PWM
weight fundamental wave
TT A “A<B" mi
o[1]12]3]as]e]J7]s]s[a]s]| |
12-bit PWM data register bt TRUN<RUNPWQ, 1>
PWMDRO : : PWMDRO0B .
PWMDR1 : __PWMBDR1B weight pulse

l/\l '/\I 0.2 (@10MHz)

Internal data bus

Figure 3.13 (1) PWO/PW1 Block Diagram

MCU90-112
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(2)

Operation

The 12-bit PWM circuit generates a fundamental PWM wave using the upper 7 bits of
data in the 12-bit PWM data register set in the 7-bit data latch for PWM fundamental
wave. Then the circuit adds a pulse equivalent to the 1-bit PWM fundamental wave
using the lower 5 bits of data set in the 5-bit data latch for weight, and generates
PW0/PW1 output wave.

The PWM fundamental wave (PWM carrier wave) cycle is the TBCY cycle (25.6 us /
39.062 kHz @ fe=10 MHz).

The PWM fundamental wave duty is determined by the upper 7 bits in the 12-bit
PWM data register. The duration of high level for PW0/PW1 output (the pin is set to
high impedance due to open-drain output) is determined by the value of the upper 7 bits.

The lower 5-bit data in the 12-bit PWM data is used to determine whether to add a
weight pulse (0.2 us @ fe=10 MHz) to the PWM fundamental wave. Weight pulses are
added at random positions to reduce the frequency spectrum for the 12-bit PWM output.
(Output voltage fluctuations caused by the external low-pass filter are decreased.)

Even if the PWM basic pulse output is set to low level (setting O to the upper 7-bit of
the 12-bit PWM data register), the weighted pulse is generated by setting the lower 5
bit of 12-bit PWM data register.

One cycle, Ty, of the 12-bit PWM output is 21%(fe/2)[s1(819.2 »s @ 10 MHz). The
PWM carrier wave cycle, Tg, is /32 [s]. When the upper 7 bits of data in the 12-bit
PWM data register are n(n=0 to 127), the high-level pulse width in the Tg cycle is
n*t(t=1/(fc/2)). (t=0.2 x5 @ 10 MHz).

The lower 5 bits of data in the 12-bit PWM data register control additional pulses of
width t (t=0.2 xs @ 10 MHz) during Tp/32[s], Tg(0) to Tg(31). In the 32 Tg, when the
additional pulses are output, the high-level pulse width becomes (n+ 1)*t.

Figure 3.13 (2) is the operation timing chart of the PWM circuit.
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When fc=10 MHz:
PWM output frequency : fiy =1/T=1.221 kHz
Carrier wave frequency : fg= 1/T5=39.062 kHz

Contents of
TBC1to TBCY )

Match detected | I | I
by 7-bit : ; —45
comparator \ \ \
1-bit weight " : | 4

pulse L Ll

PWO/PW1 output —I .

| n+t | -Sr-1.+1)*t
{Note) The PWO/PW1 pin

is open-drain Ts (0 Ts(1
output. Pull up \ 3( VR I i,) J I

externally prior to Without With weight
use. weight pulse pulse

PWM output cycle Ty = 32T¢

Figure 3.13(2) 12-bit PWM Circuit Operating Timing Chart
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3.13.2  B-bit PWM Circuit (PWM8)

The 8-bit PWM circuit (PWMS8) is configured for use in controlling the current limiter
of the motor driver. PWMS has a resolution of 8 bits.

(1) Configuration

PWMB consists of an 8-bit up counter, an 8-bit data register, an 8-bit comparator, and
an output flip / flop circuit.
Figure 3.13 (3) is a block diagram of PWMS,

To output the PWMS8 function to the port (P37), set TFFCR<TOSEL> and
P3CR<P3TM > to “0”.

TRUN
<RUNPWS8>

- Jrwms
fo2 — |y 8-bit R - = ] ___|<_(P37IT01)

upcounter [ Selector Selector
When fc= 10 MHz, {} Output i
fn= UTn FIF T T T T
=19.531 kHz. 8-bit Match detect — :1 e (6]
TO1 TFFCR P37 P3CR

comparator {timer 0, 1 output) <TOSEL> <P37M >

{}

8-bit

(Note) The PWMS pin is open-drain cutput.

data register Pull up externally priar to use.
PWNBDR
_/| E X Forselector settings, see 3.5.4, Port 3.

Internal data bus

Figure 3.13 (3) PWMS8 Block Diagram
(2) Operation

PWMS is a low pulse control type 8-bit PWM circuit which centrols the low pulse
output duration using data set in the data register.

After reset is released, TFFCR<TOSEL > and P3CR<P37M> are set to “0". Thus,
writing “1” to timer control register TRUN <RUNPWS8 > immediately activates P37 for
PWMB output. When all the 8-bit counter values become “0”, the output flip/flop is reset
and PWM8 output becomes “0”. When the 8-bit up counter starts counting from the
initial value, “0”, and detects a match detect signal output by the comparator, the output
flip/flop is set and PWMS8 output is inverted.

When “0” is set in 8-bit data register PWMS8DR, the output flip / flop is set to “1”.
PWMB8/P37 output becomes high impedance. (P37 is open-drain output.)

One cycle Ty is 28/(fe/2)[s] (51.2 x#s @ 10 MHz). When data are n (n=0 to 255), the
low level pulse width in cycle Tyy is n*to (to= 1/(fc/2)).

MCU90-115
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3.13.3 Control Registers

The PWM circuit is controlled by control register TRUN and five data registers.
PWMS8 output control, see 3.5.4, Port 3.
Figures 3.13 (4) show PWM related registers.

Timer Control Register

For

7 ¢ 6 i 5 i a4 i 3 i 2 i 1 i 0
TrRUN | bit symbol | RUNPW1 ; RUNPWO ; RUNPWE ; T3RUN | T2RUN | TIRUN | TORUN
(FFDAH) | Read/Write PoRW Ol RW i RW D RW RAW RW 1 RW
Value after o0 {0 ¢ 0 i o i o { o i o0
Function { PWD, 1 Run/Stop :PWM8  TimerRun/Stop : Timer Run / Stop
§g°_"§'; (;Ip {Run/Stop : Control i Control
N iControl | 0: Stop 0: Stop &Clear
:1: Run(C : : :
: un (Count up) :0: Stop& i 1: Run i 1: Run(Countup)
: : Clear :
i1: Run i
i (Count:
up) i
| * J
See 3.14, Timers.
PWMB8 operation
0 |Stopand clear
1 Count
PWO (PWM12-0) operation
0 |Stopand clear
1 Count
PW1 (PWM12-1) operation
0 |Stopandclear
1 | Count
PWMB Data Register
7 ¢ 6 i s i a4 i 3 i o2 L1 io0
PWMEDR |bitSymbol | PW8D7 | PWBDG ; PWSDS : PWSD4 | PW8D3 : PW8D2 | PWSD1 i PWBDO
(FFDBH) | Read/Write w
Prohibit | Valye after Undefined
read- |
modify- '}
write.

PWMS8 data register

Figure 3.13 (4)-1 PWM Related Registers
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PWO Data Register
A T - T o L0
PWMDRO |bitSymbol | PWDO? | PWD06 : PWDO5 . PWD0A | PWD03 | PWD02 | PWDOI | PWDOO
(FFDCH) | Readrwrite w
:gng_ibn value after Undefined
modify- 7 ’
write.
PWO data register (lower 8 bits)
PWO Data Register B
I A R T T T Po0
PWMDRGE | bit Symbol | PWDOB | PWDOA | PWD03 ; PWDO0S
(FFDDH) | Read/write w
Proibt Value after Undefined
m:dify- (- ; ]
write,
PWQ data register (upper 4 bits)
PW1 Data Register
7 0 & i s i a3 1 P 0
PWMDR1 |bitSymbol | PWD17 | PWD16 | PWDIS | PWDI4  PWDI3 . PWD12 i PWDI1 i PWD10
(FFDEH) | Read/write w
:og.ibit Value after Undefined
m;dify- J l
write.
PW1 data register {lower 8 bits)
PW1 Data Register B
A I e T S 1 P
PWMDR1B | bit Symbol ' : : | PWDIB : PWDIA : PWDI9 ; PWDIa
(FFDFH) | Read/Write w
:’éggjbit Yeas,lé'lte after Undefined
modify- L T |
write.

PW1 data register (upper 4 bits)

Figure 3.13 (4)-2 PWM Related Registers
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3.14 Timers

The TMP91C642A integrates four 8-bit timer / counters: timers0, 1,2, and 3.

The four 8-bit timer / counters can be mdependently operated. Cascade-connecting
timers 0 and 1 configures a 16-bit timer / counter.

Either the 18-bit time base counter (see 3.6, Time Base Counter), output clock signal,
or external input signal (TI0, TI1, P66/C-FG, or P67/P-CTL) can be selected as an input
clock source. ' '

3.14.1 Configuration

Each timer consists of an 8-bit up counter (except timer 3, which is an up / down
counter), an 8-bit comparator, and an 8-bit timer register. A timer flip / flop (TFF) is
provided for a pair of timers 0 and 1.

8-bit timer operation and timer flip / flop are controlled by five control registers:
TCLK (TMRO1CR), TRUN, TFFCR, TMR2CR, and TMR3CR.

The configuration and functions of 8-bit timers are as explained below:

(1) Up counter

Timers 0 or 1 each has an 8-bit binary counter controlled by control register
TMRO1CR (TCLK) ; timer 2 has an 8-bit binary counter controller by control register
TMR2CR,; timer 3, an up/down counter, has an 8-bit binary counter controller by control
register TMR3CR.

Timer 1 input clock is selected depending on operating mode. If the 16-bit timer mode
is set (TCLK <TMOD > =1), the overflow output of timer 0 is used as the input clock
regardless of the <T1CLKO0,1> setting.

At reset, TCLK<TMOD > =0, that is, 8-bit timer mode is set.

The up counters can control count/stop for each timer using timer operation control
register TRUN. At reset, all the up counters are cleared and timers are stopped.

(2) Timer registers

TREGO TREG1 TREG2 TREG3
8 bits 8 bits 8 bits 8 bits
FFDOH FFD1H FFD4H FFD7H (Note)  Write only.

The timer registers consist of 8 bits and set the interval time. When the values setin
the timer register and the up counter match, the match detect signal of the comparator
becomes active. When the value is set to 00H, the match detect signal becomes active at
up counter overflow. When a new value is written to this register, it is input
immediately to the comparator.

MCU90-118
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(3)

(4)

Comparator

The comparator compares the up counter value with the value set in the timer
register and if they match, the comparator zero-clears the up counter and generates an
interrupt signal (INTTO to 3). If timer flip / flop inversion is enabled, the comparator
inverts the timer flip/flop value at the same time.

Timer flip / flop (timer F/F)

The timer {lip / flop inverts according to the match detect signals (output by the
comparator) of timers 0 and 1, and outputs the value to timer output pin TO1 (also used
as P37).

A timer flip / flop (TFF) is provided for timers 0 and 1, but not for 2 and 3.

The timer flip / flop is controlled by timer flip / flop control register TFFCR.

TFF (timer F/F for timers 0 and 1) is explained below: (See Figure 3.14 (5)-4.)

@ TFFCR<TFFIS> is a select bit for the TFF inversion signal. In 8-bit timer mode, to
invert the TFF by a match signal from timer 0, set <TFFIS> to “0”; to invert the
TFF by a match signal from timer 1, set <TFFIS> to “1”.

In 16-bit mode, always set <TFFIS> to “1”. Atreset, <TFFIS> iscleared to “0”.

@ TFFCR<TFFIE> is the inversion enable bit for the TFF. Setting the
TFFCR<TFFIE > to “1” enables inversion; setting to “0” disables.
At reset, the TFFCR<TFFIE > is cleared to “0”.

@ TFFCR<TFFC1,0> sets / resets the TFF or inverts the TFF by software. Writing
“0,0” resets the TFTF; writing “0,1” sets the TFF; writing “1,0” inverts the TFF value.

Timers 0, 1,2, and 3 are as explained below.
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3.14.2 8-bitTimersQ and 1

The timer counters for timers 0 and 1 of the TMP91C642A consist of an 8-bit up
counter, an 8-bit timer register, and an 8-bit comparator circuit. These timer counters
can be independently operated. Cascade-connecting them configures a 16-bit timer
counter.

The input clocks to the timer counters are obtained from time base counters TBC2,
TBCS6, or TBC10. Timer 0 is connected to external input pin TIO.

A timer counter is cleared when timer start control register TRUN <T1RUN,
TORUN > ="“0” or when a match signal of the 8-bit comparator is output. .

The contents of timers 0 and 1 are read from the count data registers TCUTQ and
TCUT1 for these timers. (The timer count data register is set to the same address as
timers 0 and 1 register.) When timer operation control register TRUN<TI1RUN,
TORUN > =“0", the up counter is cleared to “0”; therefore, the read data are always
“00H”.

Figure 3.14 (1) is the block diagram of timers 0 and 1.
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The 8-bit timer operates as explained below.
8-bit timers 0 and 1 have 8-bit and 16-bit timer modes.

(1} 8-bit timer mode

Timer 1 is used in the example.

@ To generate an interrupt at a fixed cycle

To generate a timer 1 interrupt (INTT1) at a fixed cycle, first stop timer 1, then set
the operating mode, input clock, and cycle in the TCLK and TREGI1 registers. Then

enable an INTT1 interrupt and start the timer 1 count.

Example : To generate a timer 1 interrupt every 40 s at fc=10 MHz, set the

registers as follows:

Sets mode to 8-bit timer mode and sets input clock to

Sets 40 us / TBC2 = 32H in timer register.

MsSB LSB
—_ 76543210
TRUN ¢ - - - - == 0 - Stops timer 1 and zero-clears it.
WK ¢« ---001--

TBC2 (0.8 s @ fc 10 MHz).

