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Preface

Thank you very much for making use of Toshiba microcomputer LSlIs.
Before use this LSI, refer the section, “Points of Note and Restrictions”.
Especially, take care below cautions.

**CAUTION**
How to release the HALT mode

Usually, interrupts can release all halts status. However, the interrupts = (NMI,
INTO to INT4), which can release the HALT mode may not be able to do so if they
are input during the period CPU is shifting tothe HALT mode (for about 5 clocks of
fepn) with IDLEL or STOP mode (IDLEZ2/is not applicable to this case). (In this
case, an interrupt request is kept on hold-internally.)

If another interrupt is generated after it has shifted to HALT mode completely,
halt status can be released without difficultly. The priority of this interrupt is
compare with that of the interrupt kept on hold internally, and the interrupt with
higher priority is handled first followed by the other interrupt.




TOSHIBA TMP91C829

CMOS 16-Bit Microcontroller
TMP91C829FG

1. Outline and Features

TMP91C829 is a high-speed 16-bit microcontroller designed for the control of various mid- to
large-scale equipment.With 2 Kbytes of boot ROM included, it allows your programs to be erased
and rewritten on board. TMP91C829FG comes in a 100-pin flat package. Listed below are the
features.

(1) High-speed 16-bit CPU (900/L1 CPU)
e Instruction mnemonics are upward compatible with TLCS-90/900
e 16 Mbytes of linear address space
e General-purpose registers and register banks
e 16-bit multiplication and division instructions; bit transfer and arithmetic instructions
e Micro DMA: 4 channels (444 ns/2 bytes at 36 MHz)

(2) Minimum instruction execution time: 111 ns (at 36 MHz)

(3) Built-in RAM: 8 Kbytes
Built-in ROM: None
Built-in Boot ROM: 2 Kbytes

RESTRICTIONS ON PRODUCT USE

060116EBP

« The information contained herein is subject to change without notice. 021023_D

« TOSHIBA is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor

devices in general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical
stress. It is the responsibility of the buyer, when utilizing TOSHIBA products, to comply with the standards of safety
in making a safe design for the entire system, and to avoid situations in which a malfunction or failure of such
TOSHIBA products could cause loss of human life, bodily injury or damage to property.
In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as
set forth in the most recent TOSHIBA products specifications. Also, please keep in mind the precautions and
conditions set forth/in the "Handling Guide for Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability
Handbook” etc. 021023_A

» The TOSHIBA products listed in this document are-intended for usage in general electronics applications
(computer, personal equipment, office equipment, measuring equipment, industrial robotics, domestic appliances,
etc.). These TOSHIBA products are neither intended nor warranted for usage in equipment that requires
extraordinarily high quality and/or reliability or a malfunctionor failure of which may cause loss of human life or
badily injury (“Unintended Usage”). Unintended Usage include atomic energy control instruments, airplane or
spaceship instruments, transportation instruments, traffic signal instruments, combustion control instruments,
medical instruments, all types of safety devices, etc. Unintended Usage of TOSHIBA products listed in this
document shall be made at the customer’s own risk. 021023_B

* The products described in this document shall not be used or embedded to any downstream products of which
manufacture, use and/or sale are prohibited under any applicable laws and regulations. 060106_a

« The information contained herein is presented only as a guide for the applications of our products. No responsibility
is assumed by TOSHIBA for any infringements of patents or other rights of the third parties which may result from
its use. No license is granted by implication or otherwise under any patent or patent rights of TOSHIBA or others.
021023_C

« The products described in this document are subject to the foreign exchange and foreign trade laws. 021023_E

e For a discussion of how the reliability of microcontrollers can be predicted, please refer to Section 1.3 of the
chapter entitled Quality and Reliability Assurance/Handling Precautions. 030619_s
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TOSHIBA TMP91C829

(4) External memory expansion
e Expandable up to 16 Mbytes (Shared program/data area)
e Can simultaneously support 8-/16-bit width external data bus
... Dynamic data bus sizing
(5) 8-bit timers: 6 channels
(6) 16-bit timer/event counter: 1 channel
(7) Serial bus interface: 2 channels
(8) 10-bit AD converter: 8 channels
(9) Watchdog timer
(10) Chip select/wait controller: 4 blocks
(11) Interrupts: 35 interrupts
o 9 CPU interrupts: Software interrupt instruction and illegal instruction
e 19internal interrupts: 7 priority levels are selectable

e 7 external interrupts: 7 priority levels are selectable
(Level mode, rising edge mode and falling edge mode are selectable.)

(12) Input/output ports: 46 pins (Except Data bus (8bit), Address bus (16bit) and RD pin)

(13) Standby function
Three HALT modes: IDLE2 (Programmable), IDLE1, STOP

(14) Operating voltage
e VCC(BV)=4.75V to 5.25 V (fc max = 36 MHz)
e VCC(@BV)=3.0Vto3.6V (fcmax=36MHz)

(15) Package
e 100-pin QFP: P-LLQFP100-1414-0.50F

Power on and power off the supply

Power on and power off of the supply require the simultaneous execution of the 5 V power supply and 3.3 V
power supply. If the both power supplies cannot be turned on or off simultaneously, turn on or off each power
supply within the specifications shown in Figure 3.1.2 and 3.1.2 “Power On and Power Off of the Supply”.
When power on and power off of the supply is performed on eigher of them, overlap current may run into the
internal logic. Leaving overlap current running results in increase of power dissipation and short LSl life. Please
avoid leaving either of power supplies on.

91C829-2 2006-03-15




TOSHIBA TMP91C829
LVCC 3V
<1
ADTRG (AN3/PA3) — | _Hvcecsv
ANO to AN7 (PAO to PA7) — CPU (TLCS-900L1) < _vss
VREFH —|  10-bit 8-ch < BooT
VREFL —| AD v e < Amo/AM1
AVCC —7] converter XDE blE <{— RESET
AVSS — XHL HIL
XIX IX le—— X1
XIY v 0sc B
Xz 1Z LY EMUO
XSP SP Clock gear
Port A 1>
<32 bits=> EMUL
SR Port'l “T> (P10 to P17) D8 to D15
=5
RD Port 2 <> (P20 to P27) A16 to A23
WR <1
PZ2 (FWR ) <7 Port Z
PZ3 <
Watchdog timer Data bus [<“T>D0to D7
(WDT) Rk
TXDO (P80) <1 Address bus | | 2(83 to 215
RXDO (P81) <> Serial /O 9
SCLKO/CTS0 (P82) <« (Channel 0)
STS0 <~ '
-Is_;r;ol Ez:i; Port 5 :: BUSRQ (P53)
< BUSAK (P54
RXD1 (P83) <> Serial I/O 59
SCK1/CTS1 (P86) <> (Channel 1)
STS1 (P87) <]
Port 8
<T> WA (P55)
— CS/WAIT > Cso (P60)
8-bit timer
TAOIN/INT1 (P70) <1 —
®70 (Timer 0) contaler [ S5t (Pe
TALOUT (P71) «f»|  S-Pittimer [ =2 0o
(Timer 1) —> Cs3 (P63)
Interrupt < NMi
8-Kbyte RAM
S bit itner b controller <> INTO (P56)
(Timer-2)
8-bit-timer
TA30UT/INT2 (P72) < ;
(P72) (Timer 3)
<+ TBOINO (P93)
8-bit timer 16-bit timer  [<T> TBOIN1 (P94)
TA4IN/INT3 (P73) <~ (Timer 4) (TMRBO) 1> TBOOUTO (P95)
<> TBOOUT1 (P96)
8-bit timer
TASOUT (P74) < (Timer 5) 2-Kbyte boot ROM
Port 9 <> INT5 (P90)
INT4 (P75) <] Port 7

(): Initial function after reset

Figure 1.1 TMP91C829 Block Diagram
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TOSHIBA TMP91C829

2. Pin Assignment and Pin Functions

The assignment of input/output pins for the TMP91C829FG, their names and functions are as
follows:

2.1 Pin Assignment Diagram

Figure 2.1.1 shows the pin assignment of the TMP91C829FG.

Pin .
- Pin name
Pin name Pin N,
No. 63.|[HVCC (5 V)
P27/A23| 64 62 | BOOT
P26/A22| 65 61 |VSS
P25/A21| 66 60 |P17/D15
P24/A20| 67 59 |P16/D14
P23/A19| 68 58 |P15/D13
P22/A18| 69 57 |P14/D12
P21/A17|70 56 |P13/D11
P20/A16| 71 55/|P12/D10
Al15( 72 54 |P11/D9
Al4|73 53 |P10/D8
Al13| 74 52|D7
Al2| 75 —‘ ’7 51'|D6
75 74 73 72 71 70 69 68 67 66 65 64 63,62 61 60 59.58 57 56 55 54,53.52 51
A11]76 H 76 50H 50 [D5
A10[77H 77 49049 D4
A9| 78 H7s 48 48 |D3
A8| 79 H 79 47H 47 |D2
A7]80 Hgo 46H 46 |D1
A6|81 Hg1 45H 45 |DO
A5[82 Hgo 44H 44 |P96/TBOOUT1
A4|83Hgs 43H 43|P95/TBOOUTO
A3[84 Haa a2 42 |P94/TBOIN1
A2|85 Hgs TMP91C829FEG 41H 41 [P93/TBOINO
A1]86 Hgg 20H 40 [P90/INT5
A0[87 Hg7 39H 39 [P75/INT4
RD |88 Hgs 3gH 38 |P74/TASOUT
WR |89 Hgg Top view a7H 37 |[P73/TA4IN/INT3
LVCC (3V)[90 Hgo 36H 36 [P72/TABOUT/INT2
PZ2/FwR |91 Ho1 35H 35 [P71/TALOUT
VSS|92 Ho2 34H 34 |P70/TAOIN/INT1
PAGIANO| 93 Hos P-LQFP100-1414-0.50F 23133 |ReseT
PA1/AN1| 94 Hoa 32H 32 |AM1
PA2/AN2| 95 H 95 31 31|X1
ADTRG /PA3/AN3]| 96 H o6 30t 30|DVSS
PA4/AN4|97 Ho7 29H 29 | X2
PA5/AN5|98 H o8 28 28 |LVCC (oscillator)
PAG/ANG| 99 H a9 27H 27 |AMO
PA7/AN7{100H 100 26 26 |P63/CS3
1 2 3 45 6 7 89 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25
VREFH| 1 J L 25 P62/ CS2
VREFL| 2 24 |P61/CS1
AVSS| 3 23 |P60/ CS0
AVCC| 4 22 |[EMU1
NMI| 5 21 [EMUO
VSS| 6 20 |P87/sTs1
P53/BUSRQ | 7 19 |P86/SCLKO/ CTS1
HVCC (5 V)| 8 18 |P85/RXD1
P54/BUSAK | 9 17 |P84/TXD1
P55/ WAIT | 10 16 |P83/STSO
P56/INTO| 11 15 |P82/SCLKO/ CTS0
Pz3|12 14 |P81/RXDO
P80/TXDO0| 13

Figure 2.1.1 Pin Assignment Diagram (100-pin LQFP)
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TMP91C829

2.2  Pin Names and Functions

The names of the input/output pins and their functions are described below.

Table 2.2.1 Pin Names and Functions (1/3)
Pin Name Num-ber I/O Functions
of Pins
DO to D7 8 1/0 Data (Lower): Bits 0 to 7 of data bus
P10 to P17 8 1/0 Port 1: 1/0O port that allows I/O to be selected at the bit level
(when used to the external 8-bit bus)
D8 to D15 1/0 Data (Upper): Bits 8 tol15 of data bus
P20 to P27 8 Output Port 2: Output port
Al16 to A23 Output Address: Bits 16 to 23 of address bus
A8 to Al5 8 Output Address: Bits 8 to 15 of address bus
A0 to A7 8 Output Address: Bits 0 to 7 of address bus
RD 1 Output Read: Strobe signal for readingexternal memory
WR 1 Output Write: Strobe signal for writing data to’pins DO to D7
P53 1 1/0 Port 53: I/O port (with pull-up resistor)
BUSRQ Input Bus request: Signal used to request bus release (High.impedance)
P54 1 1/0 Port 54: 1/O port (with pull-up resistor)
BUSAK Output Bus acknowledge: Signal used to acknowledge bus release
(High impedance)
P55 1 1/0 Port 55: I/O port (with pull-up resistor)
WAIT Input Wait: Pin-used-to request CPU bus wait.
P56 1 1/0 Port 56: I/O-port (with pull-up resistor)
INTO Input Interrupt request pin0: Interrupt request pin’'with programmable level/rising
edgel/falling edge
P60 1 Output Port 60: Output port
CS0 Output Chip select 0: Outputs 0 when-address is within specified address area
P61 1 Output Port'61: Output port
Csi Output Chip select 1: Outputs 0 when address is within specified address area
P62 1 Output Port 62: Output port
cs2 Output Chip select 2: Outputs 0.when address is within specified address area
P63 1 Output Port 63: Output-port
CS3 Qutput Chip select 3: Outputs 0 when address is within specified address area
P70 1 1/0 Port 70: I/O.port
TAOIN Input Timer AQ input
INT1 Input Interrupt request pin2: Interrupt request pin with programmable level/rising
edge/falling edge
P71 1 110 Port.71: 1/0 port
TA1OUT Output Timer AO or timer Al output
P72 1 110 Port 72: 1/0 port
TA30UT Output Timer A2 or timer A3 output
INT2 Input Interrupt request pin2: Interrupt request pin with programmable level/rising
edge/falling edge

91C829-5
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TMP91C829

Table 2.2.2 Pin Names and Functions (2/3)

Pin Name Num_ber I/O Functions
of Pins

P73 1 1/0 Port 73: /0 port

TA4IN Input Timer A4 input

INT3 Input Interrupt request pin 3: Interrupt request pin with programmable level/rising
edge/falling edge

P74 1 1/0 Port 74: 1/0 port

TA50UT Output Timer A4 or timer A5 output

P75 1 1/0 Port 75: I/0 port

INT4 Input Interrupt request pin 4: Interrupt request pin with programmable

P80 1 /0 Port 80: I/O port (with pull-up resistor)

TXDO Output Serial send data 0: Programmable open-drain output pin

P81 1 1/0 Port 81: I/O port (with pull-up resistor)

RXDO Input Serial receive data 0

P82 1 1/0 Port 82: I1/O port: (with pull-up resistor)

SCLKO Input Serial clock I/O 0

CTS0 1/0 Serial data send enable 0 (Clear to send)

P83 1 1/0 Port 83: I/O port (with pull-up resistor)

STSO Serial data request signal-0

P84 1 1/0 Port 84: I/O-port (with pull-up resistor)

TXD1 Output Serial send data 0: Programmable open-drain_output pin

P85 1 1/0 Port 85: I/Q port (with pull-up resistor)

RXD1 Input Serialreceive data 1

P86 1 1/0 Port 86: I/O port: (with pull-up resistor)

SCLK1 Input Serial clock I/0 1

CTs1 /0 Serial data send enable 1 (Clear.to send)

P87 1 1/0 Port 87: 1/O port (with pull-up resistor)

STS1 Serial data request signal 1

P90 1 1/0 Port 90: I/O port

INT5 Input Interrupt request pin 5: Interrupt request pin with programmable level/rising
edge/falling edge

P93 1 /1O Port 93: I/O port

TBOINO Input Timer BO-input O

P94 1 110 Port 94:(1/0 port

TBOIN1 Input Timer BO input 1

P95 1 /10 Port-95:1/0 port

TBOOUTO Output Timer-BO output 0

P96 1 1/0 Port 96: I/0 port

TBOOUT1 Output Timer B0 output 1

PAO to PA7 8 Input Port AO to A7: Pin used to input port

ANO to AN7 Input Analog input 0 to 7: Pins used to input to AD converter

ADTRG Input A/D trigger: Signal used to request AD start (PA3)

Pz2 1 1/0 Port Z2: 1/0 port (with pull-up resistor)

HWR Output High write: Strobe signal for writing data to pins D8 to D15

PZ3 1 1/0 Port Z3: 1/0 port (with pull-up resistor)

91C829-6
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TMP91C829

Table 2.2.3 Pin Names and Functions (3/3)

Pin Name Num_ber I/O Functions
of Pins
BOOT 1 Input This pin sets boot mode (with pull-up resistor)
NMI 1 Input Non-maskable interrupt request pin: Interrupt request pin with programmable
falling edge level or with both edge levels programmable
AMO to AM1 2 Input Address mode : External data bus with select pin
When external 16-bit bus is fixed or external 8- or 16-bit buses are mixed,
AM1=0,AMO=1
When external 8-bit bus is fixed,
AM1=0,AMO0=0
RESET 1 Input Reset: Initializes TMP91C829 (with pull-up resistor)
VREFH 1 Input Pin for reference voltage input'to"AD converter (H)
VREFL 1 Input Pin for reference voltage inputto-AD converter (L)
AVCC 1 /0 Power supply pin for AD converter
AVSS 1 GND supply pin for AD converter
X1/X2 2 Oscillator connection pins
HVCC 2 Power supply pins (5 V)
LVCC 2 Power supply pins\(3 V)
DVSS 3 GND pins (0/V)
EMUO 1 Output Open pin
EMU1 1 Output Open pin

Note 1: An external DMA controller cannot access the device’s built-in memory or built-in 1/O devices using

the BUSRQ and BUSAK signal.

Note 2: All pins which have a built-in pull-up resistor (Other than the RESET pin and the BOOT pin ) can be
disconnected from the resistor in software:
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TMP91C829

3.

Operation

This section describes the basic components, functions and operation of the TMP91C829.

Notes and restrictions which apply to the various items described here are outlined in section 7.
“Points to Note and Restrictions” at the end of this databook.

3.1 CPU

The TMP91C829 incorporates a high-performance 16-bit CPU (The 900/L1 CPU). For a
description of this CPU’s operation, please refer to the section of this databook which describes
the TLCS-900/L1 CPU.

The following sub sections describe functions peculiar to-the CPU used in the TMP91(C829;
these functions are not covered in the section devoted to the TLCS-900/L1 CPU.

3.1.1 Reset

When resetting the TMP91C829 microcontroller, ensure that the power supply voltage is

within the operating voltage range, and that the internal high-frequency oscillator has
stabilized. Then set the RESET input to low level at least for 10 system clocks (8.89 us at

36 MHz). Thus, when turn on the switch, be set to'the power supply voltage is within the

operating voltage range, and that the internal high-frequency oscillator has stabilized.
Then hold the RESET input to low-level at least for 10 system clocks.

Clock gear is intitialized 1/16 mode by reset operation. It means/that the system clock
mode fSYS is set to fc/32 (= fc/16 x1/2).

When the reset is accept, the CPU:

Sets the program counter (PC) as follows in accordance with the reset vector stored
at address FFFFOOH to FFFFO2H:

PC<0:7> < Datain location FFFFOOH

PC<8:15> < /Data in location FFFFO1H

PC<16:23> ‘'« Data in location FFFFO2H

Sets the stack pointer (XSP) to‘100H.

Sets bits <IFF0:2> of the statusregister (SR) to 111. (Thereby setting the interrupt
level mask register to level 7.)

Sets the <MAX> bit of the status register to 1 (MAX mode).

(Note: As this product does not'support MIN mode, do not write a 0 to the <MAX>
bit.)

Clears bits <RFP0:2> of the status register to 000. (Thereby selecting register
bank 0.)

When the reset is cleared, the CPU starts executing instructions according to the

program/counter settings. CPU internal registers not mentioned above do not change

when the reset is cleared.

When the resetis-accepted, the CPU sets internal I/O, ports and other pins as follows.

Initializes the internal I/O registers.

Sets the port pins, including the pins that also act as internal I/O, to
general-purpose input or output port mode.

Note: The CPU internal register (except to PC, SR, XSP) and internal RAM data do not

change by resetting.

Figure 3.1.1 shows the timing of a reset for the TMP91C829.
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TOSHIBA TMP91C829

3.1.2 Power On and Power Off of the Supply

1
. «

Oscillator operation time + Clock doubler stabilization time
1 1
1 1

! ! i i i
1 1 1 1 1
1 1 1 1
vees : / : 0 b\ :
1 1 1 1 1 []
1 1 1 1% 1 1 1
. : : » : : \
VCC 3.3 / . . . .
1 1 1 1 1 1
: : ' ) : : :
RESET : I LN
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 ] 1
| Max1[s] IMin 10 [ms]; Min 0 [] 1 Max 1 [s]
| | | |
1 1 1 1
1 1 1 1

Figure 3.1.2 Power Supply On/Off Timing

3.2  Outline of Operation Modes

There are multi chip and multi boot modes. Which mode is selected depends on the device’s
pin state after a reset.

e Multi chip mode: The device normally operations in this mode. After-a reset, the device starts
executing the external memory program.

e Multi boot mode: This mode is used to.rewrite the external flash memory by serial transfer
(UART) orATAPI transfer.

After a reset, internal boot program-starts up, executing a on-board rewrite
program:

Table 3.2.1 Operation Mode Setup Table
Mode Setup Input Pin

Operation Mode
RESET BOOT
Multi-chip. mode
Multi boot mode _/_ L
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3.3 Memory Map

Figure 3.3.1 is a memory map of the TMP91C829.

Multi chip mode

Multi boot mode

000000H 000000H * 1
Internal 1/O Internal 1/O Direct area (n)
(4 Kbytes) (4 Kbytes)
000100H 000100H l
001000H 001000H
Internal RAM Internal RAM
(8 Kbytes) (8 Kbytes)
003000H 003000H
External memory
01F800H
Internal boot ROM 16-Mbyte area
(2 Kbytes) (r32)
01FFFFH (-r32)
(r32+)
(r32 + d8/16)
(r32 +r8/16)
External memory (hnn)
External memory
FFF800H Internal boot ROM
FFFEFFH (2 Kbytes)
FFFFOOH Vector table FFFFOOH Vector table
FFFFFFH (256 bytes) FFFFFFH (256 bytes) v
(1= Internal area)
Figure 3.3.1 TMP91C829 Memory Map
91C829-11 2006-03-15



TOSHIBA
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3.4  Triple Clock Function and Standby Function

The TMP91C829 contains (1) a clock gearing system, (2) a standby controller, and (3) a

noise-reducing circuit. It is used for low-power, low-noise systems.

The clock operating mode is as follows: (a) Single clock mode (X1, X2 pins only).

Figure 3.4.1 shows a transition figure.

IDLE2 mode
(/O operate)

IDLE1 mode
(Operate only oscillator)

Reset
(fosch/32)
% l Release reset
Instruction
%) NORMAL mode Interriiot
(_W‘ (foscH/gear value/2) [« p

Figure 3.4.1 System Clock Block Diagram

Clock mode transition figure

STOP mode
(Stops all circuits)

The clock frequency input from the X1 and X2 pins is called fc. In case of TMP91C829, fc =
frPH. The system clock fSys is defined as' the divided clock of fFPH, and one cycle of fSys is

regarded as one state.

91C829-12

2006-03-15



TOSHIBA TMP91C829
3.4.1 Block Diagram of System Clock
SYSCRO<WUEF>
SYSCR2<WUPTML1:0>
‘L SYSCRO
—>| Warm-up timer (High-frequency oscillator) <PRCK1:0> ———>¢T
>frpH
fc +2 >fsys
fc/2 )
cl4 N
fc/8
fc/16
X1 [} High-frequency
oscillator SYSCR1<GEAR2,0>
X2 [+ foscH Clock gear
fsys > CPU
TMRAO1 to TMRA45
6TO >|| Prescaler > ROM
| | > RAM
Interrupt
TMRBO controller
)l Prescaler > WDT
> 1/O ports
SIO0, SI01
,I Prescaler —‘
[
Figure 3.4.2 Block Diagram of System Clock
91C829-13 2006-03-15
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TMP91C829
3.42 SFRs
7 6 5 4 3 2 1 0
SYSCRO | Bit symbol — — — — — WUEF PRCK1 PRCKO
(O0EOH) | Read/Write R/W
After reset 1 0 1 0 0 0 o | o
Function Always Always Always Always Always Warm-up - |Select prescaler clock
write “1”. write “0”. write “1”. write “0”. write “0” timer 00: frpH
Write O: 01: Reserved
Don’t care—|10: fc/16
Write'1¢ 11: Reserved
Start timer
Read O:
End
warm-up
Read 1:
Do not end
warm-up
7 6 5 4 3 2 1 0
SYSCR1 | Bit symbol - GEAR2 GEAR1 GEARO
(OOE1H) | Read/Write R/W
After reset 0 0 0 | 0
Function Always Select gear value of high frequency (fc)
write “0”. 000: fc
001;fc/2
010; fc/4
011: fc/8
100: fc/16
101: (Reserved)
110: (Reserved)
111: (Reserved)
7 6 5 4 3 2 1 0
SYSCR2 | Bit symbol — WUPTM1 | WUPTMO HALTM1 HALTMO DRVE
(OOE2H) | Read/Write R/W R/W R/W R/IW RIW R/IW
After reset 0 1 0 1 1 0
Function Always Warm-up timer HALT mode 1: Drive the
write “0™. 00: Reserved 00: Reserved pin during
01: 28inputted frequency (01: STOP mode STOP
10: 2%inputted frequency |10: IDLE1 mode mode
11: 2"%inputted frequency |11: IDLE2 mode

Figure 3.4.3_SFR for System Clock

91C829-14
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7 6 5 4 3 2 1 0
EMCCRO] Bit symbol PROTECT - — - - EXTIN - -
(O0E3H) | Read/Write R R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 1 0 0 0 1 1
Function Protect flag |Always Always Always Always 1: External |Always Always
0: OFF write “0”". write “1”. write “0”". write “0”. clock write “1”. write “1”.
1: ON
EMCCR1] Bit symbol
(00E4H) | Read/Write Writing 1FH turns protections OFF.
After reset Writing any value other than 1FH turns protection ON.
Function

Figure 3.4.4 SFR for Noise Reducing
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3.4.3 System Clock Controller

The system clock controller generates the system clock signal (fsys) for the CPU core and
internal I/0. It contains a clock gear circuit for high-frequency (fc) operation. The register
SYSCR1<GEARO:2> sets the high-frequency clock gear to either 1, 2, 4, 8, or 16 (fc, fc/2, fc/4,
fe/8, or fc/16). These functions can reduce the power consumption of the equipment in which
the device is installed.