TREG1 « 00110010
INTEL ¢ - -1----- Enable INTT1 interrupt
 TRUN ¢ - -~ = -~- 1 - Starts timer 1 count.
(Note) X ;don’t care -;no change

To select an input clock, see the table below:

Table 3 14 (1) lnterrupt C% cle and input Clock
i

Select by 8-bit Timer
Interrupt cycle@ fc = 10 MHz | Resolution input clock
0.8us to 204.8 s 0.8us TBC2 (8/f¢)
12.8us to  3.2768 ms 12.8us TBC6 (128/fc)
204.8us to 52.4288 ms 204.8us TBC10(2048/ fc)

Please be sure to note the follwing point when using a 8-bit timer mede.

when using only the Subsequently to the data written on the TREGO, counting should be started
timerQ after the dummy data is written to the TREGT.
However when the data is written to the TREGD after TCLK <T1CLK1,0> is
set to be otherthan “0, 0”, the timer 0 operates as the 8-bit timer. (The
dummy data does not need to be written to the TREG1.)
Counting should be started after selecting the input clock.

timer1 10.

when using only the Counting should be started after selecting the input clock from the TBC2, 6,

MCU90-122
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@ To output square wave with 50 % duty

Invert timer flip / flop every fixed cycle and output the timer flip / flop value to timer
output pin TO1.

Example : Tooutputasquare wave every 4.8 us at fc=10 MHz, set the registers as
follows:

This example uses timer 1, but the same operation can be effected by
using timer Q.

MSB LSB

B 76543210

TRUN ¢ - - - - - - 0 - Stopstimer 1 and zero-clears it.

TCLK « ---001-- Sets to 8-bit timer mode.
Sets input clock to TBC2

TREGI « 00000011 Sets 40 45/ TBC2/2 =3 in timer register.

TFFCR ¢« 0 --10011 Zero-clears TFF and sets so that TFF inverts by a match
detectsignal from timer 1.

PICR ¢« -0 ---"--~ Sets P37 outputta TO1.

| TRUN ¢« - - - - - - 1- Starts timer 1 count.

(Note) X ;don’t care -;no change

Internal clock

AR S N U N I N O e N e O e

TRUN
<TIRUN>

|'" BIT7t02

up BITY
counter

l_ BITO
Comparater
timing l—l l—l

Comparator output
(match detect)

INTT1 Q /
Up counter clear 4
TFF \‘

TO1

/ \

2.4 us@fc=10MHz

Figure 3.14(2) Timing Chart for Square Wave (50 % duty) Output
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® To increment timer 1 using timer 0 match detect signal output.

Set mode to 8-bit timer mode and timer 1 input clock to timer Q comparator output.

Comparator timer 0 J_l I-l

match detect signal output
Timer 0 up counter 1X2X3X4X5X1X2X3X4X5X1WZX3X:
(TREGO = 5)

Timer 1 up counter 1 X 2 X 1
(TREG1 =2}

Timer 1 match
detect signal output

Figure 3.14(3)
@ Output inversion by software

Regardless of timer operation, timer flip / flop (timer F/F) value can be inverted.
Writing “1,0” to TFFCR<TFFC1,0> inverts the TFF value.

® Timer flip/flop (timer F/F) initial setting

Regardless of timer operation, the initial timer F/F value can be set to O or 1.

For example, to set the TFF initial value to “0”, write “0,0” to
TFFCR<TFFC1,0>; to set the TFF initial value to “1”, write “0,1” to
TFFCR<TFFC1,0>.

(Note) The timer flip/flop or timer register value cannot be read.

MCU90-124
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(2) 16-bit timer mode

Combination of timers 0 and 1 configures a 16-bit interval timer.

To configure a 16-bit interval timer by cascade-connecting timers 0 and 1, set
TCLK<TMOD > to “1”.

Setting to 16-bit timer mode uses the timer 0 overflow output as timer 1 input clock
regardless of clock control register TCLK. Set timer 0 input clock in TCLK. Table 3.14
(2) shows relations between timer (interrupt) cycle and input clock selected.

Table 3.14 (2) 16-bit Timer (Interrupt) Cycle and Input
Clock Selected

Tim%(j(:t:e:%u&t;;yde Resqlution Timer O input clock

0.8 us to 52.43ms 0.8 s $TBC2  (8/fc)

12.8 us to 838.86 ms 12.8 ps $TBC6  (128/1c)
204.8 us to 13.425 204.8 us ¢TBC10 (2048 /1c)

For timer (interrupt) cycle, set the lower 8 bits in timer register TREGO and upper 8
bits in TREG1. Always set TREGO first. (Writing data to TREGO temporarily disables
compare; writing data to TREG1 starts compare.)

Setting example: To generate an INTT1 interrupt every 0.2 s at fc=10 MHz, set the
following values in timer registers TREGO and 1.
When TBC6 (=12.8 us @ 10 MHz) is used as input clack,
02s/12.8 xs=15625=3D09H
Therefore, set TREG1=3DH and TREG0=09H.

The timer 0 comparator match detect signal is output every time the values in up
counter UCO and TREGO match. But an INTTO is not generated.

When the values in upcounter UC1 and TREG1 match, timer 1 comparator outputs a
match detect signal every comparator timing. When the match detect signals of the
comparators of both timers 0 and 1 are output at the same time, an INTT1 interrupt is
generated. If inversion is enabled, the timer {lip / flop value is inverted.
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Table 3.14(3) Differences between 16-bit Timer Mode and 8-bit Timer Mode

Timer 0 Timer 1
Counter Counter
INTTO Output to Operation INTT1 Output to Operation
interrupt TO1 when match interrupt TO1 when match
detection detection
16-bit timer interruptis | Output TREGO Interrupt Output TREG1*28 +
mode not disabled. Increments\ [generated. |enabled. TREGO
Increments generated. Output of even if Matches of || (Full 16 bits)
timer 1 by : a match values both timersj| /<CLBC16>
timer0 with TREGO|{\ match. Qandi1can| [0 :
overflow is disabled. be output. /|{ Counts up
when a
match signal
1:
Clears when
a match
signal
8-bit timer Interrupt Qutput TREGO Interrupt QOutput TREG1+TREGO
mode generated. |enabled. <CLBCO> \ |generated. |enabled. multiplied
Increments Output of 0: Output of value
timer 1 by match of Counts up match of <CLBC1>
timer 0 either when a either 0:
overflow timer 0 or 1)§| match signal timer0or1]|| Countsup
match is 1: match is when a
enabled. Clearswheny enabled. match signal
a match 1:
signal Clears when
a match
signal
Example : When TREG1=04 Hand TREG0=80 H:
0400H
Up counter values
(UC1 and UCO) 0000H 0080H 0180H 0280H 0380H 0480H
Timer 0 comparator " " " "
match detect signal
I
Interrupt INTT1 '
E
i
Timer output X Inversion

TO1

Figure3.14 k4) Timing Chart for 16-bit Timer Mode
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(3)

Control registers

Figure 3.14 (5) shows timer 0 and 1 related control registers.

TREGO
(FFDOH)

Prohibit
read-
modify-
write,

TCUTO
{FFDOH)

Prohibit
read-
modify-
write.

TREG1
(FFD1H)

Prohibit
read-
modify-
write.

TCUTY
(FFD1H)

Prohibit
read-
maodify-
write.

Timer 0 Register

7 08 6 i s a4 o3 b2 .0
Read/Write w
';/e.:-xsleute after Undefined
Timer O Count Data Register
7f 6 i 5 L4 i3 R L0
Read/Write R
yeasleute after Undefined
Timer 1 Register
708 6 i s i o4 co3 i o2 7 1 i o
Read/Write w
}/easlé,lte after Undefined
Timer 1 Count Data Register
Read/Write R
\r/easléite after Undefined

* Reading timer re?isters 0 and 1 reads the current data of the timer/counters 0 and 1.Data

can only be read from the timer/counters of timers 0 and 1, not written to them (whereas
data can be written to the timer/counter of timer 3).

Figure 3.14 (5)-1 Timers 0 and 1 Related Registers
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Timer 0 and 1 Control Register
7 6 5 4 i 3 I 2 1 i
Teik |bitSymbol | CLBC16 © CLBCH CLBCO TMOD ; TICLK1 | TICLKO | TOCLKI ; TOCLKO
[TMRO1CR] | Read/Write RAW RAW RAW RAW RW RAW
(FFD2H) [Value after d
i o f{ o : 0 0 P 0 i 9 o i 0
Function 16-bit §Timer1 §Timer0 gTimer : Timer 1 CLK-in control { Timer 0 CLK-in control
timer/cou :counter [counter :Mode 100: TOOTRG 100: TBC2
nter clear :clear i clear : 0: 8bit 101: TBC2 101: TBC6
control  icontrol icontrol  :1:16bit 10: TBCE :10: TBC1Q
0: Disable :0: Disable : 0: Disable ; i11: TBC10 i11: TIO
1:Enable :1:Enable :1:Enable : :
1 1 ]
Timer 0 input clock
00 |} TBC2 (8/fc)
01 | TBCG (128/¢)
10 | TBC10 (2048/f¢)
11 | TIO (external input)
L. Timer 1 input clock
00 | TOOTRG {timer 0 match
detect signal output)
01 | TBCZ (8/fc)
10 | TBC6 (128/¢)
11 | TBC10 (2048/f¢c)
{Note) When 16-bit timer

Counter clear by 16-bit timer

mode<TMOD> =1,
TOOTRG (timer 0 match
detect signal) is selected
as timer 1input clock.

Timer 0/1 operating mode

8-bittimersx 2

16-bit timer

detect

Counter clear by timer 0 match

signal output

Disable

Enable

Counter clear by timer 1 match

match detect signal output

0 |[Disable

detect signal output

0 | Disable

1 Enable

Figure 3.14 (5)-2 Timers 0 and 1 Related Register
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Timer Operation Control Register

A . T S oo
TRUN | bit Symbol | RUNPW1 | RUNPWO | RUNPWS | T3RUN | T2RUN | TIRUN | TORUN
(FFDAH} | Read/Write CORW . RW L RW i RW  RW | RW | RW
Value after ; : : :
valus . 0 ¢ o o i o i o : 0o i o
Function :PWO, 1 Run/Stop i PWNMB : Timer Run/Stop : Timer Run {Stop
i Control :Run/Stop : Control : Control
:10:Stop ‘Control i Q: Stop : 0: Stop &Clear
£ 1: Run (Count up) i0:Stop & : 1: Run : 1: Run{Countup)
: i Clear :
2 1: Run :
{Count :
up)
1

Timer O cperation

0 |Stopandclear

L. Timer 1 operation

0 |Stopandclear

1 Count

0 |Stop
1 Count
PWNMB operation

0 |Stopand clear

(Note) Tostart/stop timers when 16-bit mode <TMOD> =1, set hoth <TORUN> and <T1RUN>
to “1" or "0” simultaneously.

Figure 3.14(5)-3 Timer 0 and 1 Related Register
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Timer Flip/Flop Control Register
7 6 : s ¢ 4 i 3 i 2 1 i 0
TEFCR | bit Symbol %ote) TOSEL TFEC1 § TFFCO TFFIE §  TFFIS
ways
(FFD9H) | Read/write w,itey.-ou' RAW w RAW
Prohibit | Value after i 0 — o i o
d- * : : H
:ﬁgdify, [Function P37 L TFF control ETFF Invert  0: Inverts
write ioutput  :00: Clear TFF :0: Disable : by
’ iselect 101: Set TFF i1: Enable { timerO.
:0: PWMB8 : 10: Invert TFF : (1: Inverts
i1:TO1  i11: Dontcare by
: : timer 1.

(Note) When writing data to the TFFCR, always write "0”.
If read, 1" is always read.

S

Timer flip/ flop (TFF) inversion
signal select

Q
1

Timer 0

.......................................

Timer 1

L_»Timer flip/ flop (TFF} inversion

Enabie

[, Timer flip / flop {TFF) control

00 | Clears TFFto "0”.

01 |[SetsTFFto "1".

10 | Inverts TFF value
(software inversion).

11 {Don’t care (If read,
“117 is always read.)

—» P37 output select
0 PWMS8
1 |TO1
(Notg) Tousethe PWMBor TO1

output function, set
P3CTR<P3I7M > to ‘.'0"_

Figure 3.14 (5)-4 Timer 0 and 1 Related Register
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3.14.3 8-bitTimer2

Timer 2 consists of an 8-bit up counter, an 8-bit timer register, and an 8-bit
comparator circuit.

An input clock to timer 2 is selected from time base counters TBC2, TBCS6, external
input pin TIO, or C-FG. (When C-FG is used as an input clock, set servo input control
register SINCR<C-FG> = “0”.)

The timer counter is cleared by reset, by a match detect signal when timer 2 control
register TMR2CR < CLBC21 > =*1”, or by software, TMR2CR<CLBC20> =1.

For timer interrupts (INTT2), see timers 0 and 1 8-bit timer mode. (Note that TFF is
not supported.)

Figure 3.14 (6) is the block diagram of timer 2.

TRUN<T2RUN > TMR2CR<CLBC20> TMR2CR<CLBC21 >

TMRZClR<T21ZLK1, 0> _I_L[ {,:l
; Clear

TBC2 (B/f¢) —=
TBEE {(128/f) —>| .loctor >_i:)_. 8-bit up counter
P46/ TIO ) » (UC2)
{external input}

P66/C-FG
{external input)

]\/

8-bit comparator
(CP2) — > INTT2

fl

8-bit timer

Match detect

register
TREGZ2

U 1

Internal data bus

Figure 3.14(6) Timer 2 Block Diagram
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(1) Control register
Figure 3.14 (7) shows timer 2 related register.
Timer 2 Count Data Register
7 + & {5 1 &4 i 3 2 1 0
TcuT2 |Read/Write R
(FFD3H) |Value after Undefined
Timer 2 Register
7 { 6 { 5 i a4 i 3 2 1 0
TREG2 Read/Write W
(FFD4H) | Value after Undefined
Prohibit
read-
modify-
write. Timer 2 Control Register
7 i 6 i1 5 4 i 3 i 2 i 1 o0
TMR2cR | bit Symbol : : : CLBC21 : CLBC20 | T2CLK1 | T2CLKO
{FFD5H) | Read/Write RAW RAW RAW
Value after : :
robat ; 0 0 : Q : 0
Function i Counter :Counter :Timer 2 CLK-in control
i clear i Soft Clear :00: TBC2
icontrol 100 - 101: TBC6
:0: Disable :1: Clear {10:TID
i1:Enable ! i11: C-FG
J | J
Timer 2 input clock
00 | TBCZ (8/fc)
01 | TBC6 (128/fc)
10 | TI0 {external input)
11 | C-FG (external input)
{Note} Touse C-FG asinput
“clock, set SINCR<C-FG >
¥ = non-
Counter clear by timer 2 match
detect signal output L—Timer 2 counter software clear
0 | Disable 0 —
1 | Enable 1 | Clear {one-shot)
(Note) Reading <CLBC20>
always reads “0”.
(Note) TREG2 is a write-only register. Reading TREG2 always reads “1”. For timer start

and stop, see Figure 3.14 (5)-3, Timer Operation Control Register TRUN.