The initialization<GEAR0:2> = 100 will cause the system clock (fsys) to be set to fc/32
(fc/16 x 1/2) after a reset.

For example, fSys is set to 1.125 MHz when the 36 MHz oscillator is connected to the X1
and X2 pins.

Clock gear controller

The fFPH is set according to the contents of the clock gear select register SYSCR1
<GEARO0:2> to either fc, fc/2, fc/4, fc/8, or fc/16. Using the clock gear to select a lower
value of fFPH reduces power consumption.

Example: Changing to a high-frequency /gear
SYSCR1 EQU 00OE1H

LD (SYSCR1), XXXX0000B ; Changes fsysto fc/2.

X: Don't care

(Changing to high-frequency clock gear)

To change the clock gear, write the appropriate value to the SYSCR1<GEARO:2>
register. The value of frPH will not change until a period of time equal to the warm-up
time has elapsed from the point at which the register is written to.

There 1s a possibility that the instruction immediately following the instruction
which changes the clock gear will be executed before the new clock setting comes into
effect. To ensure that this does not’happen, insert a dummy instruction (to execute a
write cycle)-as follows:

Example:
SYSCR1 EQU 00E1IH
LD (SYSCR1), XXXX0001B ; Changes fsys to fc/4.
LD (DUMMY), 00H ; Dummy instruction.

Instruction to be executed after clock gear has changed.
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3.4.4 Prescaler Clock Controller
For the internal I/0 (TMRAO01:45, TMRBO and SIOO0, SIO1), there is a prescaler which
can divide the clock.

The ¢T clock input to the prescaler is either the clock fFPH divided by 2 or the clock fc/16
divided by 2. The setting of the SYSCRO<PRCKO:1> register determines which clock signal
is input.

The ¢TO clock input to the prescaler is either the clock fFpH divided by 4 or the clock fc/16

divided by 4. The setting of the SYSCRO<PRCKO:1> register determines which clock signal
is input.

3.45 Noise Reduction Circuits

Noise reduction circuits are built in, allowing implementation of the following features.
(1) Single drive for high-frequency oscillator
(2) Protection of register contents

The above functions are performed by making the appropriate settings in the EMCCRO
and EMCCRI1 registers.

(1) Single drive for high-frequency oscillator
(Purpose)

Not need twin drive and protect mistake operation’by inputted noise to X2 pin
when the external oscillator isused.

(Block diagram)
| __Do—|>o—>fOSCH
X1'pin
Enable oscillation (STOP + EMCCRO<EXTIN>)
X2 pin

(Setting method)

When'a 1 is written to the EMCCRO<EXTIN>, the oscillator is disabled and is
operated as a buffer. The X2 pin always outputs a 1.

<EXTIN> is initialized to 0 by a reset.

Note: Do not write EMCCRO<EXTIN> = “1"” when using external resonator.
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(2) Protection of register contents
(Purpose)
An item for mistake operation by inputted noise.

To execute the program certainty which is occurred mistake operation, the
protect-register can be disabled write operation for the specific SFR.

Write disabled SFRs
1. CS/WAIT controller

BOCS, B1CS, B2CS, B3CS, BEXCS,
MSARO, MSAR1, MSAR2, MSARS3,
MAMRO, MAMR1, MAMR2, MAMRS3

2. Clock gear (only EMCCRI1 can be written to.)
SYSCRO, SYSCR1, SYSCR2, EMCCRO

(Block diagram)

Protect register
To EMCCR1 EMCCRO<PROTECT>

Write value other than 1FH S Q L .
Write 1FH - E Write signal to the disabled SFR
Write signal SFR Write signal to the other SFR

(Setting method)

Writing any value other than 1FH to the EMCCRI1 register turns on protection,
thereby preventing the CPU from writing to the’specific SFR.

Writing 1FH to EMCCR1 turns off protection.
The protection status is set in EMCCRO<PROTECT>.

Resetting initializes the protection status to off.

91C829-18 2006-03-15



TOSHIBA

TMP91C829

3.4.6

Standby Controller

(1) HALT modes

When the HALT instruction is executed, the operating mode switches to IDLEZ,
IDLE1 or STOP mode, depending on the contents of the SYSCR2<HALTM1:0>

register.

The subsequent actions performed in each mode are as follows:

a. IDLEZ2: The CPU only is halted.
In IDLE2 mode internal I/O operations can be performed by setting the
following registers.
Table 3.4.1 shows the registers of setting operation‘during IDLE2 mode.

Table 3.4.1 The Registers of Setting Operation during IDLE2 Mode

Internal 1/0 SFR
TMRAO1 TAO1RUN<I2TAO01>
TMRA23 TA23RUN<I2TA23>
TMRA45 TA45RUN<I2TA45>
TMRBO TBORUN<I2TBO>
SI00 SCOMOD1<I12S0>
SIO1 SC1IMOD1<I2S0>
AD converter ADMOD1<I2AD>
WDT WDMOD<I2WDT>

b. IDLEI1: Only the oscillatorto operate:
c. STOP: All internal circuits stop operating.
The operation of each of the different HALT modes is described in Table 3.4.2.

Table 3.4.2 1/O Operation during-HALT Modes

HALT Mode IDLE2 IDLE1 STOP
SYSCR2<HALTM1:0> 11 10 01
CPU Stop
I/O ports Maintain same state as when'HALT instruction was executed. | See Table 3.4.5,
Table 3.4.6
TMRA, TMRB
Block 310
Can be selected
AD converter Stopped
WDT
Interrupt controller Operational
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(2) How to clear a HALT mode

The halt state can be cleared by a reset or by an interrupt request. The combination

of the value in <IFF0:2> of the interrupt mask register and the current HALT mode
determine in which ways the HALT mode may be cleared. The details associated with

each type of halt state clearance are shown in Table 3.4.3.

Clearance by interrupt request

Whether or not the HALT mode is cleared and subsequent operation depends on
the status of the generated interrupt. If the interrupt request level set before
execution of the HALT instruction is greater than or/equal to the value in the
interrupt mask register, the following sequence-takes place: The HALT mode is
cleared, the interrupt is then processed, and the CPU then resumes execution
starting from the instruction following the HALT instruction. If the interrupt
request level set before execution of the HALT instruction is less'than the value in
the interrupt mask register, the HALT ‘mode is not cleared. (If a non-maskable
interrupt is generated, the HALT mode is cleared and the Anterrupt processed,
regardless of the value in the interrupt mask register.)

However, for INTO to INT4 only, even-if the interrupt request level set before
execution of the HALT instruetion is less than the value in the interrupt mask
register, the HALT mode is cleared. In this case, the interrupt is not processed and
the CPU resumes execution- starting from the instruction following the HALT
instruction. The interrupt request flag remains set'to 1.

Note: Usually, interrupts can release all’halts status. However, the interrupts (NMI,
INTO to INT4) which-can release the HALT mode may not be able to do so if
they are input during the period CPU is shifting to the HALT mode (for about 5
clocks of fgp) with IDLEL or STOP mode (IDLEZ is not applicable to this case).
(In this case, an interrupt request is kept on hold internally.)
If another-interrupt is generated-after it has shifted to HALT mode completely,
halt status can be released without difficulty. The priority of this interrupt is
compared with that of the interrupt kept on hold internally, and the interrupt with
higher priority is handled first followed by the other interrupt.

Clearance by reset
Any halt state can be cleared by a reset.
When STOP mode is cleared by a RESET signal, sufficient time (at least 3 ms)
must be allowed after the reset for the operation of the oscillator to stabilize.
When a HALT mode is cleared by resetting, the contents of the internal RAM
remain-the'same as they were before execution of the HALT instruction. However,
all other/settings are reinitialized. (Clearance by an interrupt affects neither the
RAM contents nor any other settings — the state which existed before the HALT
instruction was executed is retained.)
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Table 3.4.3 Source of Halt State Clearance and Halt Clearance Operation

. Interrupt Enabled Interrupt Disabled
Status of Received Interrupt
(Interrupt level) > (Interrupt mask) | (Interrupt level) < (Interrupt mask)

HALT Mode IDLE2 IDLE1|STOP IDLE2 IDLE1| STOP
3 NMI R R ot - - -
8 INTWDT . x x - - -
3 INTO to INT4 (Note) . . o1 o o ot
g g | INTS N x x ¢ x x
g 5 INTTAO to INTTAS . x x x x x
= | = | INTTBOO, INTTBOL, INTTBOFO D x x x x x
I INTRXO, INTTXO . x x x x x
3 INTRX1, INTTX1 . . % < y y
g INTAD . x x x x x
0 RESET Reset initializes the LS|

¢ After clearing the HALT mode, CPU starts interrupt processing.

0: After clearing the HALT mode, CPU resumes executing starting. from instruction following the HALT

instruction.

x: Cannot be used to clear the HALT mode.

—: The priority level (Interrupt request level) of non-maskable interrupts is fixed to 7, the highest priority
level. There is not this combination type.

*1: The HALT mode is cleared when the warm-up time has elapsed.

Note: When the HALT mode is cleared by INTO to INT4 interrupt of the level mode in the interrupt enabled
status, hold the level until starting interrupt processing. Changing level before holding level, interrupt
processing is correctly started.

(Example: Clearing IDLE1 mode)
An INTO interrupt clears the halt state when the device is in IDLE1 mode.

Address

8200H LD (P5FC), 40H
8203H LD (HMCO0), O0H
8206H LD (INTEOAD),-06H
8209H El 5

820BH LD (SYSCR2), 28H
820EH HIALT

INTO /o

;/Sets|P56 to INTO
;-Sets INTO interrupt rising edge.
; Sets INTO interrupt level to 6.

; Sets interrupt level to 5 for CPU.

; Halts CPU.

; Sets HALT mode to IDLE1 mode.

INTQ interrupt routine

RETI
820FH LD XX, XX
1
1
1
1
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(3) Operation

a. IDLEZ2 mode

In IDLE2 mode only specific internal I/O operations, as designated by the
IDLE2 setting register, can take place. Instruction execution by the CPU stops.

Figure 3.4.5 illustrates an example of the timingfor clearance of the IDLE2
mode halt state by an interrupt.

S avavaiaVy AYLYATaY Y nWalala!

AOtoA23 X

C

DO to D15 (Data ¥ 4 {Data )
ko \ / \ T
WR 4
Clearing interrupt

| [}
<—IDLE2 mode—>:
] I

Figure 3.4.5 Timing Chart for IDLE2 Mode Halt State Cleared by Interrupt

b. IDLE1 mode

In IDLE1 mode; only the internal oscillator and the RTC continue to operate.
The system clock in the MCU stops.

In the halt state, the interrupt request is sampled asynchronously with the
system clock; however, clearance of the halt state (e.g., restart of operation) is
synchronous with-it.

Figure 8.4.6 illustrates the timing for clearance of the IDLE1 mode halt state by
an interrupt.

S AW aN e AW s av Vet aWaW alalala

I ﬁ_-\

Clearing interrupt

[} [}
p— 1 1
AOtoA23 X ! » !
! " !
[} [}
| |
| |
DO to D15 {_Data ) : 4 | (_pata )
RD E J)‘f E I
RD \ A ! ! \ /
P ! { !
WR : »n :
i |
[}
[}
[}
[}

[}
i
< IDLE1 mode >l

Figure 3.4.6 Timing Chart for IDLE1 Mode Halt State Cleared by Interrupt
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STOP mode

When STOP mode is selected, all internal circuits stop, including the internal
oscillator pin status in STOP mode depends on the settings in the
SYSCR2<DRVE> register. Table 3.4.5, Table 3.4.6 summarizes the state of these
pins in STOP mode.

After STOP mode has been cleared system clock output starts when the
warm-up time has elapsed, in order to allow oscillation to stabilize. See the
sample warm-up times in Table 3.4.4.

Figure 3.4.7 illustrates the timing for clearance of the STOP mode halt state by
an interrupt.

I _
S AW AW AW W W R IPER TS Wat AW AW AW RS QW
poto 23 X b
DO to D15——---F -~ Da@—-——-—-&—-‘)‘r--i-%- ----- -SS-------------@@---
RD \ / Ny A g \ /
WR A ’
Interrupt for : « fl—‘f)‘\
release i |
L. STOP !
! mode !

Figure 3.4.7 Timing Chartfor STOP Mode Halt State Cleared by Interrupt

Table 3.4.4 Sample Warm-up Times after Clearance of STOP Mode

at foscH = 36 MHz

SYSCR2<WUPTM1:0>

01 (2% 10(2™ 11 (29

7.1 ps 0.455ms 1.820 ms
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Table 3.4.5 Input buffer State Table

Input Buffer State

When the CPU is In HALT mode In HALT mode (STOP)
Input Operating (IDLE2/IDLE1) <DRVE>=1 <DRVE>=0
Port Name| Function | During When When When
When Used | When Used When When
Name Reset Used as | When Used | Used as Used as
) as Input | as Function . Used as . Used as
Function . as Input Port [ Function Function
. Port Pin . Input Port . Input Port
Pin Pin Pin
— DO-D7 OFF *1 — OFF — OFF — —
P10-17 D8-D15 ON OFF OFF OFF
P53(*6) BUSRQ ON ON ON ON ON ON OFF
P54(*6) - OFF - *2 - OFF = OFF -
P55(*6) WAIT OFF
P56(*6) INTO ON ON
ON ON ON ON ON ON
TAOIN *3
P70
INT1 ON
P71 - - - - -
*2 OFF OFF
P72 INT2 ON
TA4IN ON ON ON *3
P73 ON ON ON
INT3 ON
P74 - - *2 - OFF = OFF -
P75 INT4 ON ON ON ON
P80(*6) — — — — —
P81(*6) RXDO ON
SCLKO ON ON ON OFF
P82(*6)
CTSO
P83-P84(*6) - - - - -
OFF
P85(*6) RXD1
ON ON ON
SCLK1 ON ON ON OFF
P86(*6)
CTS1
P87(*6) - - - - -
P90 INTS
P93 TBOINO ON ON ON OFF
P94 TBOIN1
P95-P96 - - - - -
PAO-PA2(*7)| ANO-AN2
*4 *4 *4 *4
AN3
PA3(*7) *5
ADTRG OFF ON ON OFF ON OFF ON
PA4-PA7(*7)| AN4-AN7 *4 *4 * *4
PZ2-PZ3(*6) - o
BOOT (*6) A
NMI N
e - - ON - ON
RESET (*6) < ON ON ON
AMO,AM1 =
X1 - OFF OFF

ON:

input buffer if the input pin is not driven.
OFF: The buffer is always turned off.
- No applicable

The buffer is always turned on. A current flows the

*1: The buffer is turned on if read external.

*2: The buffer is turned on if access port.

*3: The buffer is turned off if FC register is “0”. The
buffer is turned on if FC register is “1”.

*4: The buffer is always enable to input.

*5: The buffer is turned on if read port.

*6: Port having a pull-up resistor.(Programmable)

*7: AIN input does not cause a current to flow through

the buffer.
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Table 3.4.6 Output buffer State Table

Output Buffer State

When the CPU is

In HALT mode

In HALT mode (STOP)

Port Outp_ut Operating (IDLE2/IDLEY) <DRVE>=1 <DRVE>=0
Name Function During When When When When When When When
Name Reset Usedas | Usedas | Usedas | Usedas | Usedas When Used Used as | Used as
Function Output Function | Output | Function xR I(D);thtpUt Function | Output
Pin Port Pin Port Pin Pin Port
— DO-D7 - *1 — OFF — OFF — —
P10-P17 D8-D15
ON ON ON OFF
P20-P27 A16-A23
- A8-Al15 OFF
- AO0-A7 ON ON ON ON
_ RD B B B B
- WR
P53 - - - > >
P54 BUSAK - ON ON ON OFF
P55-P56 - - - - -
P60 CS0 ON
P61 Cs1
— ON ON ON OFF
P62 CS2 ON
P63 Cs3
P70 - - < - -
P71 TA1OUT
ON ON ON OFF
P72 TA30OUT
P73 - - - - -
P74 TA50UT ON ON ON OFF
P75 - - - L -
P80 TXDO ON ON ON ON OFF OFF
ON ON
P81 - + - - -
P82 SCLKO
P83 STSO ON ON ON OFF
P84 TXD1 -
P85 - = - - -
P86 SCLK1
ON ON ON OFF
P87 STS1
P90 -
P93-P94 - } } } }
P95 TBOOUTO ON
P96 TBOOUT1 ON ON ON OFF
Pz2 HWR
Pz3 -
X2 N ON - } } *3 } *3

ON: The buffer is always’turned-on:
released, however, output buffers for some pins are
turned off.

OFF: The buffer is always turned off.

- No applicable

When the bus is *1: The buffer is turned on if write external.

*2: Port having a pull-up resistor.(Programmable)
*3: The buffer output High level.

91C829-25

2006-03-15




TOSHIBA TMP91C829

3.5 Interrupts

Interrupts are controlled by the CPU interrupt mask register SR<IFF2:0> and by the built-in
interrupt controller.

The TMP91C829 has a total of 35 interrupts divided into the following five types:

e Interrupts generated by CPU: 9 sources
(Software interrupts, illegal instruction interrupt)

e Interrupts on external pins (NMI and INTO to INT5): 7 sources

e Internal I/O interrupts: 19 sources

A (Fixed) individual interrupt vector number is assigned to each interrupt.

One of seven (Variable) priority level can be assigned to each maskable interrupt.

The priority level of non-maskable interrupts are fixed at 7.as the highest level.

When an interrupt is generated, the interrupt controller sends the piority of that interrupt to
the CPU. If multiple interrupts are generated simultaneously, the interrupt controller sends
the interrupt with the highest priority to the CPU. (The highest priority is level 7 using for
non-maskable interrupts.)

The CPU compares the priority level of the interrupt with the value)of the CPU interrupt
mask register <IFF2:0>. If the priority level of the interrupt-is-higher than the value of the
interrupt mask register, the CPU accepts the interrupt.

The interrupt mask register <IFF2:0> value can be updated using the value of the EI
instruction (EI num sets <IFF2:0> data to num).

For example, specifying “EI 3” enables the maskable interrupts which priority level set in the
interrupt controller is 3 or higher, and also non-maskable interrupts.

Operationally, the DI instruction (<IFF2:0> = 7) is identical to the EI 7 instruction. DI
instruction is used to disable-maskable interrupts because of the priority level of maskable
interrupts is 0 to 6. The EI instruction is vaild immediately after execution.

In addition to the above general-purpose interrupt processing mode, TLCS-900/L1 has a
micro DMA/interrupt processing mode as well. The CPU can transfer the data (1 or 2 or 4 bytes)
automatically -in Zmicro DMA mode, therefore this mode is used for speed up interrupt
processing, such as_transferring data-to the internal or external peripheral I/0. Moreover,
TMP91C829 has software start function for micro DMA processing request by the software not
by the hardware interrupt.

Figure 3.5.1 shows the overall interrupt processing flow.
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( Interrupt processing )

Interrupt specifie Yes ;
by micro DMA Micro DMA
start vector?

soft start request

No

Clear interrupt requenst flag

&
<

A

o Data transfer by micro DMA
Interrupt vector value “V” read
Interrupt request F/F clear
A
General-purpose ~
interrupt \ Count < Count~1 Micro DMA processing
processing PUSH PC
PUSH SR
SR<IFF2:0> « Level Ofd Yes Clear-vector register generating
_accepte 1 Count’=0 »| micro. DMA transfer end
interrupt + interrupt (INTTCO to INTTC3)
INTNEST « INTNEST + 1 —

No

A

PC « (FFFFOOH + V)

ﬁ )

Interrupt processing program

A
RETI instruction

POP SR
POP PC
NTNEST « INTNEST ~

A

i

Figure 3.5.1 Interrupt and Micro DMA Processing Sequence
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3.5.1

General-purpose Interrupt Processing

When the CPU accepts an interrupt, it usually performs the following sequence of
operations. That is also the same as TLCS-900/L and TLCS-900/H.

oy

2

(3

(4)
(5)

The CPU reads the interrupt vector from the interrupt controller.

If the same level interrupts occur simultaneously, the interrupt controller generates an
interrupt vector in accordance with the default priority-and clears the interrupt
request.

(The default priority is already fixed for each interrupt: The smaller vector value has
the higher priority level.)

The CPU pushes the value of program counter (PC) and status register (SR) onto the
stack area (Indicated by XSP).

The CPU sets the value which is the priority level of the accepted interrupt plus 1 (+1)
to the interrupt mask register <IFF2:0>. Howgver, if the priority level of the accepted
interrupt is 7, the register’s value is set to 7.

The CPU increases the interrupt nesting counter INTNEST by 1 (+1).

The CPU jumps to the address indicated by the data at address “FFFFOOH + interrupt
vector” and starts the interrupt processing routine.

The above processing time is 18 states (1.0 us at 36 MHz) as the best case (16-bit data
bus width and 0 waits).

When the CPU completed the interrupt processing; use the RETI instruction to
return to the main routine. RETI restores the contents of program counter (PC) and
status register (SR) from the stack and‘decreases the interrupt nesting counter
INTNEST by 1 (-1).

Non-maskable interrupts cannot be disabled” by a user program. Maskable
interrupts, however, can be enabled or disabled by a user program. A program can set
the priority level for each/interrupt source. (A priority level setting of 0 or 7 will disable
an interrupt request.)

If aninterrupt request which hasa priority level equal to or greater than the value of
the'CPU interrupt mask register <IFF2:0> comes out, the CPU accepts its interrupt.
Then, the'CPU interrupt mask register <IFF2:0> is set to the value of the priority level
for the accepted interrupt-plus 1 (+1).

Therefore, if an interruptis generated with a higher level than the current interrupt
during jits processing, the CPU accepts the later interrupt and goes to the nesting
status-of interrupt processing.

Moreover, if the CPU receives another interrupt request while performing the said
(1) to (5) processing steps of the current interrupt, the latest interrupt request is
sampled immediately after execution of the first instruction of the current interrupt
processing‘routine. Specifying DI as the start instruction disables maskable interrupt
nesting.

A reset initializes the interrupt mask register <IFF2:0> to 111, disabling all
maskable interrupts.

Table 3.5.1 shows the TMP91C829 interrupt vectors and micro DMA start vectors.
The address FFFFOOH to FFFFFFH (256 bytes) is assigned for the interrupt vector
area.
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Table 3.5.1 TMP91C829 Interrupt Vectors and Micro DMA Start Vectors
Default Interrupt Source or Source of Micro DMA Vector Micro DMA
Priority Type Request Vector Value | - Reference Start Vector
Address

1 Reset or “SWIO0” instruction 0000H FFFFOOH -

2 “SWI1” instruction 0004H FFFFO4H -

3 lllegal instruction or “SWI2” instruction 0008H FFFFO8H -

4 “SWI3” instruction 000CH FFFFOCH -

5 Non-mask | “SWI4” instruction 0010H FFFF10H -

6 able “SWI5” instruction 0014H FFFF14H -

7 “SWI6” instruction 0018H FFFF18H -

8 “SWI7” instruction 001CH FFFF1CH -

9 NMI: NMI pin input 0020H FFFF20H -

10 INTWD: Watchdog timer 0024H FFFF24H —

— Micro DMA = — —

11 INTO: INTO pin input 0028H FFFF28H O0AH
12 INT1: INT1 pin input 002CH FFFF2CH 0BH
13 INT2: INT2 pin input 0030H FFFF30H OCH
14 INT3: INT3 pin input 0034H FFFF34H ODH
15 INT4: INT4 pin input 0038H FFFF38H OEH
16 INTS5: INT5 pin input 003CH FFFF3CH OFH
17 (Reserved) 0040H FFFF40H 10H
18 (Reserved) 0044H FFFF44H 11H
19 (Reserved) 0048H FFFF48F 12H
20 INTTAO: 8-bit timer O 004CH FFFF4CH 13H
21 INTTAZL: 8-bit timer 1 0050H FFFF50H 14H
22 INTTAZ2: 8-bit timer 2 0054H FFFF54H 15H
23 INTTA3: 8-bit timer 3 0058H FFFF58H 16H
24 INTTA4: 8-bit timer 4 005CH FFFF5CH 17H
25 INTTAS: 8-bit timer'5 0060H FFFF60H 18H
26 (Reserved) 0064H FFFF64H 19H
27 (Reserved) 0068H FFFF68H 1AH
28 INTTBOO; 16-bit timer 0 (TBORGO) 006CH FFFF6CH 1BH
29 Maskable |[\INTTBO1:16-bit timer O (TBORGL1) 0070H FFFF70H 1CH
30 (Reserved) 0074H FFFF74H 1DH
31 (Reserved) 0078H FFFF78H 1EH
32 INTTBOFO: 16-bit timer O (Overflow) 007CH FFFF7CH 1FH
33 (Reserved) 0080H FFFF80H 20H
34 INTRXO: Serial receive (Channel 0) 0084H FFFF84H 21H
35 INTTXO: Serial transmission (Channel 0) 0088H FFFF88H 22H
36 INTRX1;-Serial receive (Channel 1) 008CH FFFF8CH 23H
37 INTTX1: Serial transmission (Channel 1) 0090H FFFFO0H 24H
38 (Reserved) 0094H FFFF94H 25H
39 (Reserved) 0098H FFFF98H 26H
40 INTAD: AD conversion end 009CH FFFFOCH 27H
41 INTTCO: Micro DMA end (Channel 0) 00AOH FFFFAOH 28H
42 INTTC1: Micro DMA end (Channel 1) 00A4H FFFFA4H 29H
43 INTTC2: Micro DMA end (Channel 2) 00A8H FFFFA8H 2AH
44 INTTC3: Micro DMA end (Channel 3) 00ACH FFFFACH 2BH
- 00BOH FFFFBOH -

to (Reserved) to to to

- O0OFCH FFFFFCH -
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3.5.2

Micro DMA Processing

In addition to general-purpose interrupt processing, the TMP91C829 supprots a micro
DMA function. Interrupt requests set by micro DMA perform micro DMA processing at the
highest priority level (Level 6) among maskable interrupts, regardless of the priority level
of the particular interrupt source. The micro DMA has 4 channels and is possible
continuous transmission by specifing the say later burst mode:

Because the micro DMA function has been implemented with the cooperative operation
of CPU, when CPU goes to a standby mode by HALT instruction, the requirement of micro
DMA will be ignored (Pending).

(1) Micro DMA operation

When an interrupt request specified by the micro DMA start vector register is
generated, the micro DMA triggers a micro DMA request to the CPU at interrupt
priority level 6 and starts processing the request-in spite of any interrupt source’s level.
The micro DMA is ignored on <IFF2:0> = “7”

The 4 micro DMA channels allow micro DMA processing to be set for up to 4 types of
interrupts at any one time. When micro/DMA is accepted, the jinterrupt request
flip-flop assigned to that channel is cleared.

The data are automatically transferred once (1 or 2 or 4 bytes) from the transfer
source address to the transfer destination address set in(the control register, and the
transfer counter is decreased by 1 (1),

If the decreased result is 0; the micro DMA transfer end interrupt (INTTCO to
INTTC3) passes from the CPU to the interrupt controller. In addition, the micro DMA
start vector register DMAnNV is cleared to 0,the next micro DMA is disabled and micro
DMA processing completes. If the decreased result)is other than 0, the micro DMA
processing completes if it isn’t specified the say later burst mode. In this case, the
micro DMA transfer end interrupt (INTTCO to INTTC3) aren’t generated.

If an interrupt request is triggered for the interrupt source in use during the interval
between the clearing of the micro "DMA, start vector and the next setting,
general-purpose interrupt processing executes at the interrupt level set. Therefore, if
only using the intérrupt for starting the micro DMA (Not using the interrupts as a
general-purpose interrupt: level 1 to 6), first set the interrupts level to 0 (Interrupt
requests disabled).

If using micro DMA and general-purpose interrupts together, first set the level of the
interrupt used to start micro DMA processing lower than all the other interrupt levels
(Note). In this case, the cause of general interrupt is limited to the edge interrupt.

The priority of the micro DMA transfer end interrupt INTTCO to INTTC3) is defined
by the interrupt level and the default priority as same as the other maskable interrupt.

Note: If the priority level of micro DMA is set higher than that of other interrupts, CPU operates as follows.
In case INTxxx-interruptis-generated first and then INTyyy interrupt is generated between checking
“Interrupt specified-by-micro DMA start vector” (in the Figure 3.5.1 ) and reading interrupt vector with
setting below. The vector shifts to that of INTyyy at the time.

This is because the priority level of INTyyy is higher than that of INTxxx.

In the interrupt routine, CPU reads the vector of INTyyy because cheking of micro DMA has finished.
And INTyyy is generated regardless of transfer counter of micro DMA.

INTxxx: level 1 without micro DMA

INTyyy: level 6 with micro DMA
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If a micro DMA request is set for more than one channel at the same time, the
priority is not based on the interrupt priority level but on the channel number. The
smaller channel number has the higher priority (Channel 0 (High) > Channel 3 (Low)).

While the register for setting the transfer source/transfer destination addresses is a
32-bit control register, this register can only effectively output 24-bit addresses.
Accordingly, micro DMA can access 16 Mbytes (The upper eight bits of the 32 bits are
not valid).

Three micro DMA transfer modes are supported: 1-byte transfer, 2-byte (One word)
transfer, and 4-byte transfer. After a transfer in any mode, the transfer source/transfer
destination addresses are increased, decreased, or remain unchanged.

This simplifies the transfer of data from I/O to-memory, from memory to I/O. For
details of the transfer modes, see (4) “Detailed description of the transfer mode
register”. As the transfer counter is a 16-bit counter, micro-DMA processing can be set
for up to 65536 times per interrupt source. (The micro DMA processing count is
maximized when the transfer counter initial value is set to 0000H.)

Micro DMA processing can be started by the 23 interrupts shown in the micro DMA
start vectors of Figure 3.5.1 and by the micro. DMA soft start,; making a total of 24
interrupts.

Figure 3.5.2 shows the word transfer micro DMA cycle in transfer destination
address INC mode (except for counter mode, the same as for other modes).

(The conditions for this cycleare based on an external 16-bit bus, 0 waits, transfer
source/transfer destination addresses both even numbered values.)
1state (Note 1) (Note 2)

r v N\

DM1 DM2 DM3 bDM4 DM5 DM6 DM7 DM8

SHAVAV AVAV AVAW AYAYAVAVAVAVAVAV AW

AO to A23 Transfer source address X Transfefdestination
& i

WR /AWR T

DO to D15 X_Dutput

Figure 3:5.2_Timing for Micro DMA Cycle

States 1 to 3: Instruction fetch cycle (Gets next address code).
If 3 bytes and more instruction codes are inserted in the instruction queue
buffer, this'cycle becomes a dummy cycle.

States 4to 5: Micro DMA read cycle.

State 6: Dummy cycle (The address bus remains unchanged from state 5.)

States 7 to 8: Micro DMA write cycle.

Note 1:If the source address area is an 8-bit bus, it is increased by 2 states.
If the source address area is a 16-bit bus and the address starts from an odd number, it is
increased by 2 states.

Note 2:If the destination address area is an 8-bit bus, it is increased by 2 states.
If the destination address area is a 16-bit bus and the address starts from an odd number,
it is increased by 2 states.
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(2) Soft start function

In addition to starting the micro DMA function by interrupts, TMP91C829 includes
a micro DMA software start function that starts micro DMA on the generation of the
write cycle to the DMAR register.

Writing 1 to each bit of DMAR register causes micro DMA once (If write 0 to each
bitm micro DMA doesn’t operate). At the end of transfer, the corresponding bit of the
DMAR register is automatically cleared to 0.

Only one-channel can be set for micro DMA at once. (Do not write 1 to plural bits.)

When writing again 1 to the DMAR register, check whether the bit is 0 before
writing 1. If read 1, micro DMA transfer isn’t started yet.

When a burst is specified by DMAB register, data is continuously transferred until
the value in the micro DMA transfer counter is 'O after start up of the micro DMA
transfer counter doesn’t change. Don’t use Read-modify —write instruction to avoid
writing to other bits by mistake.

Symbol| Name |Address 7 6 5 4 3 2 1 0
DMAR3 DMAR2 DMAR1 DMARO
DMA 89H RN
DMAR request (Prohibit | | |
register RMW) 0 q 0 0
DMA request
(3) Transfer control registers

The transfer source address and the transfer destination address are set in the
following registers. Data- setting for these registers is done by an “LDC crx”

instruction.
Channel 0
DMASO DMA source address register 0: Only use LSB 24 bits.
DMADO DMA destination address register 0: Only use LSB 24 bits.
DMACO DMA counter register 0: 1 to 65536.
; | DMAMO | DMA mode register 0.
|
|
|
Channel 3
DMAS3 DMA source address register 3.
DMAD3 DMA destination address register 3.
| DMAC3 DMA counter register 3.
DMAM3 | DMA mode register 3.
" 8bits
N 16 bits
) 32 bits
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(4) Detailed description of the transfer mode register

< 8 bits >
DMAMO t . . . . .
DMAM3 |0 0 Mode Note: When setting a value in this register, write 0 to the upper 3
| | bits.
Number of Minimum
Number of . ion-S : :
Transfer Bytes Mode Description Execution States| Execution Time
at fc = 36 MHz
000 000 Transfer destination address INC mode
(Fixed) 00 |Bytetransfer | . I/O to memory 8 states 444 ns
(DMADN+) < (DMASh)
01 |word transfer DMACnh <~ DMACn -1
If DMACn = 0, then INTTCn is generated. 12 states 667 ns
10 [ 4-byte transfer
001 Transfer destination address DEC mode
00 | Byte transfer
.............. 1/0 to memory 8 states 444 ns
o1 | word . (DMADN-) « (DMASN)
ord transfer DMAChR < DMACn — 1 > et 67
10 | 4-byte transfer | If DMACN = 0, then INTTCn is generated. Stalgs ns
010 Transfer source address INC mode
00 | Byte transfer
.............. Memory to I/O 8 states 444ns
o1 | word wansf (DMADN) < (DMASN+)
ord transter DMACh < DMACn - 1 S ot .67
10 | 4-byte transfer If DMACh = 0, then INTTCn.is generated. > ns
011 Transfer source address DEC mode
00 | Byte transfer
.............. Memory-to-1/O 8 states 444ns
o1 |word . (DMADN) < (DMASN-)
ord transfer DMACH <= DMACn - 1 B 67
10 | 4-byte transfer If DMACn. = 0, then INTTCn is generated. states ns
100 Fixed address-mode
00 | Byte transfer
.............. /0 to I/O 8 states 444 ns
o1 | wordt ; (DMADnR) ¢ (DMASN-)
ord transter DMACh <~ DMACh - 1 b et 67
10 | 4-byte transfer If DMACn = 0, then INTTCn is generated. states ns
101 00 | Counter mode
............. For-counting number of times interrupt is generated.
DMASNH .« DMASN + 1 5 states 278 ns
DMACn <~ DMACnh -1
If DMACnh = 0, then INTTCn is generated.

Note 1:“n" is the-corresponding micro DMA channels 0 to 3.

DMADN+/DMASNH+: Post-increment (Increment register value after transfer)

DMADN—/DMASNh~;Post-decrement (Decrement register value after transfer)
The 1/Os in the table’'mean-fixed address and the memory means increment (INC) or decrement
(DEC) addresses.

Note 2: Execution time is under the condition of:
16-bit bus width (both translation and destination address area)/0 waits/

fc = 36 MHz/selected high-frequency mode (fc x 1)

Note 3: Do not use an undefined code for the transfer mode register except for the defined codes listed in
the above table.
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3.5.3 Interrupt Controller Operation

The block diagram in Figure 3.5.3 shows the interrupt circuits. The left-hand side of the
diagram shows the interrupt controller circuit. The right-hand side shows the CPU
interrupt request signal circuit and the halt release circuit.

For each of the 26 interrupt channels there is an interrupt request flag (Consisting of a
flip-flop), an interrupt priority setting register and a micro DMA start vector register. The
interrupt request flag latches interrupt requests from the peripherals. The flag is cleared to
zero in the following cases:

e  When reset occurs
e  When the CPU reads the channel vector after accepted its‘interrupt

¢  When executing an instruction that clears the interrupt (Write micro DMA start vector
to INTCLR register)

e When the CPU receives a micro DMA request(when micro DMA is set)
e  When the micro DMA burst transfer is terminated

An interrupt priority can be set independently for each interrupt source by writing the
priority to the interrupt priority setting register (e.g., INTEOAD or INTE12). 6 interrupt
priorities levels (1 to 6) are provided. Setting an interrupt source’s priority level to 0 (or 7)
disables interrupt requests from that source. The priority of non-maskable interrupts (NMI
pin interrupts and watchdog timer interrupts) are fixed at 7. If interrupt request with the
same level are generated at the same time, the default priority (The interrupt with the
lowest priority or, in other words, the interrupt with the lowest vector value) is used to
determine which interrupt request is accepted first.

The 3rd and 7th bits of the interrupt priority setting register indicate the state of the
interrupt request flag and thus whether an interrupt request for a given channel has
occurred.

The interrupt controller sends the interrupt request with the highest priority among the
simulateous interrupts and-its vector address to-the CPU. The CPU compares the priority
value <IFF2:0> in the status register by the interrupt request signal with the priority value
set; if the latter is higher, the interrupt is’accepted. Then the CPU sets a value higher than
the priority value by 1 (+1) in the CPU‘SR <IFF2:0>. Interrupt request where the priority
value equals“or is higher than the set value are accepted simultaneously during the
previous interrupt routine.

When interrupt processing is completed (after execution of the RETI instruction), the
CPU restores the priority value saved in the stack before the interrupt was generated to
the CPU SR<IFF2:0>.

The interrupt controller also has registers (4 channels) used to store the micro DMA start
vector. Writing the start vector of the interrupt source for the micro DMA processing (See
Table 3.5.1), enables the corresponding interrupt to be processed by micro DMA processing.
The values must be set in the micro DMA parameter register (e.g., DMAS and DMAD) prior
to the micro DMA processing.
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Figure 3.5.3 Block Diagram of Interrupt Controller
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(1) Interrupt priority setting registers

Symbol | Name | Address 7 6 5 4 3 2 1 0
INTEO INTAD INTO
& IADC IADM2 | IADM1 | IADMO 10C 10M2 | 10M1 | 10MO
INTEOAD 90H
INTAD R R/W R R/IW
enable 0 o | o | o 0 o | o | o
INT1 INT2 INT1
& I2C i2v2 | 21 | i2mo 11c vz~ [amme | 1Mo
INTE12 91H
INT2 R R/W R R/W
enable 0 o | o | o 0 o .| o | o
INT3 INT4 INT3
& l4C a2 | ami | iamo I3C i3v2 | 13m1 | 13m0
INTE34 92H
INT4 R R/W R R/W
enable 0 0 0 0 0 o | o | o
INTS
INTS | [
NTES - 5C smM2 | ism1 | isMo
enable R RW
0 o | o ] o
INTTAO INTTAL (TMRA1) INTTAOQ (TMRAD)
& ITA1C ITAIM2 | ITAIM1 | ITAIMO ITAOC ITAOM2 | ITAOM1 | ITAOMO
INTETAOL 95H
INTTAL R R/IW R R/IW
enable 0 o | o | o 0 o1 o | o
INTTA2 INTTA3 (TMRA3) INTTA2 (TMRA2)
& ITA3C ITA3M2 | ITASM1 | ITASMO ITA2C ITA2M2 | ITA2M1 | ITA2MO
INTETA23 96H
INTTA3 R R/IW R R/IW
enable 0 o | o | o 0 o | o | o
INTTA4 INTTA5 (TMRA5) INTTA4 (TMRA4)
& ITASC ITASM2 | ITASM1 | ITASMO ITA4AC ITAAM2 | ITAAM1 | ITAAMO
INTETA45 97H
INTTAS R R/W R R/W
enable 0 o/ | o | o 0 o | o | o
[xxM2 | IXxxM1 | IxxMO Function (Write)
0 0 0 Disables interrupt requests
0 0 1 Sets interrupt priority level to 1
0 1 0 Sets interrupt priority level to 2
0 1 1 Sets interrupt priority level to 3
1 0 0 Sets interrupt priority level to 4
Interrupt request flag - T
1 0 1 Sets interrupt priority level to 5
1 1 0 Sets interrupt priority level to 6
1 1 1 Disables interrupt requests
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Symbol | Name | Address 7 6 5 4 3 2 1 0
INTTBO1 (TMRBO) INTTBOO (TMRBO)
Interrupt
P irBo1c | imBoim2 | itBoimz | iTBoamo | 1TBooC | rmBoOM2 | iTBOOMI | ITBOOMO
INTETBO | enable 99H W /
R R R R/IW
TMRBO
0 0 | 0 | 0 0 0 | 0 | 0
Interrupt (Reserved) INTTBOFOQ (overflow)
enable irroc | itFomz | itrom1 | ITFomo
INTETBOV 9BH
TMRBOV R RIW
(overflow) 0 0 | 0 | 0
nt . INTTXO INTRXO0
nterrup
nreso | embie | son imxoc | irxom2 | imxom1 | irxomo | irxoc | irxomz | 1Irxom1 | iIrRxomo
serial 0 R RIW R RIW
0 o | o | o 0 o | o | o
| INTTX1 INTRX1
t t
niermip ITX1C | ITXIM2 | ITXIM1 | ITXIMO | IRX1C | IRX1IM2 | IRX1M1 | IRX1MO
INTES1 enable 9DH R RIW S N
serial 1
0 o | o | o 0 o [0 | o
INTTCO INTTC1 INTTCO
& ITCIC | ITCIM2 | ITCIM1 | ITCIMO-| ITCOC | ITCOM2 | ITCOM1 | ITCOMO
INTETCO1 AOH
INTTC1 R R/W R R/W
enable 0 o | o | o 0 o | o | o
INTTC2 INTTC3 INTTC2
& ircac | meamz2 [ireamt [ireamo | ircac | mcamz | imcamr | imcamo
INTETC23 AlH
INTTC3 R R/W. R R/W
enable 0 o |0 | o 0 o | o | o
XxM2 | IxxMZ-|IxxMO Function (Write)
0 0 0 Disables interrupt requests
ptreq
0 0] 1 Sets interrupt priority level to 1
0 1 0 Sets interrupt priority level to 2
0 1 1 Sets interrupt priority level to 3
i 1 0 0 Sets interrupt priority level to 4
Interrupt request flag 1 0 1 Sets interrupt priority level to 5
1 1 0 Sets interrupt priority level to 6
1 1 1 Disables interrupt requests
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(2) External interrupt control
Symbol| Name |Address 7 6 5 4 3 2 1 0
— 12EDGE I2LE 11DGE 11LE I0OEDGE I0LE NMIREE
W
Interrupt 8CH 0 0 0 0 0 0 0 0
IIMCO finput mode| (Prohibit Write “0”.  [INT2EDGE [INT2EDGE |INT1EDGE [INT1EDGE (INTOEDGE |INTO 1: Operates
control 0 | RMW) 0: Rising  [0: Edge 0: Rising  [0: Edge 0: Rising  |0: Edge even on
1: Falling |1: Level 1: Falling |1: Level 1: Falling-_|1: Level rising +
falling edge
of NMI
INT2 level enable J
0 Edge detect INT
1 H Level INT
INT1 level enable
0 Edge detect INT
1 H Level INT
INTO level enable
0 Edge detect INT
1 H Level INT
NMI rising edge enable
0 INT request generation at falling edge
1 INT request generation at rising/falling edge
Symbol[ Name |[Address 6 5 4 3 2 1 0
ISEDGE ISLE I4EDGE I14LE IBEDGE I3LE
Interrupt W
input SDH . 0 0 0 0 0 0
IIMC1 (Prohibit
mode RMW) INTSEDGE |INT5 INTAEDGE |INT4 INT3EDGE |INT3
controll 0:Rising’ |0: Edge 0:'Rising . |0: Edge 0: Rising  |0: Edge
1:Falling |1: Level 1: Falling  |1: Level 1: Falling |1: Level

INT5 level enable

0

Edge detect INT

1

H Level |

NT

INT4 level enable

0

Edge detect/ INT

1

H Level INT

INT3 level enable

0

Edge detect INT

1

H Level INT

When switching IIMCO and IIMC1 registers, first every FC registers in port which built-in INT function set to 0.
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Setting functions on external interrupt pins

Interrupt Pin Mode Setting Method
- _N__ Falling edge | <NMIREE> = 0
T4 Both falling and rising edges <NMIREE> =1

7 Rising edge | <IOLE> = 0, <IOEDGE> =0

NTO TN Falling edge | <IOLE> =0, <IOEDGE> = 1

A High level | <IOLE> = 1, <IOEDGE> = 0

g/ Lowlevel | <IOLE> =1, <IOEDGE> =1

_7 Rising edge | <I1LE>=0, <I1IEDGE>=0

INTL N Falling edge | <I1LE>=0,<I1EDGE>=1

_/ High level  |'<I1LE> =1, <I1IEDGE> =0

N/ Low level <HLE>=1, <IIEDGE> =1

_A Rising edge | <I2LE>=0, <I2EDGE> =0

T2 T Falling edge| <I2LE> =0, <I2EDGE>=1

VAL High level | | <I2LE> = 1, <I2EDGE>= 0

N Lowlevel | <I2LE>=1, <I2EDGE>=1

A Rising edge | | <I3LE> =0, <ISBEDGE> =0

NT3 TN Falling edge | <I3LE> = 0, <I3EDGE> = 1

A Highlevel | <I3LE> = 1, <I3EDGE> = 0

N/ Lowlevel | <I3LE>=1,<I3EDGE> =1

7 Rising edge | <I4LE> =0, <I4EDGE> = 0

INT4 _N'_ Falling edge | <I4LE>=0; <I4EDGE> =1

/T High level—| <I4LE> =1, <I4EDGE> = 0

N/ Low/level <I4LE> = 1, <I4EDGE> = 1

4 Rising edge | <I5LE> =0, <ISEDGE> = 0

TN Falling edge | <I5LE> =0, <ISEDGE>=1

INTS AN High level | <ISLE> = 1, <ISEDGE> = 0

N/ Lowlevel | <ISLE>=1, <ISEDGE> =1

(3) Interrupt request flag clear register

The interrupt-request flag is/cleared by writing the appropriate micro DMA start
vector, ag given in Table 3.5.1, to the register INTCLR.
For example, to clear-the interrupt flag INTO, perform the following register

operation after execution of the DI instruction.
INTCLR « 0OAH Clearsinterrupt request flag INTO.

]
o
ol
N
w
N
-
o

Symbol}|-Name ||Address

CLRV5 CLRV4 CLRV3 CLRV2 CLRV1 CLRVO
W
0 0 0 0 0 0
Interrupt vector

Interrupt 88H
INTCLR | clear (Prohibit
control RMW)
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(4) Micro DMA start vector registers

These registers assign micro DMA processing to sets which source corresponds to
DMA. The interrupt source whose micro DMA start vector value matches the vector
set in one of these registers is designated as the micro DMA start source.

When the micro DMA transfer counter value reaches zero, the micro DMA transfer
end interrupt corresponding to the channel is sent to the interrupt controller, the
micro DMA start vector register is cleared, and the micro DMA start source for the
channel is cleared. Therefore, in order for micro DMA processing to continue, the
micro DMA start vector register must be set again during processing of the micro
DMA transfer end interrupt.

If the same vector is set in the micro DMA start vector registers of more than one
channel, the lowest numbered channel takes priority.

Accordingly, if the same vector is set in the micro DMA/start vector registers for two
different channels, the interrupt generated on the lower-numbered channel is
executed until micro DMA transfer is complete. If the micro DMA start vector for this
channel has not been set in the channel’s’'micro DMA start vector register again, micro
DMA transfer for the higher-numbered channel will be commenced. (This process is
known as micro DMA chaining.)

Symbol| Name | Address 7 6 5 4 3 2 1 0
OMAO DMAOV5. | DMAOV4 | DMAOV3 | DMAOV2 | DMAOV1 | DMAOVO
vector 0 0 0 0 0 0

DMAGQ start vector

DMA1V5 | DMA1V4 | DMA1V3 | DMA1V2 | DMA1V1 | DMA1V0

DMA1 r
vector 0 0 0 0 0 0
DMAL1 start vector
DMA2V5 | DMA2V4 | DMA2V3 | DMA2V2 | DMA2V1 | DMA2V0
DMA2 W
vector 0 0 0 0 0 0
DMAZ2 start vector
DMA3V5 | DMA3V4 | DMA3V3 | DMA3V2 | DMA3V1 | DMA3V0
DMA3 RIW
vector 0 0 0 0 0 0

DMAB3 start vector

(5)-Specification of a micro DMA burst

Specifying the micro- DMA burst function causes micro DMA transfer, once started,
tocontinue until the value in the transfer counter register reaches zero. Setting any of
the bits'in the register DMAB which correspond to a micro DMA channel (as shown
below) to 1 specifies that any micro DMA transfer on that channel will be a burst

transfer.
Symbol| Name |Address 7 6 5 4 3 2 1 0
DMA 89H DMAR3 DMAR2 DMAR1 DMARO
software . R/W R/W R/W R/W
DMAR request (Prohibit 0 0 0 0
a RMW)
register 1: DMA software request
DMAB3 | DMAB2 | DMAB1 | DMABO
DMA
R/W
DMAB burst 8AH | | |
register 0 0 0 0
1:DMA burst request
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(6) Notes

The instruction execution unit and the bus interface unit in this CPU operate
independently. Therefore if, immediately before an interrupt is generated, the CPU
fetches an instruction which clears the corresponding interrupt request flag (Note), the
CPU may execute this instruction in between accepting the interrupt and reading the
interrupt vector. In this case, the CPU will read the default vector 0008H and jump to
interrupt vector address FFFFO8H.

To avoid the avobe problem, place instructions that clear interrupt request flags
after a DI instruction. And in the case of setting an interrupt enable again by EI
instruction after the execution of clearing instruction, execute EI instruction after
clearing and more than 1 instructions (ex. “NOP” * 1 time). If placed EI instruction
without waiting NOP instruction after execution of clearing instruction, interrupt will
be enable before request flag is cleared.

In the case of changing the value of the interrupt mask register <IFF2:0> by
execution of POP SR instruction, disable an_interrupt by DI instruction before
execution of POP SR instruction.

In addition, take care as the following 2 ¢ircuits are exceptional and demand special
attention.

INTO to INTS5 level mode | In level mode INTO is not.an edge-triggered interrupt. Hence, in level
mode the interrupt-request flip-flop for INTO-does not function. The
peripheral interrupt request passes through the S input of the flip-flop
and becomes the Q output. Ifthe interrupt input mode is changed from
edge -mode to-level mode; the interrupt request flag is cleared
automatically.

(For example: In case of INTO)
If the-CPU enters the interrupt response sequence as a result of INTO
going from O to 1, INTO must then be held at 1 until the interrupt
response sequence has been completed. If INTO is set to level mode
so as to release a halt state, INTO must be held at 1 from the time
INTO changes from-0.to-1 until the halt state is released. (Hence, it is
necessary to ensure that input noise is not interpreted as a 0, causing
INTO to revert to 0 befare the halt state has been released.)
When the mode_changes from level mode to edge mode, interrupt
request flags which were set in level mode will not be cleared.
Interrupt requestflags must be cleared using the following sequence.

Dl

LD (IIMC0), 00H; Switches interrupt input mode from level

mode to edge mode.
LD (INTCLR), OAH; Clears interrupt request flag.