Figure 3.14(7) Timer 2 Related Registers
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3.14.4 8-bitTimer3

Timer 3 consists of an 8-bit up / down counter, an 8-bit counter buffer register, 8-bit
timer register, and an 8-bit comparator circuit.

An input clock to timer up/down counter is selected from time base counters TBCZ,
TBC6, external input pin TI1, or PCTL. (When PCTL is used as an input clock, set
SINCR<P-CTL> = “0”.) |

In relation to the P-CTL external input signal, the PCTL input signal is normal when
CSYNCR<PCTPO> =“0"; inverted when < PCTPO > =1".

The up/down counter is cleared by reset, by a match detect signal when timer 3
control register TMR3CR<CLBC31> =“1”, or by software, TMR3CR<CLBC30> =1
(software clear).

As with timers 0,1, and 2, the count data can be read from the 8-bit up/down counter
for timer 3. However, in the case of timer 3, count data can also be written. (reload
function)

Timer 3 interrupts (INTT3) are controlled by timer 3 control register
TMR3CR<INTC1,0>. Either 8-bit up/down counter overflow or 8-bit comparator
match detect can be selected, or both can be selected at the same time.

TRUN TMR3CR  TMR3CR

<T3CLK1,0> -
l l u/o <TMR3CR<INTCI >

ontrol
TBC2 (8/fc) —» contro Clear
TBC6(128/f) —=1 ¢ 8-bit up/d
elector itup/down counter
P47/ TI 'PD_’

{external input) wpG Overflow

P67/ PCTL N

{external input) INTT3

AV

8-bit comparator

(CP3) Match detect

1l

8-bit timer «—TMR3CR<INTCO>
register
TREG3

U]

Internal data bus

Figure 3.14(8) Timer 3 Block Diagram
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(1) Control Register
Figure 3.14 (9) shows timer 3 related register.
Timer 3 Count Data Register
7 i 6 { 5 i a4 1 3 2 1 0
TcuT3 | ReadWrite RAW
(FFD6H) | Value after ) Undefined
Timer 3 Register
7 | & i 5 1 a4 i 3 2 1 0
TREG3 Read/Write w
(FFO7H) [Value after Undefined
Prohibit
read-
modify- . .
write. Timer 3 Control Register
7 ¢ 6 i 5 i a4 i o3 o2 P 10
TMR3CR | bit Symbol . INTC1  INTCO i CLBC31 | CLBC30 | UDCON : T3CLK1 | T3CLKD
(FFDBH) |Read/Write RIW P ORW L RW RW RAW
Value after 0 : 0 : 0 : 0 0 0 : 0
reset : : : : : : :
Function : INTT3 Interrupt i Counter iCounter Counter  Timer 3 CLK-in control
i Control i Clear iSoft Clear :up/down :00: TBCZ
100: Disable INT iControl  :0:- :control  i01: TBC6
:01: Match detect :0: Disable : t: Clear  :0: Up (100N
i signal output :1: Enable : i1:Down 11 PCTL
: 10: Overflow : : : :
i 11: Match detect
i signafoutputand
averflow :
] { _ |

Counter clear by timer 3 match

|

Timer 3 interrupt control

00 | Disable

11 | Match detect signal output
and overflow

Timer 3 input clock

00 |TBC2(8/c)

01 | TBC6 (128/fc)

10 [T {external input)

11 | PCTL (external input)
(Note) Touse PCTLinput, set

SINCR<P-CTL> = "0".

detect signal output Timer 3 counter software clear L.Timer 3 operating mode
0 | Disable 0 — 0 |Increment
P I 1 ...... c .i.é; r(o - .e.._ shot) .................. s ecremem .....................
(Note) Reading <CLBC30>
always reads “0”.
(Note) To switch timer 3 interrupt output, stop timer 3. For timer start/stop, see timer

operation contro! register TRUN in Figure 3.14 (5)-3.

Figure 3.14(9) Timer 3 Related Registers
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3.15 Serial Channals

The TMP91C642A. integrates two 8-bit synchronous serial interface channels. Serial
channel 0 is connected to an external circuit via P40 (SCLKO0), P41 (TxDO0), and P42
(RxDO0); serial channel 1 is connected to an external circuit via P43 (SCLK1), P44
(TxD1), and P45 (RxD1). To use the SIO function, set port 4 mode control register PAMR
to SIO pin function. Serial channels 0 and 1 are identical circuits, configured
independently,

The serial channels have serial buffers. In receive mode, data in the first frame are
read from the data buffer by the time data in the second frame are received. In send
mode, after data in the first frame are received, data in the second frame are written to
the send buffer. In send-receive mode, data must be processed one frame at a time.

Figure 3.15 (1) is the block diagram of the serial channel.

L Internal data bus ?

SCnBUF WR —|WR TRANSMITT BUFFER

<S$nMODO, 1>
B-bit SHIFT
E >IN ouT ,D TxDn
RxDn , REGISTER
Y [ ALL™D » BUSY flag
<SIFTn> P 3-bit o A L s ql—> INTSIOn
COUNTER g ® FIF (510nF)
? Rising
SCLKN edge detec
> selector Q
| s e Reads IRFL
<SIOnE> Reset
< SnRES >
<SCLKNS > RECEIVE BUFFER RD |«— SCRBUF RD
TBC2 L]
(23/fc)
selector
TBCH
(274/fc)
"4 n=0:SIOchannel 0
<CLKRSI> 8 Internal data bus 8 n=1:510 channel 1

Figure 3.15(1) Serial Channel Block Diagram
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3.15.1 Serial Clock

The serial clock can select the following according to serial channel mode registers
SCOMOD and SC1IMOD (addresses FFE3H and FFESH in memory).

(1) Clock Source Select

Either an internal or an external clock can be selected by SCOMOD <SCLK0S>
(SCIMOD <SCLK1S > for channel 1).

@ Internalclock

Either TBC2 (2%/fc) or TBC6 (27fc) can be selected as the serial clock by
<CLKOSI> (<CLK1SI> for channel 1). Figure 3.15 shows the maximum transfer
speed possible using the internal clock operation. The serial clock is output from
SCLKO (SCLK1 for channel 1).

The serial clock automatically stops after ending one-frame serial operation, then
waits for the next serial operation. The serial clock holds high level when data are

not transferred. ’
Table 3.15 Maximum Transfer Speed Using Internal
Clock Operation

Maximum transfer speed
(@ fc =10 MHz)

TBC2  (23/fc) 1250000 bps
TBC6  (27/fc) 78125 bps

Internal clock

®  External clock

The clock input to the SCLK0 (SCLK1 for channel 1) pin is used as the serial clock.
Using external clock operation, set serial transfer internal clock select register
< CLKOSI> (<CLK1SI> for channel 1) to “0”.

(2) Shift Edge select

Leading or trailing edge shift can be selected using SCOMOD <SIFT0> (SC1MOD
< SIFT1> for channel 1).

@ Leading edge shift

Shifts data at the leading edge of the serial clock (I/O signal falling edge on SCLKO
or SCLK1 pin).

@  Trailing edge shift

Shifts data at the trailing edge of the serial clock (I/O signal rising edge on SCLKO
or SCLK1 pin). Note that trailing edge shift is not supported in send mode.
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3.15.2 Operation

(1)

Serial channels 0 and 1 have send, receive, and send-receive modes. Mode can be
selected using SCOMOD <SOMD1, 0> (SCIMOD<SIMDI, 0> for channel 1). After
reset, both <SOMD1,0> and <81MD1, 0> are set to “0,0” and send mode is selected.
The following explains operation in each transfer mode.

Send mode

After setting send mode to the control register, write the first send data to buffer
registers SCOBUF and SC1BUF (addresses FFE2H and FFE4H in memory). (If send
mode is not set, data cannot be written to the buffer register.) Setting serial transfer
control register SCOMOD <SIO0E > or SCIMOD <SIO1E> to “1” starts sending. At
this time, send data are synchronized with the falling edge of the serial clock (leading
edge shift) and output to the TxD pin starting from the LSB. When TxD is output from
the LSB, the send data are transferred from the buffer register to the shift register. The
buffer register is then empty. The buffer empty interrupt, INTSIO (internal signal
INTSIOO0 or INTSIO1), is generated to request the next send data. Writing the next send
data to the buffer register using the interrupt processing routine clears the interrupt
request signal. When the interrupt service program writes the next send data to the
buffer register, the interrupt request is cleared.

The channel data when an interrupt is generated can be obtained by reading
interrupt request flag IREL<SIO1F, SIOOF> (bits 1 and 0 at address FFECH in
memory). Identify the channel where the interrupt is generated and process it using
software. The flag is cleared when read. It must be read at the beginning of the
interrupt processing routine.

(Internal clock)

When an internal clock is used, if the next data are not set after all data are sent,
the serial clock stops and waits.

Figure 3.15 (2)-(a) is the timing chart of channel 0 send mode using internal clock
operation (with wait),

(External clock)

When an external clock is used, before the next data can be shifted the next data,
the data must first be set in the buffer register. Therefore, the transfer speed is
determined by the maximum delay time from interrupt generation to data write to
the buffer register by the interrupt service program.

Figure 3.15 (2)-(b) is the timing chart of channel 0 send mode using external clock
operation.

To end sending, the interrupt service program for buffer empty disables (zero-
clears) serial transfer control register SCOMOD < SIO0E > or SCIMOD <SIC1E >.
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When serial transfer control is disabled, sending stops after the data currently shifted
out are sent.
Sending end can be detected by the status of serial transfer monitor flag
SCOMOD <FF0SI> or SCIMOD <FF1SI>. (The serial transfer monitor flag is set to
“1” at send completion.} -

When an external clock is used, before the next send data are shifted out, the serial
transfer control register must first be disabled. If the serial transfer control register
is not disabled, send stops after sending the next send data (dummy).
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510 send mode (only in leading edge shift operation)

/ Write send data ‘D" to send buffer.

I [T . o
Transfer control Enable M i’ 34— 3;
<SIQ0E>
SCOBUF §4—
(FFE2H) %( D .
SCLKO pin
{output)

TxDO pin
{output)) % DOX D1E

=

\
1
Internal ] 3
ot )Send data ‘D" is written to send !
15end data 'D” is written to sen I
FFO3! Buffer empty J buffer and interrupt request flag H
p iscleared. ) r
Interrupt flag —l ---------------- 3
SIOOF _—f L f
(INTSIO)
IRFLRD
(FFECH) !

k Read interrupt flag <SIQO0F>. X ----t  operationwhen (RFLRD is
not performed

(a) send mode using internal clock operation (with wait)

Transfer Enable

control
<SI00E>

SCOBUF
(FFE2H)

N
.

SCLKO pin
(input)

TxDO pin
(output)

D'(TX D4 >QD'2‘ X D'3 ¥ D'gq

Internal ﬁl
signal

FFOSI !
Interrupt flag
SIOOF “_f
(INTSIO)
IRFLRD
(FFECH) hN Reads interrupt flag <SICOF>.
X ----: operation when IRFLRD is not
performed

(b) Send mode using external clock operation

Figure 3.15(2) Serial Channel Send Mode Timing Chart (Channel 0)
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(2)

Receive mode

Data receive is enabled by setting the control register to receive mode, then setting
serial transfer control SCOMOD <SIOOE > or SCIMOD <SIO1E > to enable. The shift
data are synchronized with the serial clock and fetched from the RxD pin. Data to be
shifted are transferred from the shift register to the buffer register. The buffer full
interrupt, INTSIO (INTSIOO0 or INTSIO1), requesting receive data read is generated.

The received data are read from the buffer register by the interrupt processing
routine. Reading the received data clears the interrupt request signal. After interrupt
generation, the next data are read continuously. After the interrupt request signal is
cleared, the next data are transferred from the shift register to the buffer register.

The channel data when an interrupt are generated can be obtained by reading
interrupt request flag IREL <SIO1F, SIO0F >. The flag is cleared when read. It must

- be read at the beginning of the interrupt processing routine.

{(Internal clock)

When an internal clock is used, if the previous data are not read from the buffer
register after the next data are fetched, the serial clock stops and waits until the
previous data are read.

Figure 3.15 (3)-1-(a) is the timing chart of channel 0 receive mode using internal
clock operation (leading edge shift with wait).

Figure 3.15 (3)-2-(a) is the timing chart of channel 0 receive mode using internal
clock operation (trailing edge shift with wait).

(External clock)

When an external clock is used, shifting data are synchronized with the external
clock. The data are read before the next receive data are transferred to the buffer
register. If the previous data are not read, the receive data are not transferred to the
buffer register and subsequent receive data to be input are cancelled. The maximum
transfer speed is determined by the maximum delay time from interrupt generation
to receive data read by the interrupt service program.

Figure 3.15 (3)-1-(b) is the timing chart of channel 0 receive mode using external
clock operation (leading edge shift/with wait).

Figure 3.15 (3)-2-(b) is the timing chart of channel 0 receive mode using external
clock operation (trailing edge shift/with wait). -
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In receive mode, either leading edge shift or trailing edge shift can be selected. At
leading edge shift, data are fetched at the rising edge of the serial clock. Thus the

first shift data must be input to the RxD pin before the first serial clock is applied at
the start of data transfer.

To end data receive disable the serial transfer control register. After the serial
transfer control register is disabled, data receive ends when all 8 bits are received and
transferred to the buffer register.

Completion of data receive by the program is checked by reading the serial
transfer monitor flag. (The flag is set to “1” when receive is complete.)

(Note) When the transfer mode is switched, the contents of the buffer register are not

maintained. Before switching the transfer control register and read the last
received data.
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S10 receive mode (leading edge shift operation)

Transfer control

1§
Enable Reads serial transfer monitor "0” and 7, J—l Disable
<SIOQE > disable by software
Internal ' ﬂ_
signal FFOSI [‘\ I l 1 |_
H

} h

SCLKO pin ﬁi’ [_| ,_i I_l 1
{output) ; ’! I I I__!
RxDOpin 7 DO )( D1 X D2 )( 3} :’b( DG X D7 X D'D X D"| )( Dlé:)( Dls :( D’ %3 ’ 5%

..
~

I~ A

{input)

Ratashift (N S R R A S R B S | 11
Interrupt flag T T S _:—_I—
SIOOF L

{INTSIO} Readsinterrupt flag <SIO0F > &‘ (

IRFL RD 1 CH

{FFECH) ;s_

SCOBUF ! 7

(reav) L % 7k D ,)(' D

SCOBUF RD \H |'|___

Reads data ‘D’ in the first frame from SCOBUF. /
#----: operation when IRFLRD is not performed

(a) Receive mode using internal clock operation (leading edge shift/with wait)

Transfer control

<5I00E> Enable I Disable

manitor,

Int: |

s?gngT:FOS| ] N [ ] | | |

SCLKO pin O
e O U Y I Y T I I O
z:zgt’;m 7 Dy X D1 @:X Ds X D7 X D'o X D'z:}( D's X D'7 XD"o X D”:1 m:

S S S S R T Y

{sampling)

- eTTTTTyrTThhTTTTTT h | -1
(INTSIO) }
IRFLRD f | f
(FFECH) W

(FFE2H)

U 1\% X XD

SCOBUF RD

Reads data ‘D’ in the first frame from SCOBUF. / Wommmn: operation when IRFLRD is not peffofmed

(b) Receive mode using external clock operation (leading edge shift)

Figure 3.15(3)-1 Serial Channel Receive Mode (Leading Edge Shift) Timing Chart {Channel 0)

MCU90-142

B 9097249 0043409 E99 W



TOSHIBA TMP91C642A

S10 receive mode (trailing edge shift operation)

Transfer
control Enable
<SIOQE> J

v A Q_FLP wwm

RxDO pin ,% Do D'g :
{input) —
Data shift »f 1‘
{sampling)

Internal —*\
signal FFOSI
Interrupt flag

SIOOF
{INTSIO)

Reads interrupt flag<SIOF >

IRFLRD
(FFECH)

<y L 2/ 5

SCOBUF RD

Reads data "D’ in the first frame from SCOBUF. /
¥ ----: operation when IRFL RD is not performed
(a) Receive mode using internal clock operation (trailing edge shift/with wait)

Transfer

trol 3%

c<02|cr)%E> _]Enable

(input)

r00pin 7777 Do X 01 X D2 )} B3 X B s X Bs X B7 X B0 X T1 X T4 X T X 07X 0%
input,

Datashift (N A R R T I T T R R S SR S
Internal —'I

signal
FFOSI

—————— §
Interrupt flag J (ﬂ $

SIOCF (INTSIO) Reads interrupt flag <SIOQ0F >.

~a

IRFLRD

(FFECH) .

) /700 2k ° 4 AP
SCOBUF RD \ﬂ

Reads data ‘D’ in the first frame from SCOBUF. /

¥ ----:  operation when [RFL RD is not performed

(b) Receive mode using external clock operation (trailing edge shift)

Figure 3.15(3)-2 Serial Channel Receive Mode (Trailing Edge Shift) Timing Chart (Channel 0)
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(3)

Send-receive mode

Send-receive mode is set to the control register, then the first send data are written to
buffer register SCOBUF or SC1BUF. Enabling (setting to “1”) serial transfer control
register SCOMOD <SIQOE> or SCIMOD <SIO1E> enables data send-receive. Send
data are output from the TxD pin at the leading edge of the serial clock. Receive data
are fetched from the RxD pin at the trailing edge.

Data are fetched then transferred from the shift register to the buffer register. The
buffer full interrupt, INTSIO (INTSIOO0 or INTSIO1), requesting for receive data read is
generated. The interrupt service program reads the receive data from the buffer
register, then writes the send data.

The channel data when an interrupt are generated can be obtained by reading
interrupt request flag IREL<SIO1F, SIO0F >. The flag is cleared when read. It must
be read at the beginning of the interrupt processing routine.

(Internal clbck)

When an internal clock is used, waits until the receive data are read and the next
send data are written.

Figure 3.15 (4)-(a) is the timing chart of channel 0 send-receive mode using
internal clock operation (with wait).

(External clock)

When an external clock is used, data to be shifted are synchronized with the
external clock. The data must be read and the next send data written before the next
data shift. The maximum transfer speed is determined by the maximum delay time
from interrupt generation to receive data read and send data read by the interrupt
service program.

Figure 3.15 (4)-(b) is the timing chart of channel 0 send-receive mode using
external clock operation.

The buffer register is used for both send and receive data. Send data are written
after the 8-bit receive data are read.

To end send-receive, disable the serial transfer control register. When the serial
transfer control register is disabled, send data are disabled. Send-receive ends after
moving the receive data to the buffer register.

To check send-receive end by program, read serial transfer monitor flag
SCOMOD <FF0SI> or SCIMOD<FF1SI>.
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510 Send-receive mode (send : leading edge shift operation/receive : trailing edge shift operation)

Write send data ‘DO’ to send buffer
o 7

Transfer —¥ )Y 45—

Enable ;‘
<ontrol —-J Reads first receive data ‘DI
<SI00E > >~

L L

SCOBUF v 0o ;: Y :D:. % Py ‘,SLE X = X

,’
v I o O O o T L1
{output) :

\
TxDO pin 4 . _ ‘ '
output) LGN 2% K 2! XDO%D(DOEXDO? %2‘\ CT XDO*ZD(&OLX&_/
RxDO pin
{input) //%0'0 X on X oiz ){ )( oI7 X DIO X on: )( DIg*

(sampling}

FFO5I | I ] I
SIOOF ———— e
(INTS!0) ___1 T .i T

P

IRFL RD
(FFECH)

LN Readsinterrupt flag <SIQOF>

¥ -—--1  operation when IRFL RD is not performed
(a) Send-receive mode using internal clock operation (with wait)

<SI00E> | Enable

SCOBUF % DO w DO Z- x o"

sworn | MM LU L LML LT

I:li(:)s't;‘ v‘m( DOO X DO'IX Do2 X po3 ¥ poa X Dos X DOGWI‘ X vos ¥ oor /

S R DD D G B G
bt }

{sampling) T

FFOSI (4

L

siw@or . @ —— . 1
(INTSI0) ____T —lr__nﬁ_]

-~

L

IRFL RD

LN Reads interrupt flag <5I00F >
M ----:  operation when IRFLRD is not performed
{b) Send-receive mode using external clock operation

Figure 3.15(4) Serial Channel Send-Receive Mode Timing Chart (Channel 0)
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3.15.3 Control Registers

Serial channels (SIO) are controlled by two control registers (SCOMOD and SC1MOD)
and two buffer registers (SCOBUF and SC1BUF).
Figure 3.15 (5) shows serial channel related registers.

Serial Channel 0 Control Register

7 ¢ 6 i 5 i 4 1.3 02 T 0
scomop |bitsymbol | FFOSI | SORES | SOMD1 | SOMDO : SIFTO : CLKOSI : SCLKOS | SIOOE
(FFE3H) |Read/Write R | RW | RW | RW i RW : RW | RW | RW
Value after : : 1 : : : :
reset 1 : 0 : 0 : 0 : 0 : 0 : 0 i 0
Function Transfer i Transfer : Transfer mode :Transfer :Transfer :Transfer | Transfer
monitor  : software 100: Send : shift iinternal i clock ; control
0: Busy :reset :01: Receive :0: Leading : clock i 0: Internal ; O: Disable
1:5top  :0:- 110: Don't Care ! edge (0:TBC2 : clock :1:Enable
i 1:Reset  :11: Send-receive i1: Trailing : 1: TBC6  : 1: External;
: i edge Podock
| J J _I
Serial transfer controt
0 |Disable
1 |Enable
|, Serial transfer clock control
0 |internal clock
1 External clock
(Note} Whenusing an external
clock, set < CLKQSI> to
Q¥
Serial transfer internal clock
seiect
4] TBCZ2 (8/fc)
1 TBC6 (128/¢)
L. Serial transfer shift operation
0 | Shifts atleading edge.
1 | shiftsattrailing edge.
(Note) insend mode, setto
leading edge shift.
Serial transfer mode control
00 |Send mode
Y Receive mode
Serial transfer monitor Serial transfer software reset
0 |Serial transferin 0 — 11 Tsend-receive mode
1 N IO SO SOOI -receiv
operation
............. p 1 Reset {one shot)

1 | Serial transfer stopped

Figure 3.15(5)-1 Serial Channel Related Register
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Serial Channel 1 Control Register

70 6 i 5 i 4 i3 i 3 i o
SCIMOD | bit Symboi FF1SI | SIRES { SIMD1 : SIMDO | SIFTI : CLKISI | SCLKIS ! SIOIE
(FFESH) | Readswrite R ¢ RW | RW | RW  RW | RW  RwW fORW
Value after 1 i oo P S0 C 0 o i o
Function Transfer Transfer Transfer mode Transfer Transfer Transfer : Transfer
monitor  :software :00: Send tshift {internal : clock  control
Q: Busy  :reset :01: Receive : 0: leading : clock :0: Internal ; 0: Disable
1:5top  :0:- :10: Don't Care i edge :0:TBC2 : dock  i1:Enable
(1:Reset  :11: Send-receive i 1: Trailing : 1: TBCB i 1: Externali
: : ! edge i dock
L J J
Serial transfer control
0 |Disable
1 Enable

Serial transfer clock control

0 [internal clock

1 External clock

(Note) When using an external
clock, set <CLK15I> to
g
Serial transfer internal clock
select

0 | TBC2(8/fc)

1 TBC6 (128/f¢)

L Serial transfer shift operation

0 | Shifts atleading edge.

1 |shifts at trailing edge.

{Note) Insend mode, setto
leading edge shift.

Serial transfer mode control

00 [Send mode

01 |[Receive mode

Serial transfer monitor Serial transfer software reset EREESAN ARTERLN ARt
10 | Don'tuse.
0 Serial transfer in "] _ ” ................ s d ...........
operation ................................................. Send-receive mode
................................................. 1 Reset (one shot)

1 Serial transfer stopped

Figure 3.15(5)-2 Serial Channel Related Register
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Serial Send-Receive Buffer Register 0

7 {6 i s i a4 % 3 i 2 i 1 i 0
SCOBUF RBO7  RBO6 : RBO5 : RBO4 : RSO3 | RBO2Z | RBO1 : RBOO
bit Symbol : T :
{FFE2H) TBO7 | TBOS i TBOS : TBO4 : TBO3 : TBO2 i TBO1 : TBOO
Prohibit Read/Write R (receive) /W (send)
read-
modify- Value after Undefined
write. . .
Serial Send-Receive Buffer Register 1
7 ¢ 6 i 5 i a4 i 3 i 2 i 1t i 0
SCIBUF RB17 . RB16 | RBI5 | RBI4 | RB13 | RB12 : RB11 [ RB10
bit Symboal : : : : ; : :
(FFE4H) t817 ¢ TBI6 : TBIS i TB14 : TBI3 : TB12 [ TBYM  TB1O
Prohibit Read/Write R (receive} /W (send)
read- Value after :
modify- reset - Undefined
write.

Figure 3.15 (5)-3 Serial Channel Related Register
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3.16 Analog/Digital Converter (A/D converter)

TMP91C642A incorporates a high-speed, high-precision 8-bit sequential A/D
converter which accepts analog inputs from 12 channels (8 + 4),

The 12 channel analog input pins are also used as ports: P50 to P57 (ANQO to AN(Q7)
as input ports and P60 to P63 (AN10 to AN13) as I/O ports.

A/D conversion speed is high: 95 states (19 u#s @ fe=10 MHz).

Figure 3.16 (1) is a block diagram of the A/D converter.

U

AJD converter mode register

Internal data bus

ADMOQD ADS Set
<ADCH3 1o 0><ADBF> <ADS> <ADS2>
Data line control circuit
PECR<PGM> busy start 1 |start2 {} \
)
PSO/ANOD 3~ A/D conversion value
AJD converter control register

PS1/ANO1 00— ;ircuit ADREG

P52/ANO2 [J—n —

PS3/AND3 [y L.
Analog PS54/ANO4 O0—
input PoSIANOS U= |Multiplexer | Buffer Fuil

PUt " ps6raN0s [ | Jsample |
PST/ANO? [ & hold - Buffer register -
=

P6C/ANI0 31—

PEI/ANTI [ 5

PO2/ANIZ [

PE3/ANI3 [}—»

Vrer [O— - L
D/A converter
AGne [T > MN— |

Figure 3.16 (1) A/D Converter Block Diagram
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3.16.1 Operation

(1)

)

(3)

(4)

Analog Reference Voltage

Analog reference voltage on the high side is applied to the VREF pin; on the low side,
to the AGND pin.

The reference voltage between VREF and AGND is divided into 256 using a ladder
resistor and compared with the analog voltage input for A/D conversion.

A/D conversion mode select

Prior to A/D conversion, the mode must be selected using the A/D conversion mode
register, ADMOD.