NOP ; Wait El instruction
El
INTRX The interrupt request flip-flop can only be cleared by a reset or by

reading the Serial Channel Receive Buffer. It cannot be cleared by
writing INTCLR register.

Note: The following instructions or pin input state changes are equivalent to instructions which
clear the interrupt request flag.

INTO to INTS5: Instructions which switch to level mode after an interrupt request has been
generated in edge mode.
The pin input changes from high to low after an interrupt request has been
generated in level mode. (H — L)

INTRX: Instructions which read the receive buffer.
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3.6 Port Functions

The TMP91C829 features 53 bit settings which relate to the various I/O ports.

As well as general-purpose I/O port functionality, the port pins also have I/O functions which
relate to the built-in CPU and internal I/Os. Table 3.6.1 lists the functions of each port pin.
Table 3.6.2 lists the I/O registers and their specifications.

Table 3.6.1 Port Functions (R: T = with programmable pull-up resistor)

Port Name | Pin Name | Number of | Direction R Direction Pin Name for Internal
Pins Setting Unit Function
Port 1 P10 to P17 8 1/0 - Bit D8 to D15
Port 2 P20 to P27 8 Output - Bit Al6t0 A23
Port 5 P53 1 /0 () Bit BUSRQ
P54 1 10 () Bit BUSAK
P55 1 10 () Bit WAIT
P56 1 110 ) Bit INTO
Port 6 P60 1 Output - Bit €S0
P61 1 Output - Bit Csi
P62 1 Output - Bit cs2
P63 1 Output - Bit CS3
Port 7 P70 1 110 2 Bit TAOIN/INTL
P71 1 110 - Bit TALOUT
P72 1 110 > Bit TA30OUT/INT2
P73 1 110 - Bit TA4IN/INT3
P74 1 e} N\ Bit TA50UT
P75 1 110 - Bit INT4
Port 8 P80 1 110 0 Bit TXDO
P81 1 10 0 Bit RXDO
P82 1 10 ) Bit SCLKO/ CTS0
P83 1 Ile) 0 Bit STSO
P84 1 e} 0 Bit TXD1
P85 1 110 0 Bit RXD1
P86 1 110 0 Bit SCLK1/CTs1
P87 1 110 () Bit STS1
Port 9 P90 1 1/0 / Bit INT5
P93 1 11O - Bit TBOINO
P94 1 110 = Bit TBOIN1
P95 1 110 - Bit TBOOUTO
P96 1 /O - Bit TBOOUT1
Port A PA3 1 Input - (Fixed) ADTRG
PAO to PA7 7 Input — (Fixed) ANO to AN7
Port Z PZ2 1 110 0 Bit HWR
PZ3 1 11O A Bit
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Table 3.6.2 1/0O Registers and Their Specifications (1/2)

o I/O Registers
Port Name Specification
Pn PnCR | PnFC
Port 1 P10 to P17 Input port X 0 0
Output port X 1 0
D8 to D15 bus X 1 1
Port 2 P20 to P27 Output port X 1 0
A16 to A23 output X 1 1
Port Z pPz2 Input port (without PU) 0 0 0
Input port (with PU) 1 0 0
Output port X 1 0
HWR output X 1 1
Pz3 Input port (without PU) 0 0
Input port (with PU) 1 0 None
Output port X 1
Port 5 P53 Input port (without PU) 0 0 0
Input port (with PU) 1 0 0
Output port X 1 0
BUSRQ input (without PU) 0 0 1
BUSRQ input (with PU) 1 0 1
P54 Input port (without PU) 0 0 0
Input port (with PU) 1 0 0
Output port X 1 0
BUSAK output X 1 1
P55 Input port/WAIT input (without PU) 0 0
Input port/WAIT input (with PU) 1 0 None
Output port X 1
P56 Input port/INTO-input (without PU) 0 0 1
Input port/INTO input (with PU) 1 0 1
Output port X 1 0
Port 6 P60 to P63 Output port X 0
P60 €S0 output X 1
P61 CS1output X None 1
P62 CS2 output X 1
P63 CS3 output X 1
Port 7 P70 to P75 Input port X 0 0
Output port X 1 0
P70 TAOIN input X 0 None
INT1 input X 0 1
P71 TALOUT output X 1 1
P72 TA30UT output X 1 1
INT2 input X 0 1
P73 TA4INinput X 0 None
INT3 input X 0 1
P74 TA50UT output X 1 1
P75 INT4 input X 0 1
X: Don't care
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Table 3.6.3 1/0O Registers and Their Specifications (2/2)

Port

Name

Specification

I/O Registers

U
>

PnCR | PnFC

Port 8

P80

Input port (without PU)

Input port (with PU)

Output port

TXDO output

= |O |O |O

P81

Input port/RXDO input (without PU)

Input port/RXDO input (with PU)

None

Output port

P82

Input port/SCLKO/CTSO input (without PU)

Input port/SCLKO/CTSO input (with PU)

Output port

SCLKO output

P83

Input port (without PU)

Input port (with PU)

Output port

STSO output

P84

Input port (without PU)

Input port (with PU)

Output port

TXD1 output

R OO |O |k OO |O |~ |O |0 |O

P85

Input port/RXD1 input (without' PU)

Input port/RXD1 input (with-PU)

None

Output port

P86

Input port/SCLK1/CTS1 input (without PU)

Input port/SCLK1/CTS1 input (with PU)

Output port

SCLKY output

P87

Input port (without PU)

Input port(with PU)

Qutput port

STS1 output

Port 9

P90

Input port

Output port

INT5 input

P |O|O |k |O |0 |0 |k |Oo |o |o

P93 to P96

Input port

Output port

P93

TBOINO:input

None

P94

TBOINL input

P95

TBOOUTO output

P96

TBOOUT1 output

P IP|O|ICO|IFR|OC|IC|FR |O|FR |FP|O|OC|F |F |O|O|F |O |0 |F |k |©O|C|FR |k |O |0 |- |k |O |0 |k |0 |0 |k |k |O |O

Port A

PA3

Input port

ADTRG input

PAO to PA7

Input port

ANO to AN7

XIX X [X[XIXIX[X[XIXIX[X[X|X|X[P[Oo|X|X[P|[Oo|X |, |OX|X|P|JO[X|X |k |O|[X|X |, |O [X][=|Oo XX |~ |O©

None

X: Don't care

Note 1: When PA1 to PA4 are used as AD converter input channels, a 3-bit field in the AD mode control

register ADMOD1<ADCHZ2:0> is used to select the channel.

Note 2: When PAO is used as the ADTRG input, ADMOD1<ADTRGE> is used to enable external trigger

input.
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After a reset the port pins listed below function as general-purpose I/O port pins.
A reset sets I/0 pins which can be programmed for either input or output to be input port
pins.

Setting the port pins for internal function use must be done in software.

Note about bus release and programmable pull-up 1/O port pins

When the bus is released (e.g., when BUSAK = 0), the output buffersfor DO to D15, A0 to A23,
and the control signals (RD, WR , HWR and CSO to CS3) are off and are set to
high-impedance.

However, the output of built-in programmable pull-up resistors are kept before the bus is
released. These programmable pull-up resistors can be selected on/off by programmable when
they are used as the input ports.

When they are used as output ports, they cannot be turned on/off in software.

Table 3.6.4 shows the pin states after the bus has been released.

Table 3.6.4 Pin States (after bus release)

) Pin State (after bus release)
Pin Names _
Used as Port Used for Function
P10 to P17 Unchanged High-impedance (High-Z)
(D8 to D15) (e.g., not set to high-impedance/(High-Z))
P20 to P27 Unchanged First all bits_are “set” high, then they are set to
(A16 to 23) (e.g., not set to high-impedance (High-Z)) | high-impedance (High-Z).
RD
_ T 0
WR
PZ2 (HWR ) The output buffer is set to off.
0 The programmable pull-up resistor is set to on
irrespective of the output latch.

P60 (CS0)
P61 (CS1)

_ 0 2
P62 (Cs2)
P63 (CS3)
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Figure 3.6.1 shows an example external interface circuit when the bus release function is
used.

When the bus is released, neither the internal memory nor the internal I/O can be accessed.
However, the internal I/O continues to operate. As a result, the watchdog timer also continues
to run. Therefore, the bus release time must be taken into account and care must be taken when
setting the detection time for the WDT.

A

WR

PZ2 (FWR ) g

P60 (CS0)
P61 (Cs1)
P62 (Cs2)
P63 (CS3) )

> System control bus

to > Address bus (A23t0 A16)

P27 (A23)

P20 (A16) } g

Figure 3.6.1 Interface Circuit Example (Using bus release function)

The above circuit is necessary to set the signal level when the bus is released.

Areset sets (RD) and (WR.), P60 (CS0), P61(CS1), P62 (CS2), P63 (CS3) to output, and PZ2
(HWR) and P54 (BUSAK) to input with pull-up resistor.
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3.6.1 Port 1 (P10 to P17)

Port 1 is an 8-bit general-purpose I/0 port. Each bit can be set individually for input or
output using the control register P1CR. Resetting, the control register P1CR to 0 and sets
port 1 to input mode.

In addition to functioning as a general-purpose I/O port, port 1 can also function as an
address data bus (D8 to D15).

In case of AM1 = 0, and AM = 1 (outside 16-bit data bus), port 1 always functions as the
data bus (D8 to D15) irrespective of the setting in P1CR control register.

Reset
M\
. |Direction control
”1 (on bit basis)
P1CR write
»| Output latch > Port 1
" P10 to P17
3 A Output buffer (D8 to D15)
% P1 write
©
g
5
£
< e
ECDD
A
N\
P1 Read
Figure 3.6.2 Port 1
Port 1 Register
7 6 5 4 3 2 1 0
P1 Bit symbol P17 P16 P15 P14 P13 P12 P11 P10
(0001H)| Read/write R/W
After reset Data from external port (Output latch register is cleared to 0.)
Port 1 Control Register
7 6 5 4 3 2 1 0
P1CR_ | Bit symbol P17C P16C P15C P14C P13C P12C P11C P10C
(0004H){ Read/Write W
Als(eset o1 0/ on on o o1 o/ on
(Note)
Function 0: Input  1: Output
Notel: Read-modify-write is prohibited for P1CR.
Note2: It is set to “Port” or “Data bus” by AM pins state.
—> Port 1 1/O setting
Input
Output
Figure 3.6.3 Register for Port 1
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3.6.2  Port2 (P20 to P27)

Port 2 is an 8-bit output port. In addition to functioning as a output port, port 2 can also
function as an address bus (A16 to A23).

Each bit can be set individually for address bus using the function register P2FC.
Resetting sets all bits of the function register P2FC to 1 and sets port 2 to address bus.

~,, Reset
I'ﬁ S
N Function control
” (on bits basis)
3
e}
< P2FC write
[
© :, S
‘_g X
3 Output A; _
£ latch £
5| 5 —{>——T1 Prorz
3]
. 7] P20to P27
P2 write Qutput buffer (A16 to A23)
1
P2 read
Internal A16 to A23
N\
Figure 3.6.4 Port2
Port 2 Register
7 6 5 4 3 2 1 0
P2 Bit symbol P27 P26 P25 P24 P23 P22 P21 P20
(0006H)| Read/Write R/W
After reset 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1
Port 2 Function Register
7 6 5 4 3 2 1 0
P2EC Bit symbol P27F P26F P25F P24F P23F P22F P21F P20F
(0009H) Read/Write W
After reset 1 | o |1 | 1 | 1 | 1 1 | 1
Function 0: Port 1: Address bus (A23 to A16)
Note: Read-modify-write is prohibited for P2FC.
Figure 3.6.5 Register for Port 2
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3.6.3 Port5 (P53 to P56)

Port 5 is an 4-bit general-purpose I/O port. I/O is set using control register P5CR and
P5FC. Resetting resets all bits of the output latch P5 to 1, the control register P5CR and
the function register P5FC to 0 and sets P52 to P56 to input mode with pull-up register.

In addition to functioning as a general-purpose I/O port, port 5 also functions as I/O for
the CPU’s control/status signal.

Reset

-

Direction control

"I (on bit basis)

f

P5CR write

Function control
(on bit basis)

P5FC write {>O—| P-ch (Programmable pull up)

3

S

Output N p—— | P53 (BUSRQ)

latch

Internal data bus

Y

P5 write

1

3
A

P5 read

Internal BUSRQ <«

Figure 3.6.6-Port 53
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Internal data bus

Internal data bus

Reset

-

Direction control

(on bit basis)

0

P5CR write

N Function control

(on bit basis)

P5FC write

R’

S

<
n

N

Output
latch

1

P5 write

Selector

1o >

>0

Output buffer

/]

P-ch (Programmable pull up)

’—D P54(BUSAK )

A

]

Reset

[

R Direction control

(on bit basis)

4
A

P5 read

f

P5CR write

Y

S

y

N

>0

Figure 3.6.7 Port 54

P-ch (Programmable pull up)

Output
latch

P5 write

A

L~

Output buffer

* [ ] P55 (WAIT)

A

>

A
P5 read

Internal WAIT <

Figure 3.6.8 Port 55
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~ Reset

3

N Direction control
(on bit basis)

)
P5CR write

. |Function control
(on bit basis)

A
P5FC write

I’
S

Output latch

P-ch (Programmable pull up)

Internal data bus

. P56 (INTO)
P5 write

Output buffer
—

S Bl€

ﬂ selector
—~ P5 write A

A

&
<

Level or edge

iNTo «——( || and

Rising edge or falling edge

)

IIMCO<IOLE, I0OEDGE>

A

Figure 3.6.9 Port 56
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Port 5 Register
6 5 4 3 2 0
P5 Bit symbol P56 P55 P54 P53
(00ODH)} Read/Write R/IW
After reset Data from external port
(Output latch register is set to 1.)
Function 0(Output latch register): Pull-up resistor OFF
1(Output latch register): Pull-up resistor ON
Port 5 Control Register
6 5 4 3 2 0
PSCR | Bit symbol P56C P55C P54C P53C
(0010H)| Read/Write W
After reset 0 0 | 0 | 0
Function 0: Input  1: Output
1/0 settin
0 Input
1 Output
Port 5 Function Register
6 5 4 3 2 0
PSFC | Bit symbol P56F P54F P53F
(0011H)] Read/Write W w
After reset 0 0 0
Function 0: Port 0: Port 0: Port
1: INTO 1: BUSAK 1: BUSRQ
input

Note 1: Read-modify-write is prohibited for register P5CR, P5FC.
Note 2: When port 5is-used in the input mode, P5 register controls the built-in pull-up resistor. Read-modify-write is
prohibited in the input mode-or the 1/0O mode. Setting the built-in pull-up resistor may be depended on the states of

the input.pin.

Note 3: When P55 pin.is'used as a WAIT pin, set PSCR<P55C> to 0 and chip select/WAIT control register <BnW2:0> to

010.

Figure 3.6.10 Register for Port 5

91C829-52

2006-03-15



TOSHIBA TMP91C829

3.6.4 Port 6 (P60 to P63)

Port 6 is a 4-bit output port. When reset, the P62 latch is cleared to O while the P60 to
P63 output latches are set to 1.

In addition to functioning as an output port, this port can output standard chip select
signals (CS0 to CS3). These settings are made by using the P6FC register. When reset, the

P6FC register has all of its bits cleared to 0, so that the port is set for output mode.

Reset

Funtion
> control

(on bit basis)

A
P6FC write
| S
S A g P60/(C30)
»{ Output » > > D ’

lacth Selector P61 (Cs1),
Output buffer P63 (CS3)

Internal data bus

o)

P6 write

A

P6 read N\ _/
2V CS0, CS1, CS3

Figure 3.6.11 Port 60, 61, 63

Reset

!

\ Function control
(on bit basis)

P6FC write

3

R
»{ Output
latch

&
<

Internal data bus

> [ ] P62 (cs2)
Output buffer

Selector

P6 write

|_¢UJ\)>

(9}
[}
N

P6 read

Figure 3.6.12 Port 62
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Port 6 Register
5 4 3 2 1 0
P6 Bit symbol P63 P62 P61 P60
(0012H)| Read/write R/W
After reset 1 | 0 | 1 | 1
Port 6 Function Register
5 4 3 2 1 0
P6FC | Bit symbol P63F P62F P61F P60F
(0015H)| Read/write W
After reset 0 | 0 | 0 | 0
Function 0:Portl 1: CS
— |

Note: Read-modify-write is prohibited for the registers P6FC.

0 Port (P60)

CS0

0 Port (P61)

CSl

0 Port (P62)

CS2

Port (P63)

Figure 3.6:13 Register for Port 6

CS3
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3.6.5 Port 7 (P70 to P75)

Port 7 is a 6-bit general-purpose I/0 port. Each bit can be set individually for input or
output. Resetting sets port 7 to be an input port. In addition to functioning as a
general-purpose /0 port, the individual port can also have the following functions: Port 70
and 73 can function as the inputs TAOIN and TA4IN to the 8-bit timer, and port 71, 72 and
74 can function as the 8-bit timer outputs TA1OUT, TA3SOUT and TA50UT. For each of the
output pins, timer output can be enabled by writing a 1 to the corresponding bit in the port
7 function register (P7FC).

Resetting resets all bits of the registers P7CR and P7FC to 0, and sets all bits to be input
port pins.

Reset
N
Direction control
(on bit basis)
A
P7CR write
Function control
(on bit basis)
A
2 P7FC write
o
8
s S
= Output latch I P70 (TAOIN/INTL)
s X S Ble P73 ETA4I;\I/INT3)
1= P7 write =~ P75 (INT4
< ﬂ Selector ;;
INT1 P7 read Al
INT3 <
INT4 Level or edge <
and P .
Rising edge or falling edge |* ;:mgg::étg :%EBgE;
TAOIN <€ IIMC1<I4LE, 4EDGE>
TA4IN

Figure 3.6.14 Port 70, 73, 75
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Reset

1

Direction control

(on bit basis)

4
P7CR write

Function control

(on bit basis)

A
P7FC write

I

S

Internal data bus

Timer F/F OUT.

Output latch

0

P7 write

TA50UT: TMRAS

<TA10UT: TMRA1>

A S

Selector

B

Internal data bus

P7 read

Reset

B

Selector

S A

Direction control

I—

Figure 3.6.15 Port 71, 74

(on bit basis)

)
P7CR write

Function control

(on bit'basis)

A
P7FC write

("

(on bit basis)

*
P7FC write

Function-control

S

Timer F/F OUT

Qutput latch

0

P7 write

A S

Selector
B

(TA30UT: TMRA3)

1

B

INT2

W
P7 read

U

Selector

K7

S A

|

Edge or level

and

Rising edge or falling edge

IIMCO<I2LE, I2EDGE>

Figure 3.6

.16 Port 72

D P71 (TALOUT)
P74 (TA50UT)

D P72 (TA3OUT/INT2)
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Port 7 Register
7 6 5 4 3 2 1 0
p7 Bit symbol P75 P74 P73 P72 P71 P70
(0013H)| Read/write R/W
After reset Data from external port (Output latch register is set to 1.)
Port 7 Control Register
7 6 5 4 3 2 1 0
P7CR | Bit symbol P75C P74C P73C P72C P71C P70C
(0016H)| Read/write W
After reset 0 | 0 | 0 | 0 | 0 | 0
Function 0: Input 1: Output
]—> Port 7 1/O setting
0 Input
1 Output
Port 6 Function Register
7 6 5 4 3 2 1 0
P7FC | Bit symbol P72F2 P75F P74F P73F P72F1 P71F P70F
(0017H)| Read/Write w w w W w
After reset 0 0 0 0 0 0 0
Function 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port
1: INT2 1INT4 1: TA50UT [1:INT3 1: TA30UT |1: TA1OUT [1:INT1
input input input input

Note: Read-modify-write is prohibited for the registers

P7CR and P7FC.

|—> Setting P71 as timer output 1

P7FC<P71F>
P7CR<P71C>

> Setting P72 as timer output 3

P7FC<P72F1>
P7CR<P72C>

—> Setting P74 as timer output 5

P7FC<P74F>
P7CR<P74C>

Figure 3.6.17 Register for Port 7
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3.6.6 Port 8 (P80 to P87)

Port 80 to 87 constitute a 8-bit general-purpose I/O port. Each bit can be set
individually for input or output. Resetting sets P80 to P87 to be an input port. It also

sets all bits of the output latch register to 1.

In addition to functioning as general-purpose I/O port, P80 to P87 can also function
as the I/0 for serial channels 0. These function can be enabled for I/O by writing a 1 to
the corresponding bit of the port 8 function register (PSFC).

Resetting resets all bits of the registers PSCR and PSFC to 0 and sets all bits to be
input port (with pull-up resistors).

(1) Port 80 (TXDO0), 84 (TXD1)

As well as functioning as I/O port, port 80, 84 can also function as serial channel

TXD output pins.

These port feature a programmable open-drain function.

Reset

| Derection control

(on bit basis)

A
P8CR write

y

Function control
(on bit basis)

A
P8FC write

Internal data bus

S
Output-latch

Y

A
P8 write

TXDO or TXD1

e/

A S
Selector

B

—

S Bj€

N
P8 read

Selector

3 l\> <
d
Open-drain
possible
ODE<ODES8O0, 84>
output buffer

] P8O (TXDO)
P84 (TXD1)

Al

Figure 3.6.18 Port 80, 84

{>O—| glP-ch (Programmable pul up)
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(2) Port 81 (RXDO), 85 (RXD1)
Port 81, 85 are I/0 port and can also be used as RXD input pin for the serial

channels.

Reset

Derection control

Y

(on bit basis)

A
P8CR write

S

Internal data bus

> Output latch

Y

(3) Port 82 (CTS0/SCLKO), 86 (CTS1/SCLK1)
Port 82, 86 are I/0 port and can-also be used as the CTS input pins or SCLK I/O

RXDO or RXD1

P8 write S B
ﬂ Selector
P8 read Al

Output buffer

Figure 3.6.19 Port81,85

pins for the serial channels.

Reset

A

Direction control
(on bit-basis)

A
P8CR write

Function contorl
(on bit basis)

o
P8BEC write

S

Y

Internal data bus

Y

=]

Output latch

P8 write

A S

Selector

SCLKO—>»—F——F——>

SCLK1

B

S B«

Selector

A

SCLKO,
SCLK1,

CTSO input ™ <
CTS1 input

\/[J,:

P8 read

A4

<

Figure 3.6.20 Port 82, 86

] P81 (RXDO)

—|>O—| %P-ch (Programmable pull up)

>0 ljij-ch (Programmable pull up)

>4 P82 (SCLKO/TTSO )

P86 (SCLK1/CTS1)
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(4) Port 83 (STS0), 87 (STSL)
Port 83, 87 are I/O port and can also be used as STS output for the received

Internal data bus

data request signal.

Reset _..—¢

- Direction control

(on bit basis)

A

P8CR write
‘ l

Function control
N

(on bit basis)

o
P8FC write

P’

A 4

S

Y

Y

Output latch

S

A

{>O—| P-ch (Programmable pull up)

P83 (5TS0)

Y]
Selector

0
P8 write >B
STSO or STS1 v

S

SelectorB

| > . [ 1ps7 (s731)

A

Al

Figure3.6.21 Port 83, 87
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Port 8 Register
7 6 5 4 3 2 1 0
P8 Bit symbol P87 P86 P85 P84 P83 P82 P81 P80
(0018H)| Read/write R/W
After reset Data from external port (Output latch register is set to 1.)
Function 0(Output latch register) : Pull-up resistor OFF
1(Output latch register): Pull-up resistor ON
Port 8 Control Register
7 6 5 4 3 2 1 0
P8CR | Bit symbol P87C P86C P85C P84C P83C P82C P81C P80C
(001AH)] Read/Write w
After reset 0 o | o o | o ] o o | o
Function 0: Input 1: Qutput
[—> Port 8 1/0 setting
0 Input
1 Output
Port 8 Function Register
7 6 5 4 3 2 1 0
P8FC | Bit symbol P87F P86F P84F P83F P82F P8OF
(001BH)| Read/write w w w W W w
After reset 0 0 0 0 0 0
Function 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port
1. STS1 1: SCLK1 1: TXD1 1: STSO 1: SCLKO 1: TXDO
output output output output output input

Note 1: Read-modify-write is prohibited for the registers
P8CR and P8FC.

— To set P80, 84 for TXDO, TXD1 output

P8FC<P80F><P84F>

P8CR<P80C><P84C>

——> To set P82, P86 for SCLKO, SCLK1 output

Note 2: Writing 1 to bitO of the ODE register sets the TXDO, P8FC<P82F><P86F> 1
1 pin-to be open drain. P8CR<P82C><P86C> 1
No register is provided for switching between the T P83 P87 for STSO STS1
I/0 port-and RXD input functions.of the P81/RXDO, 0 set P83, P87 for STSO, STS1 output
P85/RXD1 pin. Hence, when port 8'is used as an P8FC<P83F><P87F> 1
input-port, the serial-data input signals received on PSCR<P83C><P87C> 1
those pins are also.input to the SIO.
Figure 3.6.22 Register for Port 8
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3.6.7 Port9 (P90, P93 to P96)

Port 9 is an 8-bit general-purpose I/0 port. Each bit can be set individually for input or
output, Resetting sets port 9 to be an input port, it also sets all bits in the output latch
register P9 to 1. In addtion to functioning as a general-purpose I/O port, the various pins of
port 9 can also function as the clock input for the 16-bit timer flipflop putput, on as input
INT5. These functions cn be enabled by writing a 1 to the corresponding bits in the port 9
function registers (P9FC).