When ADMOD<ADS2> =0, A/D conversion single mode is selected. When
ADMOD<ADS2> =1, A/D conversion repeat mode is selected.

Reset initializes < ADS2> =1, thus selecting repeat mode.

Analog input channel

Using the analog input channel select register, ADMOD < ADCHS3 to ADCHO>, one
of the 12 channels is selected as the analog input channel: ANO0O (P50) to ANQ7 (P57)
and AN10 (P60) to AN13 (P63). When AN10 (P60) to AN13 (P63) are used as ports
(P6CR< P6M > =0), the analog input channel must be selected from AN0O to ANO7.

Reset initializes the port 6 A/D input control register PECR<P6M> =0, and the A/D
conversion channel register ADMOD<ADCH3,2,1,0>=0,0,0,0; thus selecting the
ANOO pin as the analog input channel.

The pins not used as the analog input channel can be used as input port P5 and P60 to
P63.

Change analog input channels after A/D conversion.

A/D conversion start

Writing “1” to the A/D conversion start register, ADMOD<ADS>, starts A/D
conversion. When A/D conversion is started, the A/D conversion busy flag,
ADMOD<ADBF> is set to “1”, indicating A/D conversion. When restarting A/D

ion, confirm that the <ADBF > is set to “0”

MCU90-150
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(5)

(6)

7)

A/D conversion repeat specification

Repeat or A/D conversion single mode can be selected using the A/D conversion mode
register, ADMOD < ADS2>.

In repeat mode, A/D conversion automatically repeats after A/D conversion.

Reset initializes <ADS2> =1, thus selecting repeat mode. To use A/D conversion
single mode, first set <ADS2> =0, then start A/D conversion.

Change the A/D conversion mode after A/D conversion ends.

A/D canversion end and interrupt

@ In A/D conversion single mode

When A/D conversion ends, <ADBF> is cleared to “0”. That is, <ADBF>=0
indicates that conversion ended.

@ In A/D conversion repeat mode
To end A/D conversion in A/D conversion repeat mode, write “0” to <ADS2>. A/D
conversion repeat mode ends when the conversion in progress ends.

AJ/D conversion value read

The result of A/D conversion is saved to the A/D conversion value register, ADREG,
It can then be read.

Note that reading ADREG during A/D conversion results in an undefined value. (In
A/D conversion repeat mode, the latest conversion value is latched in ADREG. Except
during the first A/D conversion, ADREG can be read any time.)

In RUN mode, only A/D conversion repeat mode is enabled. That is, A/D conversion is
repeatedly performed.

MCU90-151
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3.16.2 Control Registers

The A/D converter is controlled by the A/D converter mode register, ADMOD, and the
port 6 control register, PBCR. The result of A/D conversion is saved in the A/D
conversion value register, ADREG.

Figures 3.16 (2) -1 and -2 show A/D converter related registers.

A/D Converter Mode Register

7 ¢ & i 5 i 4 i\ 3 i 2 i 1 i 0
ADMOD | bit Symbol ADS2 | ADBF ; ADS i(Note) | ADCH3 | ADCH2 @ ADCH1 | ADCHO
- 7 7 (Always :
(FFEOH) | Read/Write W R :  RW write 0%, | RAW .
Prohibit | yalue after Tt 0 i 0 0 i 0 o0 i 0
read- * * : : + =
modify- Function AD : A/D :A/D : : Analog Input Channel Select
write. conversion: conversion: conversion :
repeat i busy flag : start ! H
control  :0:Don’t :0:Stop §
0:Single : Busy i1:5tart :
1: Repeat ; 1: Busy :
|

!

Analog input channel select

P6CR <PGM >

0 1
0000 | ANOD | ANOO

AD conversionrepeatcontrol | 1 eneete el e

0 |A/D conversionsingle “to00 | ] “ANTD
o fmode L e I ANI1
1 | A/D conversion repeat 1010 | Cannot | AN1Z
mode 011 beused. | AN13
1100
A/D conversion busy flag “T101” Cannot
0 |A/D conversion not busy RS be used.
.................................................... 1111
1 | A/D conversion busy

A/D conversion start

0 | No A/D conversion

1 AJD conversion start

(Note) Afterwriting 1" to
<ADS>, do not write
"1"” again.

Figures 3.16 (2)- 1 A/D Converter Related Register
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AJD Conversion Value Register

7o 6 15 b4 b3 1 R
ADREG | bitSymbol
(FFETH} [Read/Write R
yeasleute after Undefined
Function Saves A/D conversion result.
Port 6 Control Register
7 . 6 ;5 4 3 02 P
pecR | bit Symbol {(Note) Always write P6M P63C i P62C : PEIC | PeAC
; g : : :
(FFCDH) | Read/Write : RAW RAW
Value after :
reset : 0 0
Function : A/D input 0:In
; control 1:0ut
Q: Port
1: A/ID (Specifies I/O in units of bits.)
input
L J

:

See 3.5.7, Port 6.

Port 6 (P60 to P63) setting

0 |Porté
1 |A/Dinput {AN10to
AN13)

Figure 3.16 (2)-2 A/D Converter Related Register
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4. ELECTRICAL CHARACTERISTICS
4,17 Absolute Maximum Ratings
Parameter Symbol Pins Rating Unit
Power supply voltage Ve -05tc +6.5 v
input voltage . ViN -05toVec+05 | V
Qutput voltage VouTt -0.5toVec+0.5 \")
E:}:,)Létrpr;icnu) rrent lout1 | P20 -20
P00 to P03, P10 10 P13, P30 to P34, mA
louT2 -3
P40 to P47, P60 to P63
louts | PO4to P07, P24 to P27, PWO, PW1. 30
louts | P20 20
louts | P21to P23 10
loute ' POOto P03, P101to P13, P30 to P34, 5
P40 to P47, P60 to P63
loyt7 | P37 3.5
Total Input/Output current Sloyti | Total current for lgytt and lpyT2. -60
{all pins) mA
ZloyTz | Total current for lgyTts to louTs. 120
?Toggi; d;asyé?tion Por Flat_ package 500 "y
Pps Shrink DIP package 600
Soldering temperature {time) | TSOLDER 260 (10s) °C
Storage temperature TstG -65to +150 °C
QOperating temperature TopPR -20to +70 °C
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4.2 DC Electrical Characteristics

Vee=5V110% Ta= - 2010 70 °C fosc = 10 MHz
Typical values are when Vec =5V and Ta=25°C.

Parameter Symbo! Min Typ Max Unit Test Conditions
lnplut Low ViL -0.3 0.3Vce Y
Voltage — -
_ Schmittinput circuit
Vit 0.3 0.23Vec | V' 153310 P35, PE4 to P67, RESET
ViLz -0.3 0.2Vec vV X1
Input High ViH 0.7Vcc Vec+0.3 Y
Voltage — —
Schmittinput dircuit
Vinr | 0.75Vec Veer03 1 V' 1 b3346 P35, P64 to P67, RESET
VIH32 0.8Vcc Vec+0.3 v X1
Output Low Vol 0.45 V lloL=1.6mA
Valtage
Output High VOH 2.4 V  |lon= - 200 uA
Valtage
VoH1 0.9Vcc V |log= -20 uA
Qutput Low loL 2 mA Vo, =0.45V /P37
Current VoL =1.0V/ P04 to P07, P24 to
n = :
{(opendrain ports) | 145 20 mA P27, PWO, PW1
loLs 5 mA |Vo =045V /P211o P23
Output Low loLc 10 15 mA |VoL=10V/P20
Current
Qutput High loHC -15 -10 mA |Vor=2.4V/P20
Current
Hysteresis Voltage | Vyg 0.7 V. |Vee=5V, Ta=25°C
Input Leakage Iy 0.02 +10 A (025 VinEVCC-0.2
Current
Output Leakage iLo 0.05 20 #A |02 VINSVCC-0.2
Current
Power Down Vsrop 2 6 V | atSTOP Mode
Voltage RAM BACK UP
RESET pull-up IrsT 30 110 HA
current
Operating lcca 15 50 mA |fosc=10 MHz
Current

4.3 ACElectrical Characteristics

Vec=5V£10% Ta= —20to 70°C

10 MHz Clock i
Symbol ltem Unit
Min Max
tosc OSC. Period 100 ns
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4.4 8-bit Event Counter

Vee=5V110%,Ta= ~20t0 70°C

10 MHz Clock )
Symbol Parameter Unit
Min Max
tyek External input clock cycle { TIQ, Ti1, C-FG, PCTL) 900 ns
tvckL | External input Low clock pulse width 440 ns
tyckH | External input High clock pulse width 440 ns

4.5 Serial Channel Timing

Vee=5V*10% Ta= -20t070°C C . =50pF

Symbol Parameter Condition 19 MHz Clock Unit
Min Max
@TBCZ (8¢ 800
. . Internal i
tscy Serial Port Clock Cycle Time (@TBC6 (128Hc)| 12800 ns
External 1600
. Internal
tscL SCLK Low Width (@TBCH (128/fc) | 6350 ns
External 750
@IBC2 (8/1¢C) 350
. ) Internal
tsch | SCLK High Width @TBC6 (128/fc) | 6350 ns
External 750
SCLK = TxD (Output Data} Internal 150
tskpo . ns
delay time External 700
SCLK Rising Edge to Input Internal 640
tsro . ns
DATA Valid External 1900
¢ Input Data Hold After SCLK Internal 200 s
HSR Rising Edge External 700
4.6 A/D Conversion Characteristics
Vec=5V110%,Ta= ~201t070°C, fosc =10 MHz
Symbol Parameter Min Typ Max Unit
VRer  |Analog reference voltage Vee-1.5 Vee Vce
AGND | Analog reference voltage Vss Vss Vss Vv
Vain | Allowable analog input voltage Vss Ve
IRE Supply current for analog reference 0.6 1.0 mA
voltage
Total error
LSB
EMMOr | (Ta=25C, Vec=VREF=5V) 3
MCU90-156
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4.7 Interrupt Operation

Vee=5V*210%,Ta= -20t0 70°C

10MHz Clock
Symbol Parameter Unit
Min Max

tINTAL | INTO Low-level pulse width (T ) 400 ns

tinTaH | INTO High-level pulse width (_ L ) 400 ns

tntaL | INT1, INT2 Low-level pulse width (71" ) 900 ns

tintaH | INT1, INT2 High-level pulse width (_™_ ) 900 ns

4.8 Serial Channel Timing Charts
EXTERNAL tscy N
- 5 ————» tscH
SCLK \ i N /
tskpo_, |<_
TxD "L X_
{OQUTPUT DATA) tsrD
tHSR
RxD X valD X X VALD
{INPUT DATA)
INTERNAL
tscy
tsa || tscH
SCLK \ d
tskpo
TxD N X ‘X
{OUTPUT DATA) - >
tsrRD
THSR
RxD X MALIDXY Y VALIDX
(INPUT DATAJ _
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5. TABLE OF SPECIAL FUNCTION REGISTERS (SFR)}

Special function registers (SFR) are registers used to control I/O ports and
peripherals. They are assigned to the 64-byte address space from OFFCOH to OFFFFH.

1) T/Oport
2) I/O port control
3) Watchdog timer/time base counter/interrupt control
4) Servoinput control
5) P-CTL (VISS/VASS)/C-Sync control
6) Capture control
7) TPG control
8) Timer/PWM control

9) Serial channel control

10) A/D converter control
Table configuration '
Symbol Name Address |7 6 /{ 1 0
\{ —» bit Symbol
\\ —» Read / Write
n —» Initial value at reset
/ / . —» Function
020289
Table of TMP91C642A SFR Addresses
Address Symbol Address Symbol Address Symbol Address Symbol
FFCO |PO FFDO | TREGO (TCUTO) FFEO [ADMOD FFFO |PCFCR1
FFC1 [POCR FFD1 |TREG1 (TCUT1) FFE1 |ADREG FFF1 |PCDFCR
FFC2 [P FFD2 |TCLK(TMRO1CR} | FFE2 [SCOBUF FFF2 |PCFSCR
FFC3 |P1CR FFD3 {TCUT2 FFE3 |SCOMOD FFF3 |PCTLD
FFC4 {P2 FFD4 |TREG2 FFE4 |SCIBUF FFF4 | TPOODARO(TPO1DARO)
FFCS |P2CR FFD5 |{TMR2CR FFES {SCIMOD FFF5 |TPOODAR1({TPO1DART)
FFC6 |P3 FFD6 |TCUT3 FFE6 |WDMOD FFF6 | TPCODARO(TPC1DARD)
FFC7 |P3CR FFD7 |TREG3 FFE7 |WDCR FFF7. | TPCODARI{TPC1DAR1)
FFC8 |P4 FFDB |TMR3CR FFES |TBMOD FFF8 | TPGREGO
FFCO |P4CR FFD9 |TFFCR FFE9 [INTEL FFF3 |TPGREG]1
FFCA [P4MR FFDA |TRUN FFEA |INTEH{DMAEL) | FFFA |CAPREGO
FFCB |P5 FFDE |PWMSDR FFEB |DMAEH FFF8 |CAPREG1
FFCC IP6 FFDC |PWMDRO FFEC |IRFL FFFC {CAPREG2
FFCD |P6CR FFDD |PWMDROB FFED |IRFH FFFD |CAPFST
FFCE [SINCR FFDE |PWMDR1 FEEE |SSINCR1 FFFE |SVCFREG
FFCF |SYNCDV FFDF_{PWMDR1B FFEF | CSYNCR FFFF__|SSINCR2
MCU90-158
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) VOport
MSB Y}
Symbol | Name | Address 7 6 5 4 3 2 1 0
PO Porto OFFCOH Po7 1 po6 i p0s  :  poa i P03\ poz i Pl :  poo
{Prohibit RAW
RMW) Input mode
Alsa used for TPG output (TPGO-0 to TPGO-7) / 3-state output only for POO
P Port1 OFFC2H : P13 : P12 P11 P10
{Prohibit 5 : : ? RIW
RMW) : ; Input mode
{ Also used for TRG output {TPGO-8 16 0-11/TPG1-8 10 1-11)
i /3-state outputonly for P10
P2 Port2 OFFCAH P27 i P e e i e . ez . pa | e
i {Prohibit RAW
RMW) Input mode
1 Also used for TPG output {TPG1-0 to TPG1-7) f3-state output anly for P20
P3 Port3 OFFCEH P37 i P36 . P35 i ez i ez . P2 . pm_ | pa0
AW R R/W
PWHMB oulput Input only input mode
Also used for | Also used i Absoused ! Alsoused i Alsoused |
TOV/PWME ©  forINT1  © forINTD :  forEXT | forCSync : ;
P4 Portd OFFCBH Pa7 i pag i Pas i paa i pa3  ©  pa2 i par i pag
RAW
input mode
Alsousedfor i Alsoused [ Alsoused  Alsoused i Aboused  Alsoused i Alsoused ! Alsoused
T P forTIOANT2 | forRxD1 i forTxD1  : forSCLK1 | forRxDO : forTxDO : for SCLKO
P5 Ports OFFCBH PsT_ 1 Pse i pss i psa L es3 1 es2 i et pso
R
Input only
Also used for analog input pin (ANGO to ANO7Z)
P6 Ports OFFCCH P67 1 P66 i Pes i P64 i Pe3 i pg2 i PGl i P60
R : R/W
input only Input mode
Alsa used for servo signal trigger input {CAPQ to CAP3) Also used for analog input pin (AN10 to AN13)

*1) <P37> datacan be read from the port output latch. The port is for output only.

(Note) Read/Write

R/IW : Either read or write is possible.
R :  Only read is possible.
A . Only write is possible.
Prohibit RMW : Prohibit read-modify-write. (RES or SET instruction cannot
be used.)
MCU90-159
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2) /O port control

MsSB LSB
Symbol | Name | Address 7 6 5 4 i 3 2 1 0
POCR Portd OFFCIH : p2s POS POC
Control w W w
Reg. :
: : % : 0 : 0
: “Outputof  :Outputof  : ppcontrol
: iP203-state  :POO3-state .. o ;
Prohibi : {TPG1-15  i{TPGO-15  iU° i
(Prohibit : :control) : control) i1:0ut
RMW) i0:Disable  10:Disable
: : : i1:Enable  [1:Enable )
PICR Portt OFFC3H { (Note) {oteeiM i mis i p13c i p1aC P11C P10C .
Control : : :
cr;:gr-o Sflv‘\:ays write | w : w w ;
2o ; o 0 0
: TPG output | E;‘Jf;“t of 0:ln
i control (TPG(;-S::‘/e 1:0u
: {0:TPGO  : TPGI-14 {Specifies KK in units of bits)
{Prahibit : 1 1:TPGI i control) :
; : :0: Disable !
RMW) S H i1: Enable ; !
PZCR Port2 OFFCSH pP27C P26C P25C P24C P23C . P22C P21C P20C i
Control W '
Reg.
(Prohibit [}
RMW) 0:in 1 : Qut {Specifies KO in units of bits)
P3CR Port3 OFFCTH iopatm i pasm P34C pasc ¢ P3¢ i p3C i p30C
Control : RAW AW . AW
Reg. +
0 : o a
+ P37 function : NTO control : 0:ln
ontrol T level : 1:0ut
-PwmaTo1; O leve Fout
-Port 11: Tedge {Specifies O in units of bits)
P4ACR Portd OFFC9H PAZC Pa6C : P45C paac Pa3C P42C PA1C P40C
Control RIW
Reg.
0
0:In 1: Out (Specifies IO in units of bits)
PAMR Portd OFFCAH : P4sM P&4M P4zM FA1M
Mode : : PoRw RIW RIW RIW
Control - - - -
Reg. : : H 0 0 H [} 0
: : 15101 receive :SI01send i SIOO receive | S100send
: * control ‘contral : control : control
: 0: Port 0:Port 0:Port 0: Port
: 1: RxD1 1: TxD1 1:RxDO 1:TxDO
P6CR Port6 OFFCOH i (Note) Alwayswrite “0", i P6M PE3C P62C P6IC PEOC
Control : : RAW RAW
Reg. —
: P 0
: ADiInput 0:in
icontrol 1:0Qut
i0:Port : {$pecifies 1O in units of bits)
11: A/Dinput
SINCR Servo OFFCEH P CSyne EXT P-CTL CFG D-PG 0-FG
Input Poasw RIW RIW RIW RIW RIW
Contro} : ; + +
Reqg. : 0 : Q : 0 13 : 0 ]
. Servo Input Singnai
0: Enable
1: Disable
MCU90-160
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3) Watchdog/time base counter/interrupt control

MSB LS8
Symbol | Name | Address 7 6 5 4 5 3 : 2 i 1 0
WOMOD | WatchDog |  OFFEGH ! fTBCZ i FTBCI ! WOTE i FTPG | MWALT | EXF |  DRVE
Timer Mode PORW D RW L RW L RW G RW R i Rw
Reg. T 4 " T ; " T
0 : 0 : 1 H 0 : 0 ¢ Undefined 0
I1:TBC1Sto :1:TBC1Ito i 1:WDT (1:TPGOtO D HALT linverted by  :1: Drives pin
R HEE | i Enable ! 13 ; mode iexecutionof | inSTOP
interrupt ©  interrupt : I nterrupt 10:RUN ithe EXX : mode.
flag i flag I flag i mode  linstruction.
: : : 11:8TOP :
: mode
wocr | WatchDog | grpezn
Timer Control
w
Reg.
B1H : WDT Disable Code 4EH : WDT Clear Code
TBMOD | TimeBase | OFFEBH ©oBCCR L INTSZ L INTS1 INTTBC2 : INTTBCS
C°““;9'M°de Corw L RW D RIW RIW : RIW
eg. : : : : : H
0 : 0 : 0 : ) : o : 0 : 0
TBC clear ETBC.interruptenab!e TBC interrupt source select 2 §TBCinterruptsourceselect1
0: - ; register 100:TBC1S 100:TBCHY
i1 Clear 0 : Disable 101:TBCIG 101:TBC12
: 1:INTTBCY '10: TRC17 110 : TBC13
: 10 INT TBC2 S11:TBC18 S11:TBCHA
{11 INTTBCT &INTTBCZ | !
INTEL | interrupt | OFFE9H ENISIO  ©  ENMO  ENTI © ENIT2 | ENIT2 i ENITE i ENI i ENVA
Enable Mask RAW
Reg. - ; ; T : . :
g o i o0 i o i 9o i o i o i g i 9
1: Enable 0: Disable
JINTEH OFFEAH | (Note) : DEO I ODECAP D YDEAD i INT2S . ENI0 i ENICAP | *ENIAD
Al ite ! :
{DMAEL) nov‘yays il AW 1 A
: 0 : 0 : 0 : 0 : 0 : 0 : 0
ble 0:Oisabl [OINTVA le ©: Disabl
: 1: Enable : Cusable I10INT2 : 1:Enable : Disable
DMAEH Micro OFFEBH | (Note) { opevo i DETT i DETZ : DET3 G DETB :  DE\ . ODE2VA
DMA Enable ';‘l')‘{f’ays"‘""? : W
Flag : T : T T T "
0 : 0 : 0 : 0 : 0 : 0 : 0
1: Enable 0 Disable
IRFL Interrupt OFFECH PomE0 1 RECAR i "weap : I SIOWF : SIOOF
Request R : R R
Fiag : ; H " T F
0 : 0 : 0 : : : ] : [
Interrupt request flag ;115100 1:5100
1< Interrupt being requested : : ‘Request :Reguest
{RFH OFFEDH IRFSIO ¢ IRFTO ©  IRFT1 ¢ IRET2 | IRFT3 |  RFTB | IRFY ! IRF2VA
R (OnlyIRF clear code can be used towrite )
(Peohibit o 1 e i o i o i o i o i o i q
PMW) 1 :interrupt being requested. (IRF 15 cleared to "0” by writting IRF clear tade )

{DMAEL) is a synonym for INTEH
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4)  Servo input control
MSB LSB
Symbo! Name Address 7 6 5 4 3 2 1 0
SINCR Servo OFFCEH C-Sync EXT P-CTL C-FG D-PG O-FG
input RIW R/IW RIW  § R/IW i RIW RIW
Control o o P : " : o 0
Reg. : :
Servo Input Signal
0: Enable
1 : Disable
SSINCR1 Servo OFFEEH EXTPO DFGPO CFWPR CFWEG : DPFG DPGPO DPGIN
Signal w W, w w w w : R
Control ; : . : H
Reg.1 : (] H 0 : 0 0 : 0 : 0 : Q
’ IEXTEdge [ DFGEdge  CFG frequency (CFG Edge IDFG/DPG DPGEdge :DPGEdge
erohibit iDetection ! Detection g'e\ilesggr iDetection [ Syncregister i Detection  : DetectFlag
{Prohibi ig: 1 00 7 gea 0:1 {0:Disable  i0: 7 11: D-PG edge
RMW) HE 1 i1 1 12 i 1 {1:Enable :1: 1 P detect
$SINCR2 Servo QFFFFH : : : : TP DFMA | PB I CFGMCP
Signal RIW RIW 1 RiwW R
Control B B N
R : 0 : [} : 0 : Undefined
eg.2 H H
TPGG/TPGT : 1 CFG
{Reg. Control ! " : . :Ialfu nction
L i Flag
50 1 TPGO 1 1: Malfunction
1 TPGI I detect
CSYNCR C-Sync OFFEFH CSYNCF TPGF PCTPO QEDR NPS I CTLDTY VISSFL VASSFL
Control RW v L ow 1 g R i rR ! R R
Reg. M H H H .
: 0o i o i o i o 0 i o0 i o o
V-Sync ‘Pseudo V LPCTL :Odd/even :60/50 P P-CTLDuty :ViSSdetect :VASS detect
Detection gDetection : Signal piscrirnination discrimination: 0: < 50% : fla : flag
{Prohibit | Flag :Flag ; Control iresult tresult i1:250%  i0: - 0 -
1:Vv-Sync  :1: embedded: 0: Forward : Odd 10:60 : $1:VISSdata :1:VASSdata
RMW) *3 ] : 1:Reverse : Even 11:50 : :
SVCFREG Servo OFFFEH VASFRS VASFRS TPFRS1 TPFRSO I CFGFRS DPGFRS CASFWR CAFRS
Flag e
Contral : : RV {Always :0 atread.) : :
Reg. 0 ! 0 : 0 H 0 : 0 : 0 : -0 : 0
VISS SVASS : TPGY TPGO 1C-FG 1 D-PG : Software : Capture
Status Status : FIFQ :FIFO *Malfunction ! Input Status : Capture L FIFO
Fla iFlag : Counter :Counter iFlag i Fla i Counter
0: - b - 0 - W0 - 0 - 0 - 0 - 0: -
1:Clear 1 : Clear : 1: Reset : Reset - 1: Clear s 1: Clear : 1: Capture : Reset
PCFCR1 C-FG Mask OFFFOH CFMSK3 CFMSK2 CFMISKA CFMSKO VIsS3 VIss2 VISS1 VvISSO
fVISS w - W
Control {Prohibit 0 : 0 : 0 : (i ) : 0 : o 0
Reg.
9 RMW) C-FG Mask Time Control VISS discrimination cantrol
PCDFCR P-CTL OFFF1R DFGPR2 DFGPR1 : OFGPRO PCTPR4 PCTPR3 : PCTPR2 : PCTPR1 PCTPRG
/D-FG w w
Control {Prohibit 0 : 0 e : 0 0 : 0 0 0
Reg. T
9 RMW) D-FG 3bit Prescaler Control P-CTL Sbit Prescaler Control
PCFSCR P-CTL DF‘FFZH DVS PCTLCK2 PCTLCKA CFGPR4 CFGPR3 CFGPR2 CFGPRY CFGPRO
6 w w w
Signal 0 i 0 S I | 0 ) P 0
Control SYNCDV ! PCTL Duty Detection : C-FG 5bit Prescaler Contro!
Reg. Reg.  Input Clock
Select 100:TBCZ 10:7TBC6
(Prohibit |0 VPD.SYNCE 01:7TBC4 11:7BCY
RMW) 1:FEP

*1: Input signal control for 60/50 field discrimination 0: TPGO-1 (D-FF) 1 : TPG1-13 (embedded VF)
*2 : Output control of V-Sync detector 0 : Enable 1: Disable

*3: Write 17 after read.