(1) P90
Reset _"ﬁ
M\
| Direction control
"1 (on bit basis)
PICR write
[%2]
a )
©
g J s
= 1 output latch P90 (INTS)
c
3]
E
P9 write —
v
S
P M Selector
Y A€
P9 read
NV
Level or edge
INTS N\ and <
Rising edge or falling edge
P9FC<P90F> IIMC1<I5LE/ISEDGE>

Figure 3.6.23/Port 90

91C829-62 2006-03-15



TOSHIBA

TMP91C829

Internal data bus

(2) P93 to P96

Reset

1

Direction control

(on bit basis)

0
PICR write

S

Output latch

1

P9 write S B
A

TBOINO

N Selector
P9 read
A

\

TBOIN1

Reset

Direction control

(on bit basis)

)
PICR write

Function control
(on bit basis)

T
POFC write

S

Timer F/F OUT

Output latch —L
0 A S

P9 write
Selector

[]P93 (TBOINO)
P94 (TBOIN1)

TBOOUTO: TMRBO
TBOOUT1: TMRBO

)

]
<1 Selector
P9 read

K7

S-A

T |

Figure-3.6.24 Port P93 to P96

[ ]pos (TBOOUTO)
P96 (TBOOUT1)
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Port 9 Register

7 6 5 4 3 2 1 0
P9 Bit symbol P96 P95 P94 P93 P90
(0019H)| Read/Write RIW RIW
After reset Data from external port Data from
(Output latch register is set to 1.) external port
(Output latch
register is set
to 1.)
Port 9 Control Register
7 6 5 4 3 2 1 0
POCR | Bit symbol P96C P95C P94C P93C P90C
(001CH)| Read/write W W
After reset 0 | 0 | 0 | 0 0
Function 0: Input 0: Input
1: Output 1: Output
I—> Port 9 I/O setting
0 Input
1 Output
Port 9 Function-Register
7 6 5 4 3 2 1 0
POFC | Bit symbol P96F PY5F P9OF
(001DH)| Read/write W W W
After reset 0 0 0
Function 0: Port 0: Port 0: Port
1: TBOOUT1|1: TBOOUTO 1: INT5
input

To set P95 for timer 8 output

1 P9FC<P95F>
1 P9CR<P95C>

To set P96 for timer 9 output

>
Note: Read-modify-write is prohibited for the registers 1 POFC<PY6F
P9CR and P9FC. 1 P9CR<P96C>

Figure 3.6.25 Register for Port 9
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3.6.8 Port A (PAO to PA7)

PA
(0019H)

Port A is an 8-bit input port and can also be used as the analog input pins for the internal

AD converter.

Y
< [TPA0to PA7

" S

2 (ADTRG , ANO

ﬁ Port A read t0 AN7)

©

©

©

c

@

=

Conversion
AD Channel
result 4 H
) converter selector
register
AD read
N
ADTRG < <]
(Only PA3)
Figure 3.6.26 Port A
Port A Register
7 6 5 4 3 2 1 0

Bit symbol PA7 PA6 PA5 PA4 PA3 PA2 PA1 PAO
Read/Write R
After reset Data from external port.

Note: The input channel selection’of AD converter and the permission of ADTRG input are set by AD converter mode register

ADMODL1.

Figure 3.6.27 Register for Port A
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3.6.9 PortZ (PZ2, PZ3)

Port Z is a 4-bit general-purpose I/O port. I/O is set using control register PZCR and
PZFC. Resetting resets all bits of the output latch PZ to 1, the control register PZCR and
the function register PZFC to 0 and sets PZ2 and PZ3 to input mode with pull-up register.

In addition to functioning as a general-purpose I/O port. Port Z also functions as I/O for
the CPU’s control/status signal.

M\

Reset

—3%

Internal data bus

Direction control
(on bit basis)

0

PZCR write

Function control
(on bit basis)

)

I’

PZFC write

&
<

S

> Output
latch

N

f

PZ write

Selector

‘ ;m )y >

I
z
Py

Output buffer

L)

Reset

o
S

(on bit basis)

Direction.control

T—CP——<.

A
PZ read

Figure 3.6.28 Port Z2

A
PZCR write

>0

>

Internal data bus

Output latch

PZ write
1

A
S\ B

Selector

N
PZ read

A

A

Output buffer

Figure 3.6.29 Port Z3

{>0‘| P-ch (Programmable pull'up)

——— |Pz2(FwWR)

P-ch (Programmable pull up)
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Port Z Register
5 4 3 2 0
4 Bit symbol PZ3 pz2
(007DH)} Read/Write R/W
After reset Data from external port
(Output latch register-is
setto 1.)
Port Z Control Register
5 4 3 2 0
PZCR | Bit symbol PZ3 pz2
(007EH)] Read/Write W
After reset 0 | 0
Function 0: Input 1: Output
Setting port Z as /O
0 Input
1 Qutput
Port Z Control Register
5 4 3 2 0
PZFC | Bit symbol PZ2F
(007FH)| Read/write W
After reset 0
Function 0: Port
1: HWR
Note: Read-modify —write is prohibited for the registers-PZCR-and PZFC.
Figure 3.6.30- Register for Port Z
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3.7

Chip Select/Wait Controller

On the TMP91C829, four user specifiable address areas (CSO to CS3) can be set. The data bus
width and the number of waits can be set independently for each address area (CS0 to CS3 plus
any other).

The pins CS0 to CS3 (which can also function as P60 to P63) are the respective output pins

for the areas CSO to CS3. When the CPU specifies an address in one of these areas, the
corresponding CSO to CS3 pin outputs the chip select signal for the specified address area (in

ROM or SRAM). However, in order for the chip select signal to be output, the port 6 function
register P6FC must be set. External connection of ROM and SRAM. is supported.

The areas CSO to CS3 are defined by the values in the memory start address registers
MSARO to MSAR3 and the memory address mask registers MAMRO to MAMRS3.

The chip select/wait control registers BOCS to B3CS and BEXCS should be used to specify the
master enable/disable status the data bus width and the number of waits for each address area.

The input pin which controls these states is the bus wait request pin (WAIT).

3.7.1  Specifying an Address Area

The address areas CSO to CS3 are specified using the memory start address registers
(MSARO to MSAR3) and the memory address mask registers (MAMRO to MAMRS).

During each bus cycle, a compare operation is performed to-determine whether or not the
address specified on the bus corresponds to a location in'oneof the areas CSO to CS3. If the
result of the comparison is a match, it indicates that the corresponding CS area is to be
accessed. If so, the corresponding CSO to CS3 pin outputs the chip select signal and the
bus cycle proceeds according to the settings in the corresponding BOCS to B3CS chip
select/wait control register. (See 8.7.2 “Chip Select/Wait Control Registers”.)
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(1) Memory start address registers

MSARO (00C8H)/
MSAR1 (00CAH)

MSAR2 (00CCH)/
MSARS (00CEH)

Figure 3.7.1 shows the memory start address registers. The memory start address
registers MSARO to MSAR3 determine the start addresses for the memory areas CSO
to CS3 respectively. The eight most significant bits (A23 to A16) of the start address
should be set in <S23:16>. The 16 least significant bits of the start address (A15 to A0)
are fixed to 0. Thus the start address can only be set to lie on a 64-Kbyte boundary,
starting from 000000H. Figure 3.7.2 shows the relationship between the value set in
the start address register and the start address.

Memory Start Address Registers (for areas CS0 to CS3)

7 6 5 4 3 2 1 0
Bit symbol S23 S22 S21 S20 S19 S18 S17 S16
Read/Write R/W
After reset 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1
Function Determines A23 to A16 of start address.

I—) Sets start/addresses for areas CS0 to CS3.

Figure 3.7.1 Memory Start Address Register

Start address Value in start address register (MSARO to MSARS3)

Address

< (01001010]0] = RS 0OH
000000H ¢ 64 Kbytes

010000H ....ooveveis 01H

(07201010101 R 02H

< 030000H .....oovrereere. 03H

040000H .....oev it 04H

050000H .....5.5in. 05H

< (0110]01010] 5 IR 06H

to to
[50101010] PRI FFH

FFFFFFH

Figure 3.7.2 Relationship between Start Address and Start Address Register Value
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(2) Memory address mask registers

Figure 3.7.3 shows the memory address mask registers. The size of each of the areas

CS0 to CS3 can be set by specifying a mask in the corresponding memory address mask
register (MAMRO to MAMRS). Each bit in a memory address mask register (MAMRO
to MAMRS3) which is set to 1 masks the corresponding bit of the start address which
has been set in the corresponding memory start address register (MSARO to MSARS3).
The compare operation used to determine whether or not a bus-address is in one of the

areas CSO to CS3 only compares address bits for which’ a 0-has been set in the

corresponding bit position in the corresponding memory address mask register.

Also, the address bits which each memory address mask register can mask vary from
register to register; hence, the possible size settings for the areas CSO to CS3 differ
accordingly.

Memory Address Mask Register (for CS0.area)

7 6 5 4 3 2 1 0
MAMRO| Bit symbol V20 V19 V18 V17 V16 V15 V14109 V8
(00COH)| Read/Write RIW
After reset T e s 1
Function Sets size of CS0 area.. 0: Used for address compare
Range of possible settings for CS0 area size: 256 bytes.to-2 Mbytes.
Memory Address Mask Register (CS1)
7 6 5 4 3 2 1 0
MAMR1] Bit symbol V21 V20 V19 V18 V17 V16 V15to 9 V8
(00CBH)| Read/Write RIW.
After reset 1 | 1 | 1 | 1 | 1 | 1 | 1 1
Function Sets size of CS1 area. 0: Used for address compare
Range of possible settings for CS1 area size: 256 bytes.to 4 Mbytes.
Memory Address Mask Register (CS2, CS3)
7 6 5 4 3 2 1 0
MAMR2 (00CDH)/| Bit symbol V22 V21 V20 V19 V18 V17 V16 V15
MAMRS3 (00CFH) | Read/write R/W
After reset 1 | 1 | 1 | 1 | 1 | 1 | 1 1
Function Sets size of CS2 or CS3 area. 0: Used for address compare
Range of possible settings for CS2 and CS3 area sizes: 32 Kbytes to 8 Mbytes.
Figure 3.7.3 Memory Address Mask Registers
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(3) Setting memory start addresses and address areas

Figure 3.7.4 shows an example in which CSO0 is specified to be a 64-Kbyte address
area starting at 010000H.

First, MSAR0<S23:16>, the eight most significant bits of the start address register
and which correspond to the memory start address, are set to 01H. Next, based on the
desired CSO area size, the difference between the start address and the end address
(01FFFFH) is calculated. Bits 20 to 8 of this result constitute the mask value for the
desired CSO area size. Setting this value in MAMRO0<V20:8> (Bits 20 to 8 of the
memory address mask register) sets the desired area size for CS0-In this example 07H
1s set in MAMRO, specifying an area size of 64 Kbytes.

|0/0)0j0)0j0j0})2)1}2)21)21)2) 1211} 2) 1)) Memory
end
| 0 | 1 | F | F | F | F | H address
CSO0 area
size
S23 S22 S21 S20 S19 S18 S17 S16 (64 Kbytes)
MSARO|0|0|0|0|0|0|0|1| Memory
start
) | 0 | 1 | H address
V20 V19 V18 V17 V16 V15 V14 to V9 V8
MSMRO:0 :0:0:0JoJoJofoft]t & 1 1 © a]1]s 1 1 1 1 4 1 1| Memoryaddress

mask register
| 0 | 7 | H setting

|—> Setting of 07H specifies a 64-Kbyte area.

Figure 3.7.4 Example Showing How to Setthe CS0O Area

A reset sets MSARO to MSAR3, and MAMRO to MAMR3 to FFH. In addition,
BOCS<BOE>, B1ICS<B1E> and B3CS<B3E> are reset to 0, disabling the CS0, CS1, and
CS3 areas. However, since a reset resets B2CS<B2M> to 0 and sets B2CS<B2E> to 1,
CS2 is-enabled'with the address range 003000H to 01F7FFH, 020000H to FFFFFFH.
When'addresses outside the areas specified as CSO to CS3 are accessed, the bus width
and number of waits specified in BEXCS are used. (See 3.7.2 “Chip Select/Wait
Controller”.)
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(4) Address area size specification

Table 3.7.1 shows the valid area sizes for each CS area and indicates which method
can be used to make the size setting. A “A” indicates that it is not possible to set the
area size in question using the memory start address register and memory address
mask register. If an area size for a CS area marked “A” in the table is to be set, the start
address must either be set to 000000H or to a value that is greater than 000000H by an
integer multiple of the desired area size.

If the CS2 area is set to 16 Mbytes or if two or (more. areas overlap, the
lowest-numbered CS area has highest priority (e.g., CSO has a higher priority than any
other area).

Example: To set the area size for CSO to 128 Kbytes:
a. Valid start addresses

000000H > 128 Kbytes

020000H

> 128 Kbytes Any of these addresses may be set as the start address.
040000H

> 128 Kbytes

060000H
1

b. Invalid start addresses

000000H > 64 Kbytes ~— This'is not.an’integer multiple/ of the desired area size
010000H setting. Hence, none of these addresses can be set as the
030000 > 128 Kbytes start address.
050000H > 128 Kbytes
E
Table 3.7.1 Valid Area Sizes for Each CS Area
ize (bytes)
CS area 256 512 32K 64 K 128 K 256 K 512 K 1M 2M 4 M 8M
CSO o O o o A A A A A
CS1 o o o A A A A A A
CS2 O A A A A A A A
CS3 o A A A A A A A
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3.7.2  Chip Select/Wait Control Registers

Figure 3.7.5 lists the chip select/wait control registers.

The master enable/disable, chip select output waveform, data bus width, and number of
wait states for each address area (CSO to CS3 plus any other) are set in the respective chip
select/wait control registers, BOCS to B3CS or BEXCS.

Chip Select/Wait Control Register

7 6 5 4 3 2 1 0
BOCS Bit symbol BOE BOOM1 BOOMO BOBUS BOW?2 BOW1 BOWO
(00COH) Read/Write W W
Read- After reset 0 o | o 0 o | o | o
modify- Eunction 0: Disable Chip select output Data bus Number of waits
write 1: Enable waveform selection width 000; 2 waits
instructions 00: For ROM/SRAM 0: 16 bits 001: 1 wait
are 01: 1: 8 hits 010: (1 + N) waits— 1xx: Reserved
prohibited. 10: Don't care 011: 0 waits
11:
B1CS Bit symbol B1E B10OM1 | B1OMO B1BUS BI1W?2 | BI1W1 | BI1WO
(00C1H) Read/Write W w
Read- After reset 0 o | o 0 oo/ ] o
modify- Function 0: Disable Chip select output Data bus Number of waits
write 1: Enable waveform selection width 000;2 waits
instructions 00: For ROM/SRAM 0: 16 bits 001:-1 wait
are 01: 1: 8 bits 010: (L+N) waits 1xx: Reserved
prohibited. 10: Don't.care 011:,0 waits
11:
B2CS | Bit symbol B2E B2M B2om1 | B2omo | B2BUS B2w2 | Baw1i | Bawo
(00C2H) .
Read/Write W
Read- After reset 1 0 oo ] o 0 o | o | o
modify- Function 0: Disable |CS2area |Chip select output Data bus Number of waits
write 1: Enable |selection waveform selection width 000: 2 waits
instructions 0: 16-Mbyte | 00: For ROM/SRAM 0: 16 bits 001: 1 wait
are area 01: 1: 8 bits 010: (1 + N) waits  1xx: Reserved
prohibited. 1: CS area |10: Don't care 011: 0 waits
11:
B3CS Bit symbol B3E B30OM1 | B30OMO B3BUS B3W2 I B3wW1 | B3wWO0
(00C3H) | Read/write W w
Read- After reset 0 o |0 0 o | o [ o
modify- Eunction 0: Disable Chip select output Data bus Number of waits
write 1: Enable waveform selection width 000: 2 waits
instructions 00: For ROM/SRAM 0: 16 bits 001: 1 wait
are 01: 1: 8 bits 010: (1 + N) waits  1xx: Reserved
prohibited. 10: Don't care 011: 0 waits
11:
BEXCS | Bit symbol BEXBUS | BExw2 | BEXwi | BEXwO
(00C7H) Read/Write w
Read- After reset 0 0 | 0 | 0
modify- Function Data bus Number of waits
write width 000: 2 waits
instructions 0: 16 bits 001: 1 wait
are 1: 8 bits 010: (1 + N) waits  1xx: Reserved
prohibited. 011: 0 waits
_ . N v
Master enable bit Chip select output )
waveform selection Number of address area waits
0 | CS area disable 00 | For ROM/SRAM (See 3.7.2 (3) “Wait control”.)
1 |CS area enable o1
CS?2 area selection 10 | Don't care —> Data bus width selection
0 | 16-Mbyte area 1 0 [16-bit data bus
1 | Specified address area 1 |8-bit data bus

Figure 3.7.5 Chip Select/Wait Control Registers
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(1

(2

Master enable bits

Bit7 (<BOE>, <B1E>, <B2E>, or <B3E>) of a chip select/wait control register is the
master bit which is used to enable or disable settings for the corresponding address
area. Writing 1 to this bit enables the settings. A reset disables <BOE>, <B1E> and
<B3E> (e.g., sets them to 0) and enables <B2E> (e.g., sets it to 1). Hence after a reset
only the CS2 area is enabled.

Data bus width selection

Bit3 (<BOBUS>, <B1BUS>, <B2BUS>, <B3BUS>, or <BEXBUS>) of a chip
select/wait control register specifies the width of the data bus. This bit should be set to
0 when memory is to be accessed using a 16-bit data bus,’and to 1 when an 8-bit data
bus is to be used.

This process of changing the data bus width according to the address being accessed
1s known as dynamic bus sizing. For details of this bus operation see Figure 3.7.2.

Table 3.7.2 Dynamic Bus Sizing

Operand Data | Operand Start | Memory Data CPU Data
Bus Width Address Bus Width Cf(-Qedress D15
to D8 D7 to DO
8 bits 2n+0 8 bits 2n+0 XXXXX b7 to b0
(Even number) 16 bits 2n+0 XXXXX b7 to b0
2n+1 8 bits 2n+1 XXXXX b7 to b0
(Odd number) 16 bits 2n+ 1 b7-t0 b0 XXXXX
16 bits 2n+0 8 bits 2n¥0 XXXXX b7 to b0
(Even number) 2n +1 XXXXX b15 to b8
16 bits 2n+0 b15 to b8 b7 to b0
2n+1 8 bits 2n+1 XXXXX b7 to b0
(Odd number) 2n +2 XXXXX b15 to b8
16 bits 2n+1 b7 to b0 XXXXX
2n+ 2 XXXXX b15 to b8
32 hits 2n+0 8 bits 2n+0 XXXXX b7 to b0
(Even.number) 2n+1 XXXXX b15 to b8
2n+2 XXXXX b23 to b16
2n+3 XXXXX b31 to b24
16 bits 2n+0 b15 to b8 b7 to b0
2n+2 b31 to b24 b23 to b16
2n+1 8 bits 2n+1 XXXXX b7 to b0
(Odd number) 2n+2 XXXXX b15 to b8
2n+3 XXXXX b23 to b16
2n+4 XXXXX b31 to b24
16 bits 2n+1 b7 to b0 XXXXX
2n+2 b23 to b16 b15 to b8
2n +4 XXXXX b31 to b24

Input data in bit positions marked xxxxx is ignored during a read. During a write,

the bus lines corresponding to these bit positions go high-impedance and the write

strobe signal for the bus remains inactive.
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(3) Wait control

Bits 0 to 2 (<BOWO0:2>, <B1W0:2>, <B2W0:2>, <B3W0:2>, or <BEXW0:2>) of a chip
select/wait control register specify the number of waits that are to be inserted when
the corresponding memory area is accessed.

The following types of wait operation can be specified using these bits. Bit settings
other than those listed in the table should not be made.

Table 3.7.3 Wait Operation Settings

<BxW2:0> | Number of Waits Wait Operation
000 2 waits Inserts a wait of two states, irrespective of.the WAIT pin state.
001 1 wait Inserts a wait of one state, irrespective-of the WAIT pin state.
010 (1 + N) waits Inserts one wait state, then continuously \samples the state of the

WAIT pin. While the WAIT pin-remains low, the wait continues; the
bus cycle is prolonged until the pin goes high.

011 0 waits Ends the bus cycle without a wait, regardless of the WAIT_pin state:
1xx Reserved Do not set.

A reset sets these bits to 000 (2 waits).
(4) Bus width and wait control for an area other'than CS0 to CS3

(5)

The chip select/wait control register BEXCS controls the bus width and number of
waits when memory locations which are not in one of the four user-specified address
areas (CS0 to CS3) are accessed. The BEXCS register settings are always enabled for
areas other than CSO to CS3.

Selecting 16-Mbyte area/specified address area

Setting B2CS<B2M> (bit6 of the chip select/wait control register for CS2) to 0
designates the 16-Mbyte area 001800H to 01F7FFH, 020000H to FFFFFFH as the CS2
area. Setting B2CS<B2M> to 1 designates the address area specified by the start
address register MSAR2 and the address mask register MAMR2 as CS2 (e.g., if
B2CS<B2M> = 1, CS2 is specified'in the same manner as CS0, CS1, and CS3).

A reset/clears this bit to 0, specifying CS2 as a 16-Mbyte address area.
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(6) Procedure for setting chip select/wait control

When using the chip select/wait control function, set the registers in the following
order:

a. Set the memory start address registers MSARO to MSARS3.
Set the start addresses for CSO to CS3.

b. Setthe memory address mask registers MAMRO to MAMRS3.
Set the sizes of CS0 to CS3.

c. Set the chip select/wait control registers BOCS to B3CS.

Set the chip select output waveform, data bus/width, number of waits and
master enable/disable status for CS0 to CS3.

The CSO to CS3 pins can also function as pins P60 to P63. To output a chip
select signal using one of these pins, set the corresponding bit in the port 6
function register P6FC to 1.

If a CSO to CS3 address is specified which is actually an internal I/0, RAM or

ROM area address, the CPU accesses the'internal address-area and no chip select
signal is output on any of the CS0 to CS3 pins.

Example:

In this example CSO is set to-be the 64-Kbyte area-010000H to 0O1FFFFH. The bus
width 1s set to 16 bits and the number of waits is set to0.

MSARO=01H............ Start-address: 010000H

MAMRO =07H.......... Address area: 64 Kbytes

BOCS=83H............... ROM/SRAM, 16-bit data bus, zero waits, CSO area settings
enabled.
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3.7.3  Connecting External Memory

Figure 3.7.6 shows an example of how to connect external memory to the TMP91C829.

In this example the ROM is connected using a 16-bit bus. The RAM and I/O are
connected using an 8-bit bus.

TMP91C829
CSo
Cslp-> Address bus
cs2p>— LA LU )]
A0 cs S S Ics
to Upper byte Lower byte 8-bit 8-bit
A23 ROM ROM RAM l(e}
OE OE [OE_WE [OE_WE
O ) T ) (o] o)
D8< iL
to 3
D15
DO
o 5
D7
RD p—>
WR o>

Figure 3.7.6 -Example of External Memory Connection
(ROM uses 16-bit bus; RAM and I/O use 8-bit bus.)

A reset clears all bits of the port 4 control register P6CR and the port 6 function register
P6FC to 0 and disables output of the CS signal. To output the CS signal, the appropriate bit
must be set to 1.
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3.8 8-Bit Timers (TMRA)

The TMP91C829 features six built-in 8-bit timers.
These timers are paired into three modules: TMRAO1, TMRA23 and TMRA45. Each module

consists of two channels and can operate in any of the following four operating modes.

8-bit interval timer mode

16-bit interval timer mode

8-bit programmable square wave pulse generation output mode (PPG = Variable duty cycle

with variable period)

8-bit pulse width modulation output mode (PWM < Variable duty cycle with constant

period)

Figure 3.8.1 to 3.8.3 show block diagrams for TMRAOQ1, TMRA23 and TMRA45.

Each channel consists of an 8-bit up counter, an 8-bit comparator and an 8-bit timer register.

In addition, a timer flip-flop and a prescaler are provided for each pair of channels.

registers).

The operation mode and timer flip-flops are controlled by five control SFRs (Special function

Each of the four modules (TMRAO01, TMRA23, and TMRA45) can be operated independently.

All modules operate in the same manner; hence only the operation-of TMRAO1 is explained

here.
Table 3.8.1 Registers and Pins for Each Module
Module
TMRAO1 TMRA23 TMRA45
Input pin for external TAOIN No TA4IN
External |clock (Shared with P70) (Shared with P73)
Pin Output pin for timer TA1OUT TA30UT TAS0UT
flip-flop (Shared with P71) (Shared with P72) (Shared with P74)
Timer run register TAO1RUN (0100H) | TA23RUN (0108H) | TA45RUN (0110H)
; ) TAOREG (0102H) TA2REG (010AH) TA4REG (0112H)
Timer register
SFR TAIREG (0103H) TA3REG (010BH) TASREG (0113H)
(address) |Timer mode register TA01IMOD-(0104H) | TA23MOD (010CH) | TA45MOD (0114H)
Timer flip-flop control
register TALFFCR (0105H) | TA3FFCR (010DH) | TA5FFCR (0115H)
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Block Diagrams
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3.8.2  Operation of Each Circuit

(1) Prescalers
A 9-bit prescaler generates the input clock to TMRAO1.
The clock ¢TO is divided by 4 and input to this prescaler. ¢TO can be either fFrpH or
fc/16 and is selected using the prescaler clock selection register SYSCRO<PRCK1:0>.
The prescaler’s operation can be controlled using TAOLRUN<TAOPRUN> in the
timer control register. Setting <TAOPRUN> to 1 starts the count; setting <TAOPRUN>

to O clears the prescaler to zero and stops operation. Table 3.8.2' shows the various
prescaler output clock resolutions.