MCU90-162

‘BN 9097249 0043429 487 BN




TOSHIBA

TMP91C642A
5)  P-CTL(VISS/VASS)/ C-Sync control
MSB LSB
Symbol | Name | Address 7 6 5 4 : 3 2 i 1 0
PCFCR1 C-FG Mask OFFFOH CFMSK3 CFMSK2 CFMSK1 CFMSKO VISS3 VISs2 VISST VISS0
fwiss W W
Contral (Prahibit 0 : 0 : 0 0 0 0 ; 0 0
Req.
< RMW) C-FG Mask Time Control VIS8 discrimination control
PCFSCR P-CTL QFFF2H DVS PCTLCK2Z : PCTLCK CFGPR4 CFGPR3 : CFGPR2 : CFGPR1 CFGPRO
HC-FG w W w
Signal I o i o i g i ¢ 0
Controf SYNCOVReq. ! per| pyty Detection C-FG Sbit Prescaler Control
Reg. . Select : Input Clock
(Prohibit | . uon sync:00: TBC2 10 : TBCE
RMWY) 1:FEP :01:T8C4  11:TBC8
SYNCDV C-Sync OFFCFH : SYNPG2 SYNPO1 SYNPOO VPPO4A VPPO3 VPPOZ VPPO1
Input (<DVS> w W
Control =0) T R
Reg. (Prohibit o : 0 0 0 0 : 0 9
RMW) C-Syncmask control C-$ync frequency divider control
Even’/Odd | (<DVS> : : ' repO2 FEPDT  ©  FEPOO
Sampting =1) w
Controi . ;
{Prahibit 0 : 0 0
Reg.
RMW) Even/Odd judgement
PCTLD VASS OFFF3H VASS? VAS56 VASSS VASS4 VASS3 VASS2 VASS1 VASSO
Data o) R
Reg. T
0 o} 0 0 : 0 0 0 0
VASS Data Low Byte
VASSF VASSE VASSD VASSC VASSB VASSA VASSY VASSS
@ R
0 0 0 0 : 0 0 0 ¢
VASS Data High Byte
CSYNCR C-Syn¢ QFFEFH CSYNCF TPGF PCTPO OEDR NPS CTLDTY VISSFL VASSFL
Control AW RAW w R : R R : R R
Reg. B : H H
0 : 0 B 0 : 0 : ¢ : 0 : 0 : 0
V-Sync iPseudo v : PCTL : Oddleven  : 60/50 (P-CTLDUty @ VISSdetect : VASS detect
Detection :detection flag | Signal tdiscriminati C discriminati (0 < 50% : fla . fla
(Prohibit | Flag i1 Embedded: Control fonresult  onresult 1#50% 0 - 10: -
1:V-Sync : *3 10 Forward 1 0:0dd :0:60 T 1:VISSdata 1 1:VASSdata
RMW} *3 :1:Reverse  :1:Even 11:50 : :
SVCFREG Servo OFFFEH VISFRS VASFRS TPFRS1 TPFRSO |  CFGERS DPGFRS CASFWR CAFRS
Fiag RAW (Always “0" at read)
Control - g - - :
Reg. 0 : 0 : 0 ; 0 H 0 : 0 H % f 0
VISS IVASS 1 TPG1 $TPGO L GFG : D-PG i Software : Capture
Status Status : FIFQ : FIFO ¢ Malfunction ! InputStatus : Capture T FIFD
Fla :Flag : Counter : Counter iFla : Flag : Counter
0: - 00 - HOBSEES HU R 0 - 100 - 00 - 0 -
1:Clear :1:Clear . 1: Reset 1 1: Reset st Clear i 1:Clear Sl Capture 1 1:Reset
SSINCR2 Servo OFFFFH : H : : TP DFMA PB CFGMCP
Signal RfiW R/IW R/W R
Control 0 0 i Undefined
Reg.2 : : :
LTPGO/TRGY | AT
: : : *Malfunction
: Reg. Control : . : . Fla
f0:TPGO ! : 2 2
11:TPGT ¢ Matfunction

gerect

*1:input signal control for 60/50 field discrimination @ TPGO-1 {D-FF) 1:TPG1-13 {embedded VP)
*2: Output control of V-Sync detector 0 : Enable 1: Disable
*3:Write "1" after read.

MCU90-163

B 9097249 0043430 179 MW




TOSHIBA TMP91C642A
6) Capture control
MSB LSB
Symbol | Name | Address 7 i+ 8 1 5 4 3 y 2 O
CAPFST Capture OFFFDH CAPF7 CAPF6 " CAPES CAPF4 CAPF3 CAPF2 CAPF1 CAPFO
FIFQ R
Status T - -
Reg. ] : a : 0 4] 0 0 0 0
0: Nodata 1:Data
CAPREGD Capture OFFFAH CAPDT | CAPD6 CAPDS CAPD4 CAPD3 CAPD2 CAPDY CAPDD
Data0
R
Reg.
Undefined
Capture Data Low Byte
CAPREG1 Capture OFFFBH CAPD1S CAPD14 | CAPD13 CAPD1Z : CAPDY? CAPDID i CAPDS CAPDE
Datal R
Reg.
Undefined
Capture Data Middle Byte
CAPREG2 Capture OFFFCH EXT P-CTL D-PG C-SYNC C-FG D-FG CAPD17 : CAPDI16
Data2 R R
Reg. H
Undefined : Undetined
Capture Input Status i Capture Data High Byte
SVCFREG Servo OFFFEH VISFRS VASFRS TPERST | TPFRS0 CFGFRS DPGFRS CASFWR |  CAFRS
Flag e
Control . : RAN (Always : 0" atread.) : .
Reg. 0 : Q : [ : [ 0 : 9 : 0 : 0
VISS i VASS LTPGY : TPGO LCFG :D-PG iSoftware I Capture
Status : Status FIFO LFIFO { Malfunction : Input Status : Capture $FIFQ
Flag i Flag : Counter : Counter i Flag i Flag : Counter
6: - (0 - 10 - i0: - 10: - 0: - 0: - 0 -
1: Clear 1 1:Clear i 1: Reset i 1: Reset i 1:Clear i 1:Clear i 1:Capture {1:Reset
7)  TPG control (1/2)
MSEB Ls8
Symbol | Name | Address 7 i 6 i 5 i 4 3 2 P
TPGREGO TPGO OFFF8H EMPINTO TPFULD TPEMPO TPFO2 TPFOY TPFOG
Status w R R R
Reg. B T 7
: 0 ; 0 : 1 ; 0 : 0 : 0
: TPGOData  : TPGO : TPGO | TPGO FIFO Status Flag
: Empty i Data Full ‘ DataEmpty | 000 emptyffull 100 datad
' Interrupt ' Flag - Flag _ 001 data 101 data s
 Control : 010 data 2 110 data 6
: 0 Disabl . . : 011 data3 111 data?
;0:Disable 2 0: - 100 - { Emptywhen <TPEMPO> =1 and the
hibi {1:Enable  1:Full (1 Empty  :flag =000
{Prohibit : H H : Fullwhen <TPFULO> = 1 and the
RMW} : flag =000
TPGREG1 TPG1 OFFFSH EMPINT1 TRPFULY TPEMP1 TPF12 TPF11 TPF10
Status w R R R
Reg. : T T
: 0 : 0 H 1 H 0 : 0 : 0
i TPG1Data : TPGH :TPGY S 7PG1 FIFO Status Flag
L Empty : Data Full : Data Empty 000 empty/full 100 datad
* Interrupt : Flag  Flag 1 001 datai 101 datas
¥ H H 1010 data 2 110 data6
: | : H H
: Crtmt.ro bl 1. 1. 1011 data3 111 data?
: 0:Disable 0: - 50 - : Empty when <TPEMP1>> =1 and the
. t1:tnable  :1:Full D1IEMPYY  :flag =000
(Prohibit : : : : Full when <TPFUL1> =  and the
RMW) ! flag =000
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7)  TPG control (2/2)

MSB LSB
Symbol Name | Address 7 6 ? S 4 . 3 2 : 1 : ]
TPCODARG TG OFFFEH TRCO7 i TPCOS . TPCOS | Tpcoa i TPCOZ | TPCOZ  :  TRCOY | TPCOO
Comparate (<TP>=0) w
Data
Reg.0 (Prohibit Undefined
_____________ RMW) TPGO-0 to TPGO-7 comparate data register
TPCIDARD OFFFEH Tty 1 TRCI6 [ TPCIS . TPCIA 1 TPCIZ 1 TPCI2 : TPCIT ¢ TRCIO
(<TP>=1) W
(Prohibit Undefined
RMW) TPG1-0to TPG1-7 comparate data register
TPCODARI TG OFFF7H TRCOF  ©  JPCOE ©  TPCOD  :  TPCOC G  TPCOB | TPCOA | TPCOS | TPcos
Comparate [<TP> =0) W
Data
Reg.1 (Prohibit Undefined
R} TPGOQ-8 to TPGO-15 comparate data register
TPCIDARI OFFF7H TRCIF  © TPCIE. | TRCID P TRCIC 1 TPCIB . TRCIA ¢ TPCI9 i TPCIB
{<TP>=1) w
{Prohibit Undefined
RMIW) TPG1-8 to TPG1-15 comparate data register
TPOODARD 6 OFFF4H TPOOT . TPODE . TPOOS i TPOO4 :  TPGO3 TPOG2 | TPOOY ©  TPOOD
Qutput Data {<TP>=0) w
Reg.0
(Prohibit Undefined
RMW) TPGO-0 to TPGO-7 output data register
TPOIDARD OFFF4H TPOVZ 1 TPOI6 | TPOTS 1 TeOTa i TPOY3 [ TPGI2 1 TPOI1 i TRO1O
(<TP>=1) w
(Prohibit Undefined
RMW) TPG1-0to TPG1-7 output data register
TPOODARI G OFFFSH TPOOF { TPODE i TPOOD | TPOOC | TPOOB | TPOOA | TPOOS TPOOS
Quiput Data | (<TP> =0} W
Reg.1 .
{Prohibit Undefined
RMW)
TPGO-8 to TPGO-15 output data register
TPO1DAR1 OFFFSH TPOIF © TPOIE ! TPOID | TPOIC i TPOIB . TROIA i TPOI9 : TPO1S
(<TP>=1) W
(Prohibit Undefined
RMW)
TPG1-6 10 TPG1-15 output data register
SVCFREG Servo OFFFEH VISFRS i VASFRS i TPFRS1 | TPERSD | CFGFRS | DPGFRS | CASFWR |  CAFRS
flag RAW {Always "0” at read.)
Control - - - - ; - -
Reg. 0 : 0 : 0 : 1 : o : 0 : 0 : 0
VISS I VASS 1TPGY : TPGO FCFG i D-FG i Software : Capture
Status  Status I FIFD S FIFO : Malfunction { Input : Captur SFIFD
Flag i Flag ! Counter i Counter i Flag i StatusFlag | i Counter
0: - : - 0 - 0 - (0 - 10 - %0: - 0 -
1 Clear : Clear 11 Reset 17 : Reset 11 Clear i 1:Clear i 1:Capture  1:Reset
SSINCRZ Servo OFFFFH : : : : TP I DRMA PB . CFGMCP
Signal : : : Pomiw b RIW D RiwW D R
Control i : : ' ] 0 0 : Undefined
Reg. 2 H N T H
LTPGOITPGY | A
: : : Malfunction
: Reg. Controt 1 : n “Fla
10:TPGO : : 2 i N?" )
S1:TRGT : 1 tallunedion
H detect

*1: Input signal control for 60/50 field discrimination 0: TPGO-1 (D-FF) 1: TPG1-13 {embedded vP}
*2 . Output control of V-Sync detector 0 : Enable 1: Disable
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8) Timer/PWM control (1/2)
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MsB LS8
Symbol Name Address 7 -6 5 4 3 2 1 0
TREGO 8bit Timer QFFDOH -
(TCuTo) Reg.0 {Prohibit w
RMWY) Undefined
8bit Timer QFFDOH -
Count {Prohibit R
Data Reg.0 R
RVIW) Undefined
TREGI 8bit Timer OFFD1H -
{TeuTy Reg.1 (Prohibit w
RMW} Undefined
8bit Timer OFFD1H -
Count {Prohibit R
DataReg.1 -
RMW) Undefined
TCLK Timer0, 1 OFFD2H CLBC16 CLBCY CLBCo TMOD TICLKY i OTICLKO TOCLK1 TOCLKO
rrKcer | Contral RIW RIW RIW RIW i RIW H RIW
Reg. T H : H H H
0 : 0 : g : 0 : 0 0 0 : 0
16-bit i Timer 1 : Timer 0 ; Timer Mode : Timer 1 CLK-in control i Timer 0 CLK-in controt
timer/counter: counter ! counter 1 01 8bit 1 00: TOOTRG 1 00:TBC2
clear control : clear control ! clear control i 1: 16bit 101:78C2 ;01:7BC6
0:Disable {0:Ditable |0:Disable ;10: 7806 : :(":'T"’C‘o
1:Enable :1:Enable i1:Enable H 11:78C10 P 10
TCUT2 8bit Timer OFFD3H -
Count R
Data Reg.2 .
Undefined
TREG2 | 8bitTimer | OFFDaH -
Reg.2 (Prohibit w
RMW) Undefined
TMR2CR Timer 2 OFFDSH CLBC21 CLBC20 T2CLK1 ‘ T2CLKO
Control RW RW RW
Reg. . T
0 0 0 : 0
: Counter : Counter  Timer 2 CLK-in control
 clear control {3oftware g4 7pc2
[0:Disable e {01 :TBCB
I1:Enable . :10:T0
: : 1: Clear 111:0FG
TCUT3 8bit Timer OFFD6H -
Count RAW
Oata Reg.3
Undefined
TREG3 8bit Timer QFFD7H -
Reg.3 {Prahibit w
RMW) Undefined
TMR3CR Timer3 OFFD8H INTC1 : INTCC BC : CLBC30 UDCON T3CLKY TICLKO
Control RAW AW i RW RAW RW
Reg. T " p a
0 : [} H 0 [ 0 0 : 0
¢ INTT3 interrupt control i Counter t Counter : Counter { Timer 3 CLK-in control
: 00: Disable INT i clearcontrol : SoftClear  iup/down  :00:TBC2
1 01 Match detect signal :0:Disable  10: - : control 1901:TBCE
i output {1:Enable :1:Clear i0:Up $10:Th
: 10: Qverflow : : 1. pown : 11:PCTL
:11: Match detect signal : :
: output and overflow :
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8)  Timer/PWM control (2/2)
MsB LSB
Symbol Name | Address 7 6 : 5 4 3 2 1 0
TFFCR 8bit Timer QFFD9H {Note) : TOSEL TFECT : TFFCO TFFIE TFRIS
Flip-Flop .:ll\:vays write : AW W R
Controi E -
Reg. 0 - 0 : ]
HLE PR TLCTT S — ITFFInvert 0 :inverted
prohibi : select 100 : Clear TFF 1 0: Diable y timer 0
(Prohibit F0:PWMS  101:SetTRF i 1:Enable : Inverted
RMW) 11:701 : 10 Invert TFF : ¥ timer 1
: 111: Dontcare
TRUN Timer & PwWn|  OFFDAH RUNP2WA RUNPWO RUNPWS T3RUN T2ZRUN TIRUN TORUN
Run/5top RAY RAW RAW RAW RAW RAW RAW
Control : : :
Reg. ¢ : 0 H 0 0 : 0 0 : )
W0, 1 Run/Stop Control :Wr:;a Timer Run/Stap Control Timer Run/Stop Control
10:Stop Cu" t?p i 0:Stop i 0:Stop&Clear
1 1:Run{Count up) : ontro 1:Run 1: Run {Count up)
(Count up}
PWMB8DR PWMB OFFDBH PW3D7 PWB8D6 ) PWS8DS PWBDa PWBD3 PWS8D2 PWBD1 PWBD0O
DataReg. | (pronibit . w
RMIW) Undefined
PWMDRO PWM Data OFFDCH PWDO7 PWDO0O6 PWDOS5 PWD04 PWDO3 PwWD02 PWDO1 PWDO00O
Reg.0 (Prohibit w
RMW) Undefined
PWMDROB| PWM Data OFFDDH PWDOB PWDOA PWD09 PWDOB
Reg.08 (Prohitit w
RMW) Undefined
PWMDR1 PWM Data OFFDEH PWD17 PWD16 PWDI15 PWD14 PWD13 PWD12 : PWD11 PWDI10
Reg.1 {Prohibit w
RMW} Undefined
PWMDR18| PWM Data OFFDFH ! pwo1s PWD1A PWO13 PWO18
Reg 18 {Prohibit w
RMW) Undefined
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9) Serial channe! control
MSB LSB
Symboi Name | Address 7 6 5 : 4 : 3 2 1 0
SCOBUF Serial OFFEZH RBO7 RBO6 RBOS RBO4 RBO3 RBO2 RBO1 RBOO
Channeld TBO7 7806 T805 T804 TBO3 7802 801 TBOO
Buffer Reg. (Prohibit R{receive}/W {send)
RMW) Undefined
SCOMOD Serial QFFE3H FFOS! SORES SOMDA SOMDO SIFTO CLKOSI SCLKOS SIQQE
Channel) R RV RIW RAV R/W R R/W RAW
Control 1 0 ] P : 0 0 o i 0
Reg. Transfer : Transfer { Transfer mode i Transfer shift ; Transfer i Transfer clock: Transfer
monitor saftware S 00:5end 10 Leading internal D : Internal control
0: Busy reset : 01 : Receive i edge  clock i clock :0: Disable
1:5t0p i0: - 10 S°°"d‘ care 4:Trailling (0:TBCZ  (1:external ;1:Enable
D1:Reset i 1:Sendeceive edge  :1:TBCE  :  clack
SC1BUF Serial QOFFE4H R817 RB16 RB15 RB14 RB13 RB12 RB11 RB1D
Channelt ™7 816 T815 TB14 813 TB12 TB11 T810
BufferReg. | (Prohibit R (receive}/ W (send)
RMIW) Undefined
SC1MOD Serial OFFESH FF151 S1RES SIMD1 S1MDO SIFT1 CLK1S SCLK1S SIOME
Channel1 R RW RW AW RW AW P RW T RW
Control 1 : 0 0 : 0 : 0 0 0 ! 0
Reg. Transfer  Transfer e mode {Transfer shift { Tramsfer & g o ek Transfer
monitor isoftware G4 cand :0: Leading ; internal {0+ internal
0: Busy { reset 01 Receive :  edge ; clock P clock
1:Stap 0: - 210: Don't care i1: Trailing 0:7T802 1 : External
i1 Reset : 11 : Send-receive edge 11:7T8CE P deck H
P4 Ports OFFC8H P47 pac i pas i pas P43 i pa2 Pe1 i pao
RIW
Input mode
Aloused @ Alsoused | Alsoused Alsoused : Alsousedfori Alsoused  Alsousedfori Alsoused
forTI1  : for TIOANT2 [ for RxD1 for TxD1 SCLK1  ©  forRxDO Tx00 for SCLKO
P4AMR Portd OFFCAH : : ‘ ‘ PASM PAANM P42Mm P41M
Mode iORW I RW RW | RW
Control * - :
Reg. 0 0 0 : 0
i SI0treceive ! SIO1send | SIODreceive | $100send
control control cantrol control
0:Part 0: Port G: Port 0: Port
1 RxD1 15 TxD1 1: RxDD 1:TxDQ
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10) A/D converter control

MSB LS8
Symbol | Name | Address 7 i 6 ¢ 5 i 4 i3 i 2 i1 i g
ADMOD AD OFFEOH ADS2 1 ADBF ! ADS  (Note) i ADCH3 | ADCH2 | ADCH1 | ADCHD
Converter W : R RAV D Always RAV
mode ’ ; . write “0". T T T T
Reg. 1 : 0 : 0 : : [ : 0 : 0 : 0
A/D :AD L AD : :
| onversion i conversion | conversian Anaiog Input Channel Select
{Prohibit | repeat * busy flag !start
RMW) co.ntrol 0: Don't 0: Stop
0:Single 1 gugy 11:Start
1:Repeat . pysy :
ADREG A-O QFFETH -
Result R
Reg.
Undefined
Saves A/D conversion result
PGCR Porté OFFCDH f(Note) Alwayswrte®0*. :  PG6M . P 1 P6C |  PSIC  PBOC
Control i : RAW AW
Reg. — :
: 0 : 0
I AD input : 0:in
 control i 1:0ut
10 :Port {Specifies O in units of bits)
1:ADIinput
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6. PORT SECTION EQUIVALENT CIRCUIT DIAGRAM

® Explanation of circuit diagram

Gate symbols are the same as those used for standard CMOS logic IC 74HCxx
series.

Special signal name is as follows:

STOP : Used to set the halt mode setting register to STOP mode. When the
CPU executes the HALT instruction, STOP becomes active “1”.
However, if the drive enable bit <DRVE> is set to “1”, STOP remains
“0”.
® The input protect resistance is approximately several tens to several hundreds of
ohms.

M PO (POOC to PO3)

VCC
Output data D°_| pch
Outputenable —— =< N-ch
Input data Wy ] input/Output

¥ 3-state is output to POOQ.

Input enable

M PO (P04 to P07), P2 (P21 to P27)
VCC

Output data < Nch
QOutput enabie

Input data Wy ] input/Output

Input enable
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W P1, P20, P3(P30to P34), P4

Qutput data —>—<ng__} P-ch
Input data 4—c<]—oCH Wy D Input/ Output

STOP ¥ 3-state is output to P10 -
[T e 3 P20.
[} 1
| Inputdata :
! Schmitt k Only P33 & P34
B P35
VCC
Input data input
Schmitt
M P36
VCC
Inputdata «——— Input
P37
VCC
Output

Outputdata "*,_DO__l e Nech
STOP
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RP5

Analog : vee
channel ™ o 1 p.ch
select . Tt <

Analog input

| [7] tnput
_ j-* N-ch i

Input buffer

Input data
input enable (P5 read)

W P6 (P60 to P63)

Output data -—)_—fD}_‘ P-ch

STOP :’ So——] [« N-ch

input data <_,;,<|_DG7 AWy 7] Input/OQutput

Analog STOP
channel {>o L p.ch
select I—T\—l
Analog input }
T N-ch

W P6 (P64 to P67)

vce
Input data v—qu_oG_*— Input
STOP
Input data <—o<|—o@|7
Schmitt
W PWO, PW1
VCC
Output

Outputdata o |« N-ch
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B VREF, AGND

] VREF

IrRerF = 0.6 mA typ.

1 Resistor ladder

(Note) IREF continuesto flowin D AGND
standby mode, too.
M RESET
100 kQ vee
typ-\
input
Schmitt
M CLK
VCC VCC VCC

Internal CLK X (r P-ch E?’

77E7 — ] Output

STOP
N-ch
Internal reset

To test circuit

W X1, X2

Oscillation circuit ;

B TEST

Delete at
""""" 7 91P642

AW "i“' [ ] input
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7. APPLICATION CIRCUIT
Shown below is an example of VCR servo control using TMP91C642A.
AFF  D-FF
| | Y
i } VIDEQ HEAD Csync
vid reamp P-CTL
si:_:;:éﬂ circuit _\ .
—y A\ I<%—, — C-FG
ot e
PG
—_ CONTROL
D-PG HeaD —F / HEAD tM%"TFg;AN
D-FG PWO
PW1
PWMSE

N\

©©

CASETTE
Motor driver N
0.PG @)_<]_ Lom—t;ée:ss - Pw SIO | ez~ Timer microcontrolier
|°”F| SIO |-€———» Expansion board
D-FG & CAPOQ C-Syn¢ |le———< C-Sync
Ry CAP1
Motor driver B A/D |emm—o—¢ Video envelope
@)_<]_ L°¥i"|:£§_?“ | pwo g A/D |l«—— ¢ Audio envelope
N — 0 |
(r"ﬁ . PWMS &
CFG } Current limiter n§-
- control
Ry ~lcap2 B
TPG D-FF
Contro! head RECCTL [1pg
TPG A-FF
P-CTL CAP3
PG |——— PV/PH
MCU90-174
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8. VCRTERMINOLOGY

VCR terminology used in the TMP91C642A users manual is explained below.
Embed

Also called insert. During special playback, tape speed and drum rotation
speed are different, so the head cannot scan the video track correctly. At this
time, tracing using CH2 the track recorded by CH1 does not obtain a
playback signal. Thus, where there is no playback signal, noise is generated
on the screen.

To eliminate noise, a special head other than the one used during ordinary
playback is provided. The special head is used to switch the ordinary head
and special head signals. Eliminating noise on the screen is called
embedding. Embedding is used for CUE / REV, double speed, and reverse
speed.

Capstan motor

Used to run the tape. During playback and recording, the tape is inserted
between the capstan motor shaft and the pinch roller and run. At the same
time, the reel spindle on the take-up side is rotated. During FF / REW, the
capstan motor and pinch roller are open. Only the reel is driven.

Servo

Serve mechanism. Follows any changes in the target values of position,
direction, and angle. Servoin VCR means detecting the motor rotation speed
or phase and controlling it according to the fixed value. Servo is applied to
the drum and capstan motors.

Servo in VCRs means detection of motor rotation speed and control at a fixed

speed or phase. In other words, servo applies to the drum and capstan
motors.

Drum motor

Also called cylinder motor. Used to rotate the cylinder in which the heads are

installed. The drum motor is usually rotated at a standard speed (NTSC : 60
Hz, PAL: 50 Hz).

Field

Two half-screens making up one frame. In TV broadcasting, a screen is
drawn using interlace scanning. That is, odd lines are scanned first, then
even lines. Fields are classified into odd and even fields depending on
whether the number of scanning lines is odd or even.
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Frame

In NTSC broadcasting, motion is represented using 30 frames per second.
The frequency is usually 30Hz, the same as that of the CTL pulse; thus,
detecting the CTL pulse enables the tape to be edited in units of frames.

Head amp

Signals retrieved from the video head are very small. . They are easily
affected by noise if a cable is used to transfer them. Thus, the signals must be
amplified as near the head as possible to a level where noise does not affect
them. The amplifier used is called the head amp or preamp.

A-FF signal

AFC

AGC

APC

C-FG

C-Syne

During normal audio/video recording, audio signals are recorded on a
dedicated audio track. In VHS Hi-Fi recording, the audio signal is recorded
on the video signal track using the deep-level recording method. Thus, the
audio head is also installed on the drum motor like the video head:. The video
and audio heads are switched using the A-FF signal.

Automatic Frequency Control. Maintains a fixed speed by feeding back the
difference between the target frequency and the current frequency to the
control output.

Automatic Gain Control. Maintains a fixed gain by feeding back the
difference between the target gain and the current gain to the control output.

Automatic Phase Control. Maintains a fixed phase by feeding back the
difference between the target phase and the current phase to the control

output.

Capstan Frequency Generator. Detects the rotation speed of the capstan
motor. Usually at 720Hz to 1080Hz frequency.

Composite sync signal. Composite of H-Syne, V-Sync. Usually referred to as
the video signal. Inputting the C-Sync signal to the video input produces the
image. '
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CTL pulse (P-CTL)

Maintains tape speed the same during recording and playback. P-CTL is
used to record VISS/ VASS signals.

CTL head

Records/plays back CTL pulses on the tape. Usually located next to the
normal audio head.

CUE
System control mode: fast forward during playback.
D-FF signal
Head switching signal. VCRs have at least two heads used to retrieve signals
from the tape. This is because TV broadcasting uses the interlace method.
That is, one frame made up of two interlaced screens consisting of scanning
lines divided into odd and even fields. Signals are retrieved from the odd and
even fields by separate heads. The D-FF signal is used to switch these heads.
D-FG
Drum Frequency Generator. Detects the rotation speed of the drum motor.
D-PG
Drum Phase Generator. Detects the positions of heads on the drum.
FF
System control mode: fast forward
H-Syne
Horizontal sync signal.  15.734 kHz for NTSC ; 15.625 kHz for PAL /
SECAM.
INSERT signal
Enables head switching for embedding.
NTSC

National Television System Committee. Broadcasting standard used in
USA, Canada, Japan and Korea.
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PAL

Phase Alternation by Line. Broadcasting standard developed as an
improvement on NTSC. Used in Germany, Italy, UK, China, and some
Southeast Asian countries.

PG adjustment

Ensures compatibility between tapes recorded on different VCRs under VHS
specifications. Adjusts the D-FF phase, by playing back PG adjustment
master tape, so that the difference between the D-FF signal and the played-
back V-Sync signal is within 6. 5H+1H.

REVIEW

REW

VASS

VISS

Abbreviated REV. System control mode: rewind during playback.
System control mode : rewind.

VHS Address Search System. Assigns absolute addresses on the tape by
changing the duty of CTL signals like VISS. Data can be stored at the
assigned addresses.

VHS Index Search System. Makes index marks on the tape by changing the
duty of CTL signals. Reading these marks enables the detection of the tape
position at high speed.

V-PULSE

V-Syne

Also referred to as pseudo-V or PV/PH. To avoid the monitor going out of
sync when the sync signal on the tape is lost during special playback, adds
sync signals to the video signal. These additional sync signals are called
pseudo-V or pseudo-H.

Vertical sync signal. 60 Hz for NTSC ; 50 Hz for PAL/SECAM.
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