Table 3.8.2 Prescaler Output Clock Resolution

at fc = 36 MHz
Prescaler Gear Value Prescaler Output Clock Resolution
Clock Selection <GEAR2:0>
<PRCK1:0> oT1 oT4 $T16 $T256
000 (fc) 23/c (0.22 ps) | 2%c (0.9 4is) | 2"/fc (3.6 us) | 2"Mfc (57 us)
001 (fcyo) 2ffc (0.4 ps) | 2%fc (18 pus) | | 2%fc (7.4 us) | 2™¥fc (114 1s)
(frPH) 010 (fc/4) 2°/c (0.9 ps) (| 27c (3.6 us) | 2%fc (14 pus) | 2"fc (228 u8)
011 (fcsg) 2%fc (1.8 us) | 2%fc (7.0 us) | 2"%fc (28'ps) | 2™ffc/(455 ps)
100 (fc/16) 2'lfc (3.64s). | 2%ic (14 ps) | 2™fc (57 us) | 2"%/c (910 ps)
10 , . “ 5
(fc/16 clock) XXX 2'[fc (3:6-us). | 27/fc (14 pns) 277/fc (67 ps) |27/fc (910 ps)

xxx: Don't care

(2) Up counters (UCO and UC1)

These are 8-bit binary counters which count up the input clock pulses for the clock
specified by TAOIMOD.

The input clock for UCO is selectable-and can be either the external clock input via
the TAOIN pin or one of the three internal clocks ¢T1, $T4, or $T16. The clock setting is
specified by the value set in TAOIMOD<TAO01CLK1:0>.

The input clock for UC1 depends on the operation mode. In 16-bit timer mode, the
overflow output-from UCO is used as the input clock. In any mode other than 16-bit
timer mode, the input clock-is selectable and can either be one of the internal clocks
¢T1, ¢T16, or $T256, or the comparator output (The match detection signal) from
TMRAO.

For each interval timer the timer operation control register bits
TAO1IRUN<TAORUN> and TAOIRUN<TA1RUN> can be used to stop and clear the up

counters and tocontrol their count. A reset clears both up counters, stopping the
timers.
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(3) Timer registers (TAOREG and TA1REG)

These are 8-bit registers which can be used to set a time interval. When the value set
in the timer register TAOREG or TAIREG matches the value in the corresponding up
counter, the comparator match detect signal goes active. If the value set in the timer
register is 00H, the signal goes active when the up counter overflows.

The TAOREG are double buffer structure, each of which makes a pair with register
buffer.

The setting of the bit TAOIRUN<TAORDE> determines whether TAOREG’s double
buffer structure is enabled or disabled. It is disabled if <TAORDE> = 0 and enabled if
<TAORDE> = 1.

When the double buffer is enabled, data is transferred from the register buffer to the
timer register when a 2noverflow occurs in PWM mode, or at the start of the PPG cycle
in PPG mode. Hence the double buffer cannot be used in timer mode.

A reset initializes <TAORDE> to 0, disabling the double buffer. To use the double

buffer, write data to the timer register, set <TAORDE> to 1, and write the following
data to the register buffer. Figure 3.8.4 shows the configuration of TAOREG.

Timer registers 0 (TAOREG) Selector
AN B Matching detection in PPG cycle
Y 2" overflow of PWM
Shift trigger A
Write to TAOREG
Register buffers 0 s

AN

Write
{ Internal data bus {/ TAOIRUN<TAORDE>

Figure 3.8.4 Configuration of TAOREG

Note: The same memory address is allocated to the timer register and the register buffer. When

<TAORDE> =0, the same value is written, to the register buffer and the timer register; when
<TAORDE>'= 1, only the register buffer is-written to.

The address of each timer register is as follows.
TAOREG: 000102H TA1REG: 000103H
TA2REG: 00010AH TA3SREG: 00010BH
TA4REG: 000112H TA5REG: 000113H

All these registers are write only and cannot be read.
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(4)

(5)

Comparator (CP0)

The comparator compares the value in an up counter with the value set in a timer
register. If they match, the up counter is cleared to zero and an interrupt signal
(INTTAO or INTTA1) is generated. If timer flip-flop inversion is enabled, the timer
flip-flop is inverted at the same time.

Timer flip-flop (TA1FF)

The timer flip-flop (TA1FF) is a flip-flop inverted by the match detect signal (8-bit
comparator output) of each interval timer.

Whether inversion is enabled or disabled is determined by the setting of the bit
TA1FFCR<TAI1FFIE> in the timer flip-flop control register.

A reset clears the value of TA1FF to 0. Writing 01 or 10 to TAITFFCR<TA1FFC1:0>
sets TA1FF to 0 or 1. Writing 00 to these bits-inverts the value of TA1FF (This is
known as software inversion).

The TA1FF signal is output via the TA1IOUT pin (which can also be used as P71).
When this pin is used as the timer output, the timer flip-flop should be set beforehand
using the port 7 function register P7FC.

Note: When the double buffer is enabled for an8-bit timer in PWM or PPG mode, caution is required
as explained below.

If new data is written to the register buffer immediately before an overflow occurs by a
match between the timer register value and the up-counter value, the timer flip-flop may
output an unexpected value.

For this reason, make sure that in PWM mode new data is'written to the register buffer by
six cycles (fsys x 6) before the-next overflow occurs by using an overflow interrupt.

In the case of using PPG made, make sure that new data is written to the register buffer by
six cycles before the next cycle compare match occurs by using a cycle compare match
interrupt.

Example when using PWM mode

Match between il ﬂ n
TAOREG and up-counter / (
2" overflow interrupt /ﬂ A.l
(INTTAO) \ ( : \ (
1

TA10UT | \|_| town \l_]

(PWM cycle) T

Desired PWM cycle
change point

e e e e

Write new data to the register buffer
before the next overflow occurs by
using an overflow interrupt
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TMRAO1 Run Register
7 5 4 3 2 1 0
TAOLIRUN| Bjt symbol TAORDE I2TAO1 | TAOIPRUN| TAIRUN | TAORUN
(0100H) | Read/write RIW RIW
After reset 0 0 0 | 0 | 0
Function Double IDLE2 8-bit timer-run/stop control
buffer 0: Stop 0: Stop and clear
0: Disable 1: Operate |1:Run (Count.up)
1: Enable
l ’
TAOREG double buffer control — Timer. run/stop control
0 Disable 0 Stop and clear
1 Enable 1 Run (Count up)
I2TAO1: Operation in IDLE2 mode
TAO1PRUN: Run'prescaler
TAL1RUN: Run TMRA1
TAORUN: Run TMRAO
Note: The values of bits 4 to 6 of TAOLRUN are undefined when read.
TMRA23 Run Register
7 5 4 3 2 1 0
TA23RUN | Bjt symbol TA2RDE I2TA23 | TA23PRUN| TA3RUN | TA2RUN
(0108H) | Read/Write R/IW R/W
After reset 0 0 0 | 0 | 0
Function Double IDLE2 8-bit timer run/stop control
buffer 0: Stop 0: Stop and clear
0: Disable 1: Operate |1: Run (Count up)
1: Enable
| ’
TA2REG double buffer control — Timer run/stop control
0 Disable 0 Stop and clear
1 Enable 1 Run (Count up)
I2TA23: Operation in IDLE2 mode
TA23PRUN: Run prescaler
TA3RUN: RunTMRA3
TA2RUN: Run TMRA2
Note: The values of bits 4 to 6 of TA23RUN are undefined when read.
Figure 3.8.5 TMRA Registers
2006-03-15
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TMRAA45 Run Register

7 6 5 4 3 2 1 0
TA45RUN | Bjt symbol TA4RDE I2TA45 |TA45PRUN| TASRUN | TA4RUN
(0110H) | Read/Write RIW RIW
After reset 0 0 0 | 0 | 0
Function Double IDLE2 8-bit timer run/stop control
buffer 0: Stop 0: Stop.and clear
0: Disable 1: Operate |1: Run{(Count.up)
1: Enable

l ’

TA4REG double buffer control — Timer.run/stop control

0 Disable
1 Enable

0 Stop and clear

1 Run (Count up)
12T A45:/Operation during IDLE2 mode
TA45PRUN: Run for prescaler
TA5RUN: Run TMRA5S
TA4RUN: Run TMRA4

Note: The values of bits 4 to 6 of TA45RUN are undefined when read:

Figure 3.8.6 TMRA Registers
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TMRAO1 Mode Register
7 6 5 4 3 2 1 0
TAOIMOD| Bit symbol TAOIM1 | TAO1MO PWMO01 PWMOO | TAICLK1 | TAI1CLKO | TAOCLK1 | TAOCLKO
(0104H) | Read/Write R/W
After reset o | o o | o o | o o | o
Function Operation mode PWM cycle Source clock for TMRA1 |Source clock for TMRAO
00: 8-bit timer mode 00: Reserved 00: TAOTRG 00: TAOIN pin
01: 16-bit timer mode 01: 2° 01: ¢T1 01: ¢T1
10: 8-bit PPG mode 10: 2’ 10: ¢T16 10: ¢T4
11: 8-bit PWM mode 11: 2° 11: $T256 11:¢T16
—* M T
L TMRAO source clock selection
00 TAOIN (External input)
01 6T1 (Prescaler)
10 ¢T4 (Prescaler)
11 $T16 (Prescaler)
—> TMRA1 source clock selection
TA01MOD TA0IMOD

<TA01M1:0> = 0%

<TAO01M1:0> =01

Comparator output from

Overflow output from

(16-bit timer mode)

00
TMRAO TMRAO
01 |oT1
107 |¢T16
11 |¢T256
PWM cycle-selection
00 Reserved
01 | 2°x source clock
10 | 2" x source’clock
11 | 2° x source clock

TMRAOQ1 operation mode selection

00 Two 8-bit timers

01 16-bit timer

10 8-bit PPG

11 8-bit PWM (TMRAO), 8-bit timer (TMRA1)

Figure 3.8.7 _TMRA Registers
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TMRAZ23 Mode Register
7 6 5 4 3 2 1 0
TA23MOD] Bit symbol TA23M1 TA23MO PWM21 PWM20 TA3CLK1 | TA3CLKO | TA2CLK1 | TA2CLKO
(010CH) | Read/Write RIW
After reset o | o o | o o | o o | o
Function Operation mode PWM cycle TMRAS clock for TMRA3 |TMRAZ2 clock for TMRA2
00: 8-bit timer mode 00: Reserved 00: TA2TRG 00: Reserved
01: 16-bit timer mode 01: 2° 01: ¢T1 01: ¢T1
10: 8-bit PPG mode 10: 2’ 10: ¢T16 10: ¢T4
11: 8-bit PWM mode 11: 2° 11: ¢T256 11: ¢T16
—¢ ¢ T
L> TMRA2 source clock selection
00 Do not set
01 oT1 (Prescaler)
10 $T4 (Prescaler)
11 6T16 (Prescaler)
—> TMRA3 source clock selection
TA23MOD TA23MOD

<TA23M1:0> = 01

<TA23M1:0> =01

Comparator output from

Qverflow output from
TMRA2

(16-bit timer mode)

00
TMRA2
01 |oT1
10 |¢T16
11 |¢T256
——> PWNM cycle selection
00 Reserved
01 |2 xsource clock
10 | 2" x source clock
11 | 2° x source clock

TMRAZ23 operation mode selection

00 Two 8-bit timers

01 16-bit timer

10 8-bit PPG

11 8-bit PWM (TMRAO), 8-bit timer (TMRA3)

Figure 3.8.8 TMRA Registers
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TMRAA45 Mode Register
7 6 5 4 3 2 1 0
TA45MOD] Bit symbol TA45M1 TA45M0 PWM41 PWM40 TA5CLK1 | TASCLKO | TA4CLK1 | TA4CLKO
(0114H) | Read/Write RIW
After reset o | o o | o o | o o | o
Function Operation mode PWM cycle Source clock for TMRA5S |Source clock for TMRA4
00: 8-bit timer mode 00: Reserved 00: TAATRG 00: TA4IN pin
01: 16-bit timer mode 01: 2° 01: ¢T1 01: ¢T1
10: 8-bit PPG mode 10: 2’ 10: ¢T16 10: ¢T4
11: 8-bit PWM mode 11: 2° 11: ¢T256 11: ¢T16
—¢ ¢ T
L Source clock for TMRA4
00 TA4IN (External input)
01 oT1 (Prescaler)
10 $T4 (Prescaler)
11 6T16 (Prescaler)
—> Source/clock for TMRAS
TA45MOD TA45MOD

<TA45M1:0> = 01

<TA45M1:0> =01

Comparator output from

Qverflow output from

00
TMRA4 TMRA4

01 |oT1

10 |¢T16

11 6T256 (16-bit timer mode)
PWM cycle

00 Reserved

01 |2 xsource clock

10 | 2" x source clock

11 | 2° x source clock

Operation-mode for TMRA45

00 Two 8-bit timers

01 16-bit timer

10 8-bit PPG

11 8-bit PWM (TMRA4), 8-bit timer (TMRAS)

Figure 3.8.9 TMRA Registers
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TMRAL Flip-flop Control Register

6 5 4 3 2 1 0
TAL1FFCR | Bit symbol TALFFC1 TALFFCO TAL1FFIE TALFFIS
(0105H) Read/Write RIW R/W

After reset 1 | 1 0 0

Read- Function 00: Invert TALFF TALFF TALFF
modify-write 01: Set TALFF control for  |inversion
instructions 10: Clear TALFF inversion  [select
are 11: Don't care 0: Disable |0: TMRAO
prohibited. 1: Enable  |1: TMRAL

—~— ¢

|

!

Inverse signal for timer flip-flop 1 (TALFF)
(Don'’t care except in 8-bit timer mode)

Inversion by TMRAO

1 Inversion by TMRA1
Inversion of TA1FF
0 Disabled
1 Enabled

—> Control of

TALEF

00 Inverts the value of TALFF
01 Sets TALFF to 1

10 Clears TA1FF to 0

11 Don't care

Figure 3.8.10 TMRA Registers
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TMRAS Flip-flop Control Register

6 5 4 3 2 1 0
TA3FFCR | Bit symbol TA3FFC1 TA3FFCO TA3FFIE TA3FFIS
(010DH) Read/Write RIW R/W

After reset 1 | 1 0 0

Read- Function 00: Invert TA3FF TA3FF TA3FF
modify-write 01: Set TA3FF control for  |inversion
instructions 10: Clear TA3FF inversion  [select
are 11: Don't care 0: Disable |0: TMRA2
prohibited. 1: Enable  |1: TMRA3

Inverse signal for timer flip-flop 3 (TA3FF)
(Don'’t care except in 8-bit timer mode)

Inversion by TMRA2

1 Inversion by TMRA3
Inversion of TA3FF
0 Disabled
1 Enabled

—> Control of

TA3FF

00 Inverts the value of TA3FF
01 Sets TA3FF to 1

10 Clears TA3FF to 0

11 Don't care

Figure 3.8.11 'TMRA Registers
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TMRAGS Flip-flop Control Register

6 5 4 3 2 1 0
TASFFCR | Bit symbol TASFFC1 TASFFCO TASFFIE TASFFIS
(0115H) Read/Write RIW R/W

After reset 1 | 1 0 0

Read- Function 00: Invert TASFF TASFF TASFF
modify-write 01: Set TASFF control for  |inversion
instructions 10: Clear TASFF inversion  [select
are 11: Don't care 0: Disable |0: TMRA4
prohibited. 1: Enable  |1: TMRA5

—~— ¢

|

!

Inverse signal for timer flip-flop 5 (TASFF)
(Don'’t care except in 8-bit timer mode)

Inversion by TMRA4

1 Inversion by TMRA5
Inversion of TASFF
0 Disabled
1 Enabled

—> Control of

TASFF

00 Inverts the value of TASFF
01 Sets TASFF to 1

10 Clears TASFF to 0

11 Don't care

Figure 3.8.12  TMRA Registers
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TMRA register
| 5 | 4 [ 3 0
TAOREG | bit Symbol -
(0102H) Read/Write W
After reset Undefined
TALREG | bit Symbol -
(0103H) Read/Write W
After reset Undefined
TA2REG | bit Symbol -
(010AH) Read/Write W
After reset Undefined
TA3REG | bit Symbol -
(010BH) | Read/Write W
After reset Undefined
TA4REG | bit Symbol -
(0112H) Read/Write W
After reset Undefined
TASREG | bit Symbol -
(0113H) Read/Write W
After reset Undefined
Note: The above registers are prohibited read-modify-write instruction.
Figure 3.8.13 TMRA Registers
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3.8.4  Operation in Each Mode

(1) 8-bit timer mode
Both TMRAO and TMRA1 can be used independently as 8-bit interval timers.

a. Generating interrupts at a fixed interval (Using TMRA1)

To generate interrupts at constant intervals using TMRA1 (INTTA1), first stop
TMRA1 then set the operation mode, input clock and a cyele-to TAOIMOD and
TA1REG register, respectively. Then, enable the interrupt INTTA1 and start

TMRA1 counting.

Example: To generate an INTTA1L interrupt every 8.8 us at fc = 36 MHz, set each register
as follows:

TAO1RUN “—
TAO1MOD “—

TA1REG “—
INTETAOL «
TAO1RUN “—

* Clock state

0
X

0
1
X

>

X

X: Don't care, —: No change

>

x B

System clock: High frequency (fc)
Prescaler clock: fppH

LSB

Stop TMRAL and clear it to.0:

Select 8-bit timer mode and select ¢T1

((2%fc) ps at fc = 36 MHz) as the input clock.
Set TAIREG to 8.8 us + ¢T1 (2°/fc) = 40 = 28H
Enable INTTAL and setit to level 5.

Start TMRAL counting.

Select the input clock using Table 3.8.4

Note: The input clocks fory TMRAO and TMRAL differ as follows:
TMRAO: Uses TAOIN-input and can be selected from ¢T1, ¢T4, or ¢T16.
TMRAL: Match output of TMRAO and can be selected from ¢T1, ¢T16, ¢T256.
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b. Generating a 50% duty ratio square wave pulse

The state of the timer flip-flop (TA1FF) is inverted at constant intervals and its
status output via the timer output pin (TA10UT).

Example: To output a 1.32 ps square wave pulse from the TALOUT pin at fc = 36 MHz, use the
following procedure to make the appropriate register settings. This example uses
TMRAZ1L; however, either TMRAO or TMRA1 may be used.

* Clock state System clock:  High frequency (fc)
Clock gear: 1 (fc)
Prescaler clock: fgpy

(" TAOLRUN

«— - X X X - - - Stop TMRAL and clearit to 0.

TAO1MOD « 0 0 X X 0 1 - - Select 8-bit timer-mode and select ¢T1
((2%fc)s at fc =36 MHz) as the input clock.

TA1REG « 0 0 0 O 0O 1 1 Set the timer register to 1.32 us +¢T1(2%fc)s =2 =3

TA1FFCR «— X X X X 1 0 1 1 Clear TA1FF.to 0 and set it to invert.on.the match detect
signal from TMRA1.

P7CR « X X - - - - 1 - ) i

P7EC C X X — — x - 1 x } Set P71 to function as the TATOUT pin.

\_ TAOL1RUN «~ — X X X - 1 1 - Start TMRA1 counting.

X: Don't care, —: No change

oA ou S I Yy ey Y et Yt I I I O

TAO1RUN
<TA1RUN>

Bit7 to 2

Up counter Bitl

g0 0|

Comparator

timing

Comparator output
(Match detect)

INTTAL
UC1 clear d [ "
TALFF | |
TALIOUT /
0.67us at fc = 36 MHz

Figure 3.8.14 Square Wave Output Timing Chart (50% duty)
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¢. Making TMRA1 count up on the match signal from the TMRAO comparator

Select 8-bit timer mode and set the comparator output from TMRAO to be the input
clock to TMRAL.

Comparator output |_| |'|
(TMRAO match)

TMRAO up counter 1X2X3X4X5X1X2X3X4X5X1X2X3

(when TAOREG = 5)

TMRAL up counter 1 X 2 X 1
(when TALIREG =2)

TMRAL match output

Figure 3.8.15 TMRA1 Count Up on Signal from TMRAO

(2) 16-bit timer mode

A 16-bit interval timer is configured by pairing the two 8-bit timers - TMRAO and
TMRAL.

To make a 16-bit interval timer in which TMRAO and TMRA1 ‘are cascaded together,
set TAOIMOD<TAO01M1:0> to O1.

In 16-bit timer mode, the overflow output from TMRAOisused as the input clock for
TMRA1, regardless of the value/set in TAOIMOD<TAO1CLK1:0>. Table 3.8.4 shows
the relationship between the timer (Interrupt) cycle and the'input clock selection.

Setting example: To generate an INTTA1 interrupt every 0.22 seconds at fc = 36 MHz, set the
timer registers TAOREG and TA1REG as follows:

* Clock state System clock: /High frequency (fc)
Clock gear: 1 (fc)
Prescaler clock: fppy

If pT16 ((27/fe)s at 36'MHz) is used as the input clock for counting, set the following value in
the registers:
0.22 s + (27/fc)s = 62500 = F424H
(e.g., set TAIREG to F4H and TAOREG to 24H).
As a result, INTTA1 interrupt can be generated every 0.23 [s].
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The comparator match signal is output from TMRAO each time the up counter UCO
matches TAOREG, where the up counter UCO is not be cleared.

In the case of the TMRA1 comparator, the match detect signal is output on each
comparator pulse on which the values in the up counter UC1 and TA1REG match.
When the match detect signal is output simultaneously from both the comparators
TMRAO and TMRA1, the up counters UCO and UC1 are cleared to 0 and the interrupt
INTTA1 is generated. Also, if inversion is enabled, the value of the timer flip-flop
TA1FF is inverted.

Example: When TA1REG = 04H and TAOREG = 80H

Value of up counter 0080H 0180H 0280H 0380H 0480H  0080H

(UC1, UCO)

TMRAO comparator match

detect signal n n " " n "
]

TMRAO comparator match “

detect signal X
1

INTTAO E
|

INTTAL N
|
|

TALOUT ) Inversion

Figure 3.8.16 Timer Output by 16-Bit Timer Mode

(3) 8-bit PPG (Programmable pulse generation) output mode

Square wave pulses c¢an be generated at any frequency and duty ratio by TMRAO.
The output pulses may be active-low or active-high. In this mode TMRA1 cannot be
used.

TMRAO outputs pulses on the TAIQUT pin (which can also be used as P71).

L tH L tL 1
When <TA1FFC1:05="10" [ T 0
[ L |
L tL L tH (]
When/<TALFFC1:0>="01" |
[ L |
Example when <TA1FFC1:0>="01"
TAOREG and UCO match A fl
(Interrupt INTTAO) / /
TAL1REG and UCO match Jﬂ Jl
(Interruput INTTAL) {\ \ (\
TAlOUT
TAOREG
TAIREG

Figure 3.8.17 8-Bit PPG Output Waveforms
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In this mode a programmable square wave is generated by inverting the timer

output each time the 8-bit up counter (UC0) matches the value in one of the timer
registers TAOREG or TA1IREG.

The value set in TAOREG must be smaller than the value set in TAIREG.

Although the up counter for TMRA1l (UC1) is not used in this mode,
TAO1RUN<TA1RUN> should be set to 1 so that UC1 is set for counting.

Figure 3.8.18 shows a block diagram representing this mode.

TA10UT
Selector TAO1RUN<TAORUN> 1
TAOIN
OT1L —> 8-bit (—I TALFF [«<TA1FFCR<TALFFIE>
oT4 —> up counter (UC 0)
OT16 > .
[ ¢ Inversion
TAO1IMOD<TAOCLK1:0> INTTAG
A4
| Comparator | Comparator I INTTAL
i i

TAOREG

‘Shift trigger

tSelector

TAOREG-WR->|

) | Register buffer | | TAIREG |

TAOLIRUN<TAORDE> ﬁ ﬁ

Internal data bus

Figure 3.8.18 Block Diagram of 8-Bit PPG Output Mode

If the TAOREG double buffer is enabled in this mode, the value of the register buffer
will be shifted into TAOREG each time TA1REG matches UCO.

Use of the/double buffer facilitates the handling of low-duty waves (when duty is
varied).

Match with TAOREG
and up counter

(Up counter = Q1) (Up countner = Q2)
Match with TAIREG P
TAOREG ( Shift from register buffer
(Value to be compared) Q1 | Q2
Register buffer Q2 )i Q3
"\ TAOREG (Register buffer)

write

Figure-3.8.19 Operation of Register Buffer
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Example: To generate 1/4 duty 50kHz pulses (at fc = 36 MHz):

[ LT I1

20 ps

* Clock state

System clock:  High frequency (fc)
Clock gear: 1 (fc)
Prescaler clock: fppny

Calculate the value which should be set in the timer register.

To obtain a frequency of 50kHz, the pulse cycle t should be:

t=1/50 kHz = 20 ps
¢T1 = (23/fc)s (at 36 MHz);

20 ps + (23/fc)s = 90
Therefore set TAIREG to 90 (5AH)
The duty is to be set to 1/4: t x 1/4 =20 us x 1/4 =5 s

5 us + (23/fc)s ~ 22
Therefore, set TAOREG = 22 = 16H.

7 6 5

4 TAO1RUN «~ 0 X X
TAO1IMOD «~ 1 0 X
TAOREG «~ 0 0 O
TA1REG «~ 0 1 O
TA1FFCR «~ X X X
P7CR «~ X X -
P7FC «~ X X -
\_ TAO1RUN «~ 1 X X

X: Don't care, —: No change

X P P X X b

32 10
- 000
X X 0 1
o 1 1//0
1 0/1.0
0o 11 X
=
X' = 1 X
- 11 1

Stop TMRAO and TMRAOL and clear it to 0.

Set the 8-bit PPG-mode, and select ¢T1 as input clock.
Write 16H.

Write 5AH.

Set TALFF, enabling both inversion and the double buffer.
10 generates a negative logic pulse.

Set P71.asthe TA1OUT pin.

Start TMRAO and TMRAO1 counting.
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(4) 8-bit PWM output mode
This mode is only valid for TMRAO. In this mode, a PWM pulse with the maximum
resolution of 8 bits can be output.
When TMRAO is used the PWM pulse is output on the TA1OUT pin (which is also
used as P71). TMRA1 can also be used as an 8-bit timer.

The timer output is inverted when the up counter (UC0)‘matches the value set in the
timer register TAOREG or when 2» counter overflow occurs (n= 6;.7, or 8 as specified by
TA01IMOD<PWMO01:00>). The up counter UCO is cleared when 2rcounter overflow
occurs.

The following conditions must be satisfied before this PWM mode can be used.

Value set in TAOREG < Value set for 2» counter overflow
Value set in TAOREG = 0

TAOREG and £ Al 1
UCO match ( /
2n
overflow. /ﬂ /ﬂ
(INTTAO interrupt) \ ( \ (

TALOUT ‘| 54|_‘| e 54|_|

3

S (PWMceycle) 7!

Figure 3.8.20 8-Bit PWM Waveforms

Figure 3.8.21 shows a block diagram representing this mode.

TAQ1IRUN<TAORUNS TA1$UT
TAO% > 8-bit up counter
¢T4 5| Selector (UC 0) Clear TAFF1 [€—TA1FFCR
¢$16_) <TA1FFIE>

T T on Invert
TAOIMOD<TAOCLK1:0> ———>| overflow e—TAOIMOD
control <PWMO01:00>
» Overflow
Comparator
| K ~

4”} - INTTAO
L | TAOREG |
Selector | —
TAOREGWR_) Srft trlgg_ﬁer

Register buffer |

TAOLRUN<TAORDE> T
{ Internal data bus

Figure 3.8.21 Block Diagram of 8-Bit PWM Mode
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In this mode the value of the register buffer will be shifted into TAOREG if 2»
overflow is detected when the TAOREG double buffer is enabled.

Use of the double buffer facilitates the handling of low duty ratio waves.

Match with TAOREG 1 1
Up counter = Q, Up counter = Q,
2" overflow
TAOREG { shift into TAOREG
)
(Value to be compared) Q X Pix Q
Register buffer Q2 X Qs
A TAOREG (Register buffer)

write

Figure 3.8.22 Register Buffer Operation

Example: To output the following PWM waves on the TA1OUT pin at fc =36 MHz:

[ A I R

16.0 us
28.4 us

* Clock state System clock:  High frequency. (fc)
Clock gear: 1 (fc)
Prescaler clock: fepy

To achieve a 28.4 us PWM cycle by setting ¢T1 to (23/fc)s (at fc = 36 MHz):
28.4 pus + (23/fc)s ~ 128 = 20
Therefore n should be set to 7.
Since the low-level period is'16.0 ps when ¢T1 = (23/fc)s,
set the following value for TAOREG:
16.0 ps + (23/fc)s = 72 = 48H

MSB LSB

(" TAOIRUN

./~ X X - - 0 Stop TMRAO and clear it to 0.
TAO1IMOD «-1r 1 1 0 ~—-01 Select 8-bit PWM mode (Cycle: 27) and select ¢T1 as the
input clock.
TAOREG «< 0 1 0 0 1 0o-0.0 Write 48H.
TA1FFCR <« X X X .1 0 1 X Clear TALFF to 0, enable the inversion and double buffer.
P7CR « X X - == - 1 - _
PYFE X X = X 1 } Set P71 and the TALOUT pin.
\._ TAOIRUN « 41X X X = 1 1 1 Start TMRAO counting.

X: Don't care, —: No change
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Table 3.8.3 PWM Cycle
at fc = 36 MHz
Select Prescaler PWM Cycle
Gear Value 5 P
Clock . 2 2 2
<PRCK1:.0> | “GEAR2:0>
’ oT1 oT4 | ¢T16 | ¢T1 oT4 | ¢T16 | ¢6T1 oT4 6T16
000 (fc) 14.2 us [ 56.8 us | 227 pus | 28.4 ps | 113us | 455 ps | 56.8 us | 227 us [ 910 pus
00 001 (fc/2) 28.4us | 113 pus | 455us | 56.8 us | 227 us | 910 us | 113 .ps | 455 us | 1820 ps
(feph) 10 (fc/4) 56.8 us | 227 us | 910 us | 113 us | 455 us | 1820 us| 227)us’ | 910 us | 3640 ps
011 (fc/8) 113 s | 455 s | 1820 us| 227 us | 910 us | 3640 us | 4554s | 1820 us| 7281 s
00 (fc/16) 227 us | 910 ps | 3640 us | 455 us [ 1820 ps | 7281 us] 910 us | 3640 us | 14563 ps
10
(fe/16 clock) XXX 227 ps | 910 ps | 3640 ps | 455 us | 1820 ps [7281 ps| 910 ps | 3640 us | 14563 ps
XXX: Don't care
(5) Settings for each mode
Table 3.8.4 shows the SFR settings for each mode.
Table 3.8.4 Timer Mode Setting Registers
Register Name TAOIMOD TA1FFCR
<Bit Symbol> <TAO01M1.0> <PWMO01:00> /| (<TA1CLK1:0> | <TAOCLKZ1:0> TALFFIS
. ) Upper Timer Lower Timer | Timer F/F Invert
Function Timer Mode PWM Cycle Input Clock Input Clock Signal Select
Lower timer match External clock ) .
8-bit timer x 2 channels 00 - ¢T1, ¢T16, $T256 oT1, T4, $T16 0: Lower timer output
’ ' ' ' 1: Upper timer output
(00, 01, 10, 11) (00, 01, 10, 11)
External clock
16-bit timer mode 01 - - 0T, ¢T4, $T16 -
(00, 01, 10, 11)
External clock
8-bit PPG x 1 channel 10 - - 0T1, T4, $T16 -
(00, 01, 10, 11)
6 a7 8 External clock
2°, 252
8-bit PWM x 1 channel 11 AN - ¢T1, $T4, $T16 -
(01, 10,11)
(00, 01, 10, 11)
- $T1, ¢T16, $T256 )
8-bit timer x 1 channel 11 = - Output disabled
(01, 10, 11)
—: Don't care
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3.9 16-Bit Timer/Event Counters (TMRB)

The TMP91C829 incorporates multifunctional 16-bit timer/event counter (TMRBO0) which
has the following operation modes:

e  16-bit interval timer mode
e  16-bit event counter mode

e  16-bit programmable pulse generation (PPG) mode

The timer/event counter channel consists of a 16-bit up counter, two 16-bit timer registers
(One of them with a double-buffer structure), two 16-bit capture registers, two comparators, a
capture input controller, a timer flip-flop and a control circuit.

The timer/event counter is controlled by an 11-byte control SFR.

This chapter consists of the following items:

Table 3.9.1 Differences between TMRBO

Channel
TMRBO
Spec
External clock/capture‘trigger [-TBOINO (Also used as P93)
External input pins TBOIN1 (Also used as P94)
Pins Timer flip-flop output pins TBOOUTO (Also used as P95)
TBOOUT1 (Also used-as'P96)
Timer run register TBORUN (0180H)
Timer mode register TBOMOD (0182H)
Timer flip-flop control register | TBOFFCR (0183H)
TBORGOL (0188H)
. 4 TBORGOH (0189H)
SFR Timer register
TBORGI1L (018AH)
(address)
TBORG1H (018BH)
TBOCPOL (018CH)
) TBOCPOH (018DH)
Capture register
TBOCP1L (018EH)
TBOCP1H (018FH)
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3.9.1
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Figure 3.9.1 Block Diagram of TMRBO
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3.9.2

(1) Prescaler

The 5-bit prescaler generates the source clock for TMRBO. The prescaler clock (¢T0)
is divided clock (divided by 4) from selected clock by the register SYSCRO<PRCK1:0> of

clock gear.

This prescaler can be started or stopped using TBORUN<TBORUN>. Counting starts
when <TBORUN> is set to 1; the prescaler is cleared to zero and stops operation when

Operation of Each Block

<TBORUN-> 1s set to 0.

Table 3.9.2 Prescaler Clock Resolution

at fc = 36 MHz
Prescaler Clock Selection | Clock Gear Value Prescaler Clock Resolution
<PRCK1:0> <GEAR2:0> oT1 0T4 6T16

000 (fc) 23Mc (0.2.us) [ 2%fc (0.9 ps) 2/lic (3:6 us)
00 001 (fc/2) 2*lfc (044 ps) [ 2%fc (1.8 ps) 2% (7.1 0s)
(fepp) 010 (fc/4) 2%/c (0.9 us) /| 27/c (3.6 1s) 2°fc /(142 ps)
011 (fc/8) 2% (18 us) [ 2%fc (7.1 ps) 2"%ci(28/4 ps)
100 (fc/16) 2'fc (3.6us) | 2%c (14.2 us) | 2"fc (56.9 ps)

10 7 9 11
(fc/16 clock) XXX 2'/fc (3:6 us) 2°[fc (14.2-ps) 2*[fc (56.9 ps)

xxx: Don't care

(2) Up counter (UCO)

UCO is a 16-bit binary counter which counts up pulses input from the clock specified

by TBOMOD<TBOCLK1:0>.

Any one of the /prescaler internal clocks ¢T1, ¢TBO and ¢T16 or an external clock
input via the TBOINO pin can be selected as the input clock. Counting or stopping and
clearing of the counter is controlled’by TBORUN<TBORUN>.

When clearing is' enabled, the up, counter UCO will be cleared to zero each time its
value matches the value inthe timer register TBORG1H/L. Clearing can be enabled or

disabled using TBOMOD<TBOCLE>.

If clearing is disabled, the counter operates as a free-running counter.

A timer overflow interrupt INTTBOFO) is generated when UCO overflow occurs.
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(3) Timer registers (TBORGOH/L and TBORG1H/L)

These two 16-bit registers are used to set the interval time. When the value in the up
counter UCO matches the value set in this timer register, the comparator match detect
signal will go active.

Setting data for both upper and lower registers is always needed. For example,
either using 2-byte data transfer instruction or using 1 byte date transfer instruction
twice for lower 8 bits and upper 8 bits in order.

The TBORGO timer register has a double-buffer structure, which is paired with
register buffer. The value set in TBORUN<TBORDE> determines whether the
double-buffer structure is enabled or disabled: it is disabled when <TBORDE> = 0, and
enabled when <TBORDE> = 1.

When the double buffer is enabled, data is transferred from the register buffer to the
timer register when the values in the up counter (UC0) and the timer register TBORG1
match.

After a reset, TBORGO and TBORG1 are undefined. If the 16-bit timer is to be used
after a reset, data should be written to it/beforehand.

On a reset TBORUN<TBORDE?> is initialized to 0, disabling the double buffer. To use
the double buffer, write data to the timer register, set <TBORDE> to'1, then write data
to the register buffer as shown below.

TBORGO and the register buffer both have the same memory addresses (000188H
and 000189H) allocated to them. If <TBORDE> = 0, the value is written to both the
timer register and the register buffer. If <TBORDE> =1, the value is written to the
register buffer only.

The addresses of the timer registers are as follows!

== TMRBO - oo oS ne ol S . \

1 1

! TBORGO TBORG1 i
1

i Upper 8 bits Lower 8 bits Upper 8 bits Lower 8 bits !

' (TBORGOH) (TBORGOL) (TBORG1H) (TBORG1L) !

1

| 000189H 000188H 00018BH 00018AH i

1

1 1

The timer registers are write-only registers and thus cannot be read.

(4) Capture registers (TBOCPOH/L and TBOCP1H/L)

These 16-bit registers-are used to latch the values in the up counter UCO.

Data in the capture registers should be read all 16 bits. For example, using a 2-byte
data load instruction or two 1-byte data load instructions. The least significant byte is
read first, followed‘'by'the most significant byte.

The addresses of the capture registers are as follows:

PR 1 \V/1 2 =0 ’

1 1

! TBOCPO TBOCP1 .
1

E Upper 8 hits Lower 8 bits Upper 8 bits Lower 8 bits !

i (TBOCPOH) (TBOCPOL) (TBOCP1H) (TBOCP1L) !

1

' 00018DH 00018CH 00018FH 00018EH i

1

1 1

The capture registers are read-only registers and thus cannot be written to.
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(5)

(6)

(7

Capture input control

This circuit controls the timing to latch the value of up counter UCO into TBOCPO,
TBOCP1. The latch timing for the capture register is determined by
TBOMOD<TBOCPM1:0>.

In addition, the value in the up counter can be loaded into a capture register by
software. Whenever 0 is written to TBOMOD<TBOCPOI>, the current value in the up
counter is loaded into capture register TBOCPO. It is necessary to keep the prescaler in
run mode (e.g., TBORUN<TBOPRUN> must be held at a value of 1).

Note: As described above, whenever 0 is written to TBOMOD<TBOCPOI>, the current
value in the up counter is loaded into capture register TBOCPO. However, note that
the current value in the up counter is also loaded into capture register TBOCPO
when 1 is written to TBOMOD<TBOCPOI> while this hit is holding O.

Note
LR 1
whn whn I " wqn
Write to TBAMOD 0" WR OTWRL TR, 1"WR
register |_| : ! |_|
4 1
1
TBnMOD | ! | :
<TBnCPOI> . !
! 1
Capture : y
Capture Capture,  Capture! NOP
operation - i

Comparators (CP0O and CP1)

CP0 and CP1 are 16-bit comparators which eompare the value in the up counter UCO
with the value set in TBORGO or TBORGY respectively, in order to detect a match. If a
match is detected, the comparator generates an interrupt (INTTB0O or INTTBO1
respectively).

Timer flip-flops (TBOFF0 and TBOFF1)

These flip-flops are-inverted by the match detect signals from the comparators and
the latch signals tothe capture registers. Inversion can be enabled and disabled for
each element using/ TBOFFCR<TBOC1T1, TBOC0T1, TBOE1T1, TBOEOT1>. After a
reset/'the value of TBOFFO is undefined. If 00 is written to TBOFFCR<TBOFF0C1:0> or
<TBOFF1C1:0>, TBOFFO will be inverted. If 01 is written to the capture registers, the
value of TBOFFO will‘be set to 1. If 10 is written to the capture registers, the value of
TBOFFO will be set to 0. The values of TBOFFO0 and TBOFF1 can be output via the timer
output pins TBOOUTO (which is shared with P95) and TBOOUT1 (which is shared with
P96). Timer output should be specified using the port 9 function register.
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3.9.3 SFRs
TMRBO Run Register
7 6 5 4 3 2 0
TBORUN] Bit symbol TBORDE - 12TBO TBOPRUN TBORUN
(0180H) | Read/Write RIW RIW RIW RIW RIW
After reset 0 0 0 0 0
Function Double Always write| IDLE2 16-bit timer-run/stop control
buffer “0”. 0: Stop 0: Stop.and clear
0: Disable 1: Operate |[1: Run (Count up)
1: Enable

Note: The 1, 4 and 5 of TBORUN are read as undefined value.

*

I—> Count operation

Stop and clear

Count

12TBO:

Operation during IDLE2 mode

TBOPRUN: Operation of prescaler

TBORUN: Operation of TMRBO

Figure 3.9.2 Register for TMRB
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TMRBO Run Register
7 6 5 4 3 2 1 0
TBOMOD | Bit symbol TBOCT1 TBOET1 TBOCPOI | TBOCPM1 | TBOCPMO | TBOCLE | TBOCLK1 | TBOCLKO
(0182H) | Read/Write RIW Wi RIW
After reset 0 | 0 1 0 | 0 0 0 | 0
Function TBOFF1 inversion Execute Capture timing Control up |TMRBO source clock
Read 0: Disable trigger software 00: Disable counter 00: TBOINO pin
-modify 1: Enable trigger capture 01: TBOINO T TBOIN1 ™  |0: Disable |01: ¢T1
el o) Ml A el e
is prohibited the UC the UC neeIned ' clgzm: 0
value is value 9
captured to [matches the
TBOCP1. value in
TBORGL1. |
A
I—) TMRBO source clock
00 TBOINO pin
01 |¢T1
10 - |¢T4
11 |4T16
—> Up.counter clear control
0 Disable
1 TBORGL1 clearing on match with TBORG1.
— > Capture
Capture control
00 Disable
o1 CAPO at TBOINO rising
CAP1 at TBOIN1 rising
10 CAPO at TBOINO rising
CAP1 at TBOIN1 rising
11 CAPO at TALOUT rising
CAP1 at TA1OUT falling
— 2 Software capture
0 The value in the up counter is captured to TBOCPO.
1 Undefined (Note)
Note: Whenever writing “0” to TBOMOD<TBOCPOI> bit, present value of up counter is received to capture register

TBOCPO. But write “1” to> TBOMOD<TBOCPOI> in condition of written “0” to TBOMOD<TBOCPOI> bit,

present value of up counter is received to capture register TBOCPO. Therefore you must to regard.

Figure 3.9.3 Register for TMRB
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TMRBO Flip-flop Control Register
7 6 5 4 3 2 1 0
TBOFFCR] Bit symbol TBOFF1C1 | TBOFF1CO | TBOC1T1 | TBOCOT1 | TBOE1T1 | TBOEOT1 | TBOFFOC1 | TBOFFOCO
(0183H) | Read/Write W RIW w*
After reset 0 | 0 1 | 0 | 0 | 0 0 | 0
Function Control TBOFF1 TBOFFO inversion trigger Control TBOFFO
Read 00: Invert 0: Disable trigger 00: Invert
-modify 01: Set 1: Enable trigger 01: Set
“write 10: Clear Invert when |Invert when |Invert when [Invert when |[10:.Clear
instruction 11: Don’t care the UC valuelthe UC valuejthe UC value|the UC value[11: Don’t care
is * Always read as “11". is loaded in |is loaded in |matches the [matchesithe |* Always read as “11”.
prohibited to TBOCPL. |to TBOCPO. |valuein- - |valué in
TBORGL: TBORGO.

I—’ TBOFFO control

00 Invert
01 Setito 11
10 Clearto 0
11 Don't care
—— 2 Inverted when the UC value is-loaded in to TBOCP1.
0 Disable trigger
1 Enable trigger
-———— Inverted'when the UC value'is loaded in to TBOCPO.
0 Disable trigger
1 Enable trigger
—~ > Inverted when the UC value matches the valued in TBORGL.
0 Disable trigger
1 Enable trigger
————— > Inverted when the UC value matches the valued in TBORGO.
0 Disable trigger
1 Enable trigger

Figure-3.9.4 Register for TMRB
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TMRBO Register
| 5 | 4 | 3 0
TBORGOL | bit Symbol —
(0188H) Read/Write W
After reset Undefined
TBORGOH | bit Symbol -
(0189H) Read/Write w
After reset Undefined
TBORGLL | bit Symbol —
(018AH) Read/Write W
After reset Undefined
TBORG1H | bit Symbol -
(018BH) | Read/Wwrite w
After reset Undefined
Note: The above registers are prohibited read-modify-write instruction.
Figure 3.9.5 TMRB Registers
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3.9.4  Operation in Each Mode

(1) 16-bit interval timer mode
Generating interrupts at fixed intervals
In this example, the interrupt INTTBO1 is set to be generated at fixed intervals. The
interval time is set in the timer register TBORG1.
7 6 5 4 3 2 1 0

( TBORUN « 00 X X — 0 X 0 Stop TMRBO.

INTETBO1I « X 1 0O O X O O O Enable INTTBO1 and ‘'set interrupt level 4. Disable

INTTBOO.
TBOFFCR «< 1 1 0 0 0 0 1 1 Disable the trigger:.
TBOMOD «< 0 0 1 0 0 1 =* = Select internal clock for input and
¢* = 01, 10, 11) disable the capture function.
TBORG1 «— FoF Kk ko k% Set the interval time (16 bits).
<« * * * * * * * *

\ TBORUN « 0 0 X X - 1 X 1 Start TMRBO.

X: Don't care, —: No change

(2) 16-bit event counter mode
As described above, in 16-bit timer mode; if the external clock (TBOINO pin input) is
selected as the input clock, the timer can be used as an event counter. To read the
value of the counter, first perform software capture once, then read the captured value.
7 6 5 4 3 2 1/0

rTBORUN « O 0 X X - 0/X.0 Stop TMRBO.
P8CR - - - = 0 = = - Set P93 input mode.
INTETBO1 « X 1 0 O X 0._0_0 Enable INTTBO1 and set interrupt level 4. Disable
INTTBOO.
TBOFFCR «~ 1 1 0 0 00 1 1 Disable the trigger.
TBOMOD «— 0.0 10 O Select TBOINO as the input clock.
TBORG1 R T A G Set.the number of counts (16 bits).
\ «— * * * * * * * *
TBORUN « O O/ X /X - 1 X 1 Start TMRBO.

X: Don't care; - No.change
When the timer is used‘as-an event counter, set the prescaler in run mode
(e.g., with TBORUN<TBOPRUN> = 1).
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(3) 16-bit programmable pulse generation (PPG) output mode

Square wave pulses can be generated at any frequency and duty ratio. The output

pulse may be either low-active or high-active.

The PPG mode is obtained by inversion of the timer flip-flop TBOFFO that is to be
enabled by the match of the up counter UCO with timer register TBORGO or TBORG1
and to be output to TBOOUTO. In this mode the following conditions must be satisfied.

(Value set in TBORGO) < (Value set in TBORG1)

Match with TBORGO ﬂ |‘| |‘| |‘| |‘|
(INTTBOO inerrupt) {

Match with TBORG1 / i /+_| |_| |_| |_|

(INTTBOL1 interrupt)

| L
TBOOUTO pin [ >4+_| |_| |_| |_|

Figure 3.9.5 Programmable Pulse Generation (PPG) Output Waveforms

When the TBORGO double buffer is enabled in this mode, the value of register buffer
0 will be shifted into TBORGO at match with " TBORG1. This feature facilitates the

handling of low-duty waves.

Match with TBORGO I_l |_|
Up counter = Q1 ﬂ Up counter=Q2
Match with TBORG1
[ shiftinto theTBORG1
TBORGO v
(Value to be compared) Q1 4X Q2
Register buffer Q2 X Q3

Write into the TBORGO

Figure 3.9.6 Operation of Register Buffer
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The following block diagram illustrates this mode.

TBORUN<TBORUN>
Selector TBOOUTO%PPG output)
TBOI¥2 :)) 16-bit up counter FIE
T4 —> | Clear
oT16—> uco < (TBOFFO)
\Z N\
16-bit comparator Mgtch 16-bit comparator
AN VAN
Selector TBORGO
AN
TBORGO-WR->
Register buffer 0 TBORG1
TBORUN<TBORDE> ﬁ ﬁ
q Internal data bus g

Figure 3.9.7 Block Diagram of 16-Bit Mode

The following example shows how to set 16-bit PPG output mode:

[ TBORUN “— X ~— 06X 0 Disable the TBORGO double buffer and stop TMRBO.
TBORGO R T R Set the duty ratio (16 bits).
TBORG1 — FF Kk kS ke x X Setthe frequency (16 bits).
TBORUN «~ 1 0 X /X - 0 X O Enable the TBORGO double buffer.
(The duty and frequency are changed on an INTTBO1
interrupt.)
TBOFFCR «~ XX 0,0 1 1 1 O Set the mode to invert TBOFFO at the match with
TBORGO/TBORGL1. Set TBOFFO to 0.
TBOMOD «~ 0.0 1 0 0«12 * * Select the internal clock as the input clock and disable
¢* = 01,10, 11) the capture function.
POCR — - - 1 - - - =" )
]» Set P95 to function as TBOOUTO.
POFC < - 1 X/ X X X -
\ TBORUN «~ 1 0 X X\ - 1 X 1 Start TMRBO.

X:'\Don't care, —: No change
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3.10 Serial Channel

TMP91C829 includes one serial I/O channel. Either UART mode (Asynchronous
transmission) or I/O interface mode (Synchronous transmission) can be selected.

e I/O interface mode —— Mode 0: For transmitting and receiving I/O data using the
synchronizing signal SCLK for extending I/0.

Mode 1: 7-bit data
e UART mode Mode 2: 8-bit data
Mode 3: 9-bit data

In mode 1 and mode 2 a parity bit can be added. Mode 3 has a wakeup function for making the

master controller start slave controllers via a serial link (A multi-controller system).

Figure 3.10.2 and Figure 3.10.3 are block diagrams:

Table 3.10.1 Channels 0.and 1

Channel 0 Channel 1
Pin Name TXDO (P80) TXD1 (P84)
RXDO (P81) RXD1 (P85)
CTS0 /SCLKO(P82) CTS0 /SCLK1(P86)
STSO (P83) STS1 (P87)

e Mode 0 (I/O interface mode)

Roacaan

<—Transfer direction

o
=<
o
=<
~
“ <
3
1
1

e Mode 1 (7-bit UART mode)

No parity \Start/<BitO X 1 X
Parity \Start /<Bit0

N

1

>

e Mode 2 (8-bit UART mode)

No parity \Start Bit0 1

Start A BitO 1

> >

Parity

Bit0 1

\Start

Wakeup function \Start Bit

T
A
A

e Mode 3/(9-bit UART mode)
A
A

> S<]

1

> S><] > > | =<

> S><] >N<>< > ><]
w

> S><] > ><< > S><]
IS

> S><] > > > ><]

> S><] >°‘<>< > ><]

>l OS] >®<><

When Bit8 = 1, address (Select code) is denoted.
When Bit8 = 0, data is denoted.

Figure 3.10.1 Data Formats
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STS0 and STS1 pins are built in port P83 and P87. STS0O and STS1 are the request signal for
the next data send to the CPU. P8CR sets port as output mode, PSFC sets STS using mode, and
bit 0 of SCOMOD1 (SC1MOD1) register sets low level. Then STS is enable to start to transfer
the data.

When SCLK signal is exactly falling edge, STS is disable.

And when it is ended to transfer 8-bits data, the STS can be set to'enable and request the next
data.

In SCLK output mode, the STS function can’t be used.

L
RESIO _|>o_

S
IOBUS D Q ® STS output
WR CK
SCLK 3
< >0 > o
A IPH CK CK
SCLK input
]
SCLK D s R
1
|
™ X X X X X
1
1
3TS <—— STS is Hlevel, when SCLK is falling edge timing.

|
\ REG WR by programming
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3.10.1 Block Diagrams
Figure 3.10.2 is a block diagram representing serial channel 0.
Prescaler
0T0 —>—— 2 [ 4| 8[16[32]64|
vV v
$T2  ¢T8 ¢T32
re- -Serial clock generation circuit- =~ =-==------"~"--------------- !
: BROCR TAOTRG i
! <BROCK1:0> (from TMRAO) !
- I 1
b BROCR ~~~ "BROADD ! !
! | <BR0S3:0> <BROK3:0> ! !
1
1 1 I 1
1 1 I 1
LOTO D 5 i o |UART | _ | 4
T2 1y ~§ ks : > % mode | % SIOCLK
1 7 %) 7 rd T
1$T8 P 8 o ! 8 —1 2 !
| gT32 1> ‘; ! !
1 ! 1 1
! i BROCR : !
| ! <BROADDE> i| | scomoDo |~ scomMoDo;
' [ Baudrate .. ____ ; <SC1:0> (|( <SM1:0>!
' generator i
fsys H—> - !
1 g 1
1 N 1
: N~
SCLKO[H—> s 10 !
> g interface mode |
Shared ' I« '
With P82 / |~ === ===~ - == === - - - oo e s e !
SCOCR
<loC>
I/0 interface Mode INT request
SCLKO[] < \'NTRX(?J
Shared | >INTTXO
with P82 \ I y ~
Receive SCOMODO (Serial channel Transmision
counter <WU> =y |interrupt counter
(Only UART =+ 16) control (Only UART =+ 16)
RXDCLK | % 1 1 Txpck 1 v
SCOMODY Receive Transmission
<RXE> control ,\ control =<0
—{ ] CTSo0
SCOCR |/ Shared
<PE>/ . <EVEN> SCOMODO with P82
. <CTSE>
\ Parity control

RXDO [}

Shared
with P81,

(

—~>{17xDo

>! Receive buffer 1-(Shift register)|
y L4 A
| RB8 |Receive bufferZ(SCOBUF)” Error flag | | TBS | Transmission buffer |—
T T 1 A
SCOCR =
<OERR><PERR><FERR>

Shared
(With P80

)

vy

Internal data bus

Figure 3.10.2 Block Diagram of the Serial Channel 0
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Prescaler
#10-+—>—{2T o [sls2ed
$T2  $T8 ¢T32
re- -Serial clock generation circuit--=-=-----=-=--=--------------- !
: BRICR TAOTRG |
! <BROCK1:0> (from TMRAO) !
U PN 1
! ] BRICR  BRIADD | !
! | <BR1S3:0> <BR1K3:0> !
1
1 I I 1
1 I I 1
10TO f 5 i o [UART| _ [
T2 L) <§ J g : > § mode % ' SIOCLK
1 T T
18 D1 3 ¢ gl gl
1§32 T o ! !
| ' A ! |
! : BRICR | |
i ! <BRIADDE> i| |scimMopo | scimopo;
' [ Baudrate .. _.___ ; <SC1:0> | <SM1:.0>|
! generator !
fsys H—> - i
1 I=] 1
1 N (8] 1
: 5 )
SCLK1[Hi—> > /10 :
[ interface mode !
Shared ' T '
with P86 it éc-ll(-Z-R """""" !
<l0C>
1/0 interface Mode
INT request
SCLK1[} < \'NTRX(?I.
<vathhalr3e;6 ) \ | [ v >INTTX1
Receive SC1MODO |Serial channel Transmision
counter <WU> = |interrupt counter
(Only UART = 16) control (Only/UART =+ 16)
A A
RxpClk ]} 4 txpcLk 4 )
SCIMODO|  Receive Transmission
<RXE> JE—
control /1 \ control ] cTst
\l SC1CR |/ Shared
<PE> <EVEN> SC1MODO with P86
N Parity control <CTSE>
RXD1[] ;!Receive buffer 1(Shift register)|
Shared
with P85 N y N
| RBS8 | Receive buffer2/(SC1BUF) || Error flag | | TB8 | Transmission buffer I——)DTXD]_
SICI1C|I? A = = Shared
<OERR><PERR><FERR> (With P84
~_~ vy
S Internal data bus q

Figure 3.10.3, Block Diagram of the Serial Channel 1
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3.10.2 Operation of Each Circuit

(1) Prescaler, prescaler clock select

There is a 6-bit prescaler for waking serial clock. The clock selected using
SYSCR<PRCK1:0> is divided by 4 and input to the prescaler as ¢TO. The prescaler can
be run by selecting the baud rate generator as the waking serial clock.

Table 3.10.2 shows prescaler clock resolution into the baud rate generator.

Table 3.10.2 Prescaler Clock Resolution to Baud Rate Generator

Select Prescaler Clock Gear Value Prescaler Output Clock Resolution
<PRCK1:0> <GEAR2:0> ¢oTO oT2 oT8 $T32
000 (fc) 2°Ifc 2%1fc 2%/fc 28fc
001 (fc/2) 2%fc 2°fc 2'ffc 2°fc
00 010 (fc/4) 2fc 2%fc 28fc 2"%c
(frPH)
011 (fc/8) 2°Ifc 2'Ifc 2°%c 2"
100 (fc/16) 2%c 28/fc 2'%c 2"2fc
(fc/lGlglock) XXX = 2%Ifc 2"%c 2"%lfc

X: Don't care, —: Cannot be used

The baud rate generator selects between 4 clock inputsi ¢T0, ¢T2, ¢T8, and ¢ T32
among the prescaler outputs.
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(2) Baud rate generator
The baud rate generator is a circuit which generates transmission and receiving
clocks which determine the transfer rate of the serial channels.
The input clock to the baud rate generator, ¢T0, T2, ¢T8 or $T32, is generated by
the 6-bit prescaler which is shared by the timers. One of these input clocks is selected
using the BROCR<BROCK1:0> field in the baud rate generator control register.

The baud rate generator includes a frequency divider, which divides the frequency

by 1 or N+M
16

The transfer rate is determined by the settings of BROCR<BROADDE, BR0S3:0>
and BROADD<BROKS3:0>.
e In UART mode
(1) When BROCR<BROADDE> =0
The settings BROADD<BROK3:0> areignored. The baud rate generator divides
the selected prescaler clock by N, which is set in BROCK<BR0S3:0> (N =1, 2, 3 ...
16).
(2) When BROCR<BROADDE> = 1
The N + (16 — K)/16 division function is enabled. The baud rate generator
divides the selected prescaler clock by N + (16 — K)/16 using the value of N set in
BROCR<BR0S3:0> (N =2, 3....-15) and the value of K set in BROADD<BROK3:0>
K=1,2,3...15).
Note: If N =1 or N =16, the N + (16 — K)/16 division function is disabled. Set
BROCR<BROADDE>to 0.

to 16 values, determining the transfer rate.

e InI/O interface mode
The N + (16 = K)/16-division function is not available in I/O interface mode. Set
BROCR<BROADDE?> to 0 before dividing by N.
The method for-calculating the transfer rate when the baud rate generator is
used is explained below.

o In UART mode

Input cloek of baud rate generator .16
Frequency divider for baud rate generator

Baud rate =

e In I/O interface mode

Input clock of baud rate generator L9
Frequency divider for baud rate generator

Baud rate =

o | /Integer divider (N divider)

For example, when the source clock frequency (fc) = 12.288 MHz, the input clock
frequency = ¢T2 (fc/16), the frequency divider N (BROCR<BR0S3:0>) = 5, and
BROCR<BROADDE> = 0, the baud rate in UART mode is as follows:

* Clock state System clock:  High frequency (fc)
Clock gear: 1 (fc)
Prescaler clock: System clock

fe/16

Baud rate = + 16

=12.288 x 106+ 16 + 5 = 16 = 9600 (bps)
Note: The N + (16 — K)/16 division function is disabled and setting BROADD<BROK3:0>
is invalid.
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N + (16 — K)/16 divider (Only UART mode)

Accordingly, when the source clock frequency (fc) = 4.8 MHz, the input clock
frequency = ¢TO, the frequency divider N (BROCR<BR0S3:0>) = 7, K
(BROADD<BROK3:0>) = 3, and BROCR<BROADDE> = 1, the baud rate in UART
mode is as follows:

* Clock state System clock:  High frequency (fc)
Clock gear: 1 (fc)
Prescaler clock: System clock
Fc/4

Paudrate= =766 g6 O

=4.8 x 106 + 4 + (7 + 13/16) +16 = 9600 (bps)
Table 3.10.3 and 3.10.4 show examples of UART mode transfer rates.

Additionally, the external clock input is available in the serial clock. (Serial
channels 0 and 1). The method for calculating the baud rate is explained below:

e In UART mode

Baud rate = external clock input frequency + 16

It is necessary to satisfy (External clock input cycle) > 4/fc
e In I/O interface mode

Baud rate = external clock input frequency

It is necessary to satisfy (External clock input ¢ycle) > 16/fc
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Table 3.10.3 Transfer Rate Selection (when baud rate generator is used and BROCR<BROADDE> = 0)

Unit (kbps
Input Clock
fc [MHz] | Frequency Divider N ¢TO ¢T2 ¢T8 ¢T32
(BROCR<BR0S3:0>)

9.830400 2 76.800 19.200 4.800 1.200
1 4 38.400 9.600 2.400 0.600

T 8 19.200 4.800 1.200 0.300

) 0 9.600 2.400 0.600 0.150
12.288000 5 38.400 9.600 2.400 0.600
T A 19.200 4.800 1,200 0.300
14.745600 2 115.200 28.800 7.200 1.800
T 3 76.800 19.200 4.800 1.200

1 6 38.400 9.600 2.400 0.600

1 C 19.200 4.800 1.200 0.300
19.6608 1 307.200 76.800 19.200 4.800
) 2 153.600 38.400 93.600 2.400

T 4 76.800 19.10 4,800 1.200

T 8 38.400 9.600 2.400 0.600

T 10 19.200 4.800 1.200 0.300
22.1184 3 115.200 28.800 7.200 1.800
24.576 1 384.000 96.000 24,000 6.000
1 2 192.000 48.000 12.000 3.000

T 4 96.000 24,000 6.000 1.500

) 5 76.800 19.200 4.800 1.200

T 8 48.000 12.000 3.000 0.750

T A 38.400 9.600 2.400 0.600

T 10 24.000 6.000 1.500 0.375
27.0336 B 38.400 9.600 2.400 0.600
29.4912 1 460.800 115.200 28.800 7.200
1 3 153.600 38.400 9.600 2.400

T 4 115.200 28.800 7.200 1.800

) 6 76.800 19.200 4.800 1.200

T 9 51.200 12.800 3.200 1.800

T C 38.400 9.600 2.400 1.600

) F 30.720 7.680 1.920 1.480

T 10 28.800 7.200 1.800 0.450
31.9488 D 38.400 9.600 2.400 0.600
34.4064 7 76.800 19.200 4.800 1.200

Note 1: Transferrates in I/O interface mode are eight times faster than the values given above.

Note 2: The values in this table are calculated for when fc is selected as the system clock, the clock

gear is set for fc and the system clock is the prescaler clock input.

Timer out clock' (TAOTRG) can be used for source clock of UART mode only.

Calculation method the frequency of TAOTRG

Frequency of TAOTRG =

Baud rate x 16

Note 1: The TMRAO match detects signal cannot be used as the transfer clock in 1/O interface mode.
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(3) Serial clock generation circuit
This circuit generates the basic clock for transmitting and receiving data.
e InI/O interface mode
In SCLK output mode with the setting SCOCR<IOC> = 0, the basic clock is
generated by dividing the output of the baud rate generator by 2, as described
previously.
In SCLK input mode with the setting SCOCR<IOC> = 1, the rising edge or falling

edge will be detected according to the setting of the SCOCR<SCLKS> register to
generate the basic clock.

e In UART mode
The SCOMODO0<SC1:0> setting determines whether the baud rate generator
clock, the internal system clock fSys, the match detectsignal from timer TMRAO or
the external clock (SCLKO) is used to generate the basic clock SIOCLK.
(4) Receiving counter

The receiving counter is a 4-bit binary counter used in UART mode which counts up
the pulses of the SIOCLK clock. It takes 16 SIOCLK pulses to-receive 1 bit of data;
each data bit is sampled three times'—on the 7th, 8th, and 9th clock cycles.

The value of the data bit is determined from these three samples using the majority
rule.

For example, if the data bit/is sampled respectively'as 1,0 and 1 on 7th, 8th, and 9th
clock cycles, the received data bit is taken to be 1. A data'bit sampled as 0, 0 and 1 is
taken to be 0.

(5) Receiving control
¢ In I/O interface mode

In SCLK output mode with the setting SCOCR<IOC> = 0, the RXDO signal is
sampled on the rising or falling ‘edge of the shift clock which is output on the
SCLKO pin;according to the SCOCR<SCLKS> setting.

In SCLK4nput mode with the setting SCOCR<IOC> = 1, the RXDO signal is
sampled on the rising or falling edge of the SCLKO input, according to the
SCOCR<SCLKS> setting.

e In UART mode

The receiving control block has a circuit which detects a start bit using the
majority rule. Received bits are sampled three times; when two or more out of
three samples are 0, the bit is recognized as the start bit and the receiving
operation commences.

The values of ‘the data bits that are received are also determined using the
majority rule.

91C829-123 2006-03-15



TOSHIBA TMP91C829

(6) The receiving buffers

To prevent overrun errors, the receiving buffers are arranged in a double-buffer
structure.

Received data is stored one bit at a time in receiving buffer 1 (which is a shift
register). When 7 or 8 bits of data have been stored in receiving buffer 1, the stored
data is transferred to receiving buffer 2 (SCOBUF); this causes an INTRXO0 interrupt
to be generated. The CPU only reads receiving buffer 2 (SCOBUF). Even before the
CPU has finished reading the contents of receiving buffer 2 (SCOBUF), more data can
be received and stored in receiving buffer 1. However, if receiving buffer 2 (SCOBUF)
has not been read completely before all the bits of the next data item are received by
receiving buffer 1, an overrun error occurs. If an overrun‘error occurs, the contents of
receiving buffer 1 will be lost, although the contents of receiving buffer 2 and
SCOCR<RB8&> will be preserved.

SCOCR<RBS8> is used to store either the parity bit — added in 8-bit UART mode — or
the most significant bit (MSB) — in 9-bit UART mode:

In 9-bit UART mode the wakeup function forthe slave controller is enabled by
setting SCOMODO<WU> to 1; in this mode INTRXO interrupts-occur-only when the
value of SCOCR<RBS8> is 1.

(7) Transmission counter

The transmission counter is a 4-bit binary counter whichis used in UART mode and
which, like the receiving counter; counts the SIOCLK clock pulses; a TXDCLK pulse is
generated every 16 SIOCLK clock pulses.

SIOCLK
15 16 M 2 3 4.5 67 8 910 11 12 13 14 15 16 1 2

TXDCLK J" |'|

Figure 3.10.4 Generation of the Transmission Clock

(8) Transmission controller
e InT/O interface mode
In SCLK output mode with the setting SCOCR<IOC> = 0, the data in the
transmission buffer is output one bit at a time to the TXDO pin on the rising edge
or falling edge of the shift clock which is output on the SCLKO pin, according to the
SCOCR<SCLKS> setting.

In SCLK input mode with the setting SCOCR<IOC> = 1, the data in the
transmission buffer is output one bit at a time on the TXDO pin on the rising or
falling edge of the' SCLKO input, according to the SCOCR<SCLKS> setting.

o /In UART mode

When transmission data sent from the CPU is written to the transmission buffer,
transmission starts on the rising edge of the next TXDCLK, generating a
transmission shift clock TXDSF'T.
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Handshake function

Use of CTSO pin allows data can be sent in units of one frame; thus, overrun

errors can be avoided. The handshake functions is enabled or disabled by the
SCOMOD<CTSE> setting.

When the CTSO pin goes high on completion of the current data send, data
transmission is halted until the CTSO pin goes low again. However, the INTTX0

interrupt is generated, it requests the next data send to the CPU. The next data is

written in the transmission buffer and data sending is halted:

Although there is no RTS pin, a handshake function can easily be configured by
assigning any port to perform the RTS function. The RTS should be output high to

request send data halt after data receive is completed by software in the RXD

interrupt routine.

TMP91C829

TXD

CTSO

TMP91C829

Sender

RXD

RTS (Any port)

Receiver

Figure 3.10.5 Handshake Function

[

Timing to writing to the I | (
transmission buffer Y

D
Send is suspended
— f 1 2).
S rom (1) and (2) @

(@)

»n

{4

16

»n

L 0

2 3

LI

1314/ 15
SIOCLK _(’s_ﬂ n n

I
[

TXDCLK

TXD

\ Startbit

A Bit0

»n

Note 1: Ifthe CTS signal goes high during transmission, no more data will be sent after completion of the current

transmission.

Note 2: _Transmission starts on the first falling edge of the TXDCLK clock after the CTS signal has fallen.

Figure 3.10.6 CTS (Clear to send) Timing
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(9) Transmission buffer

The transmission buffer (SCOBUF) shifts out and sends the transmission data
written from the CPU, in order one bit at a time starting with the least significant bit
(LSB) and finishing with the most significant bit (MSB). When all the bits have been
shifted out, the empty transmission buffer generates an INTTXO interrupt.

(10) Parity control circuit

When SCOCR<PE> in the serial channel control register is set to 1, it is possible to
transmit and receive data with parity. However, parity can be added only in 7-bit
UART mode or 8-bit UART mode. The SCOCR<EVEN> field in the serial channel
control register allows either even or odd parity to be selected.

In the case of transmission, parity is automatically generated when data is written
to the transmission buffer SCOBUF. The data is transmitted after the parity bit has
been stored in SCOBUF<TB7> in 7-bit UART mode or in SCOMODO<TBS8> in 8-bit
UART mode. SCOCR<PE> and SCOCR<EVEN> must be set before the transmission
data is written to the transmission buffer.

In the case of receiving, data is shifted into receiving buffer-1, and the parity is
added after the data has been transferred ‘to receiving buffer 2 (SCOBUF), and then
compared with SCOBUF<RB7> in 7-bit. UART mode or with SCOCR<RBS8> in 8-bit
UART mode. If they are not equal; a-parity error is generated-and the SCOCR<PERR>
flag is set.

(11) Error flags
Three error flags are provided to increase the reliability of data reception.
1. Overrun error <OERR>

If all the bits of the next data item have been received in receiving buffer 1 while
valid data still remains stored in receiving buffer'2 (SCOBUF), an overrun error is
generated.

Following shows theoverrun generating process flow example.

(Receiving interrupts routine)

(1) Read of receiving buffer

(2) Read of error flag

(3) If <OERR> = “17

Then

A) Set to receiving enable write “0” to <RXE>
B) Wait end of now flame
C) Read of receiving buffer
D) Read of error flag
E) Set to receiving enable write “1” to <RXE>
F) Request transmission again

(4) Other process

2. Parity error <PERR>
The parity generated for the data shifted into receiving buffer 2 (SCOBUF) is

compared with the parity bit received via the RXD pin. If they are not equal, a parity
error is generated.

3. Framing error <FERR>

The stop bit for the received data is sampled three times around the center. If the
majority of the samples are 0, a framing error is generated.
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(12) Timing generation
a. In UART mode

Receiving
Mode 9 Bits 8 Bits + Parity . . . .
(Note) (Note) 8 Bits, 7 Bits + Parity, 7 Bits
Interrupt timing Center of last bit Center of last bit Center of stop bit
(Bit8) (Parity bit)

Framing error timing

Center of stop bit

Center of stop bit

Center of stop bit

Parity error timing

Center of last bit

Center of stop bit

(Parity bit)
Overrun error timing Center of last bit Center of last bit Center of stop bit
(Bit8) (Parity bit)

Note: In 9-bit mode and 8 bits + parity mode, interrupts coincide with the 9th bit pulse.
Thus, when servicing the interrupt, it is necessary to-allow a 1-bit period to elapse (So
that the stop bit can be transferred) in order to allow proper framing error.checking.

Transmitting

Mode

9 Bits

8 Bits + Parity

8 Bits; 7 Bits +/Parity, 7 Bits

Interrupt timing

Just before stop bitis
transmitted

Just before last data
bit is transmitted

Just before last data bit is
transmitted

b.

I/0 interface

Transmission

SCLK output mode

Immediately after the last bit. (See Figure 3.10.19)

interrupt SCLK input mode Immediately - after rise of \last SCLK signal rising mode, or
timing immediately after fall-in falling mode. (See Figure 3.10.20)
Receiving SCLK output mode Timing used .to transfer.received to data re-ceive buffer 2 (SCOBUF)
interrupt (e.g., immediately after last SCLK). (See Figure 3.10.21)

timing SCLK'input mode Timing used to transfer received data to receive buffer 2 (SCOBUF)

(e.g., immediately after last SCLK). (See Figure 3.10.22)
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3.10.3 SFRs
7 6 5 4 3 2 1 0
SCOMODO | Bjt symbol TB8 CTSE RXE WU SM1 SMO sc1 SCO
(0202H) Read/Write R/W
After reset 0 0 0 0 o | o o | o
Function Transfer Hand shake | Receive Wakeup Serial transmission mode | Serial transmission clock
data bit8 0: CTS function function 00: I/O interface Mode (UART)
disable |0: Receive [O0: Disable |01: 7-bit UART mode 00: TMRAO trigger
1: CTS disable |1:Enable [10: 8-bit UART mode 01: Baud rate generator
enable 1: Receive 11: 9-bit UART mode 10: Internal clock fgys
enable 11: External clcok
(SCLKO input)
*
‘—> Serial transmission clock source (UART)
00 Timer TMRAO match detect signal
01 Baud rate generator
10 |Internal clock fsys
11 External clock (SCLKO input)
Note: The clock selection for the 1/0O interface mode is
controlled by-the serial control register (SCOCR).
—> Serial transmission/mode
00 1/Q interface mode
01 7-bit mode
10 UART 8-bit mode
11 9-bit mode
—> Wakeup function
9-Bit UART Other modes
o Interrupt generated when
data is received
Don't care
1 Interrupt generated only
when SCOCR<RB8> =1
>

Receiving function

0

Receive disabled

1

Receive enabled

Handshake function (CTS pin)

0

Disabled (Always transferable)

1

Enabled

Transmission data bit8

Figure 3.10.7 Serial Mode Control Register (Channel 0, SCOMODO)
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7 6 5 4 3 2 1 0
SC1MODO | Bjt symbol TB8 CTSE RXE WU SM1 SMO SC1 SCO
(020AH) Read/Write R/IW
After reset 0 0 0 0 0 | 0 0 | 0
Function Transfer Hand shake | Receive Wakeup Serial transmission-mode | Serial transmission clock
data bit8 0: CTS function function 00: I/O interface mode (UART)
disable |0: Receive |O0: Disable |01: 7-bit UART mode 00: TMRAO trigger
1: CTS disable |1: Enable 10: 8-bit UART mode 01: Baud rate generator
enable 1: Receive 11: 9-bit UART mode 10: Internal clock fgys
enable 11: External clcok
(SCLK1 input)
*
|—> Serial transmission clock source (UART)
00 Timer TMRAO match detect signal
01 Baud rate generator
10/ | | Internal‘clock fsys
11 External clock (SCLK1 input)
Note: The clock selection for-the-1/O interface mode is
controlled by the serial control register (SC1CR).
—> Serial transmission mode
00 1/0 interface mode
01 7-bit mode
10 UART 8-bit mode
11 9-bit mode
—> Wakeup function
9-Bit UART Other modes
0 Interrupt generated when
data is received
Don't care
1 Interrupt generated only
when SC1CR<RB8>=1
>

Receiving function

0

Receive disabled

1

Receive enabled

Handshake function (CTS pin)

0

Disabled (Always transferable)

1

Enabled

Transmission data bit8

Figure 3.10.8 Serial Mode Control Register (Channel 1, SC1IMODO)
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7 6 5 4 3 2 1 0
SCOCR | Bit symbol RB8 EVEN PE OERR PERR FERR SCLKS I0C
(0201H) | Read/Write R R/W R (Cleared to 0 when read.) RIW
After reset Undefined 0 0 0 | 0 | 0 0 0
Function Received Parity Parity 0: SCLKO |0: Baud rate
data bit8 0: Odd addition 1: Error generator
1: Even 0: Disable [J] 1: SCLKO
1: Enable Overrun Parity Framing | 1: SCLKO pin input
)
° ° T
L— 10 interface input clock selection
0 Baud rate generator
1 SCLKO pin input
— > _Edge selection for SCLK pin
Transmits and receivers [ ]
0 £
data on-rising edge of SCLKO.
1 Transmits gnd receivers [_L]
data on falling edge SCLKO.
——> Framing error flag
— Parity error/flag Cleared to 0 when read.
—— > Overrun errorflag
— > Parity addition enable
0 Disabled
1 Enabled
Even parity addition/check
0 Odd parity
1 Even parity
Received data bit8
Note: Asall'error flags are-cleared after reading. Do nottest only a single bit with a bit testing instruction.

Figure 3.10.9 Serial-Control Register (Channel 0, SCOCR)
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7 6 5 4 3 2 1 0
SCICR Bit symbol RB8 EVEN PE OERR PERR FERR SCLKS 10C
(0209H) | Read/write R RIW R (Cleared to 0 when read.) RIW
After reset Undefined 0 0 0 | 0 | 0 0 0
Function Received  |Parity Parity 0: SCLK1 |0: Baud rate
data bit8 0: Odd addition 1: Error [ r] generator
1: Even 0: Disable 1: SCLK1
1: Bnable Overrun Parity Framing | 1: SCLK1 pin input
)
° ° T
L 10 interface input clock selection
0 Baud rate generator
1 SCLKO pin input
— > Edge selection for SCLK pin
Transmits and receivers [ ]
0 i)
data onrising edge of SCLK1.
1 Transmits z.and receivers [_L]
data onfalling edge SCLK1.
——> Framing error flag
— Parity error/flag Cleared to 0 when read.
—— > Overrun errorflag
———— > Parity addition enable
0 Disabled
1 Enabled
Even parity addition/check
0 Odd parity
1 Even parity
Received data bit8
Note: Asall error flags are cleared after reading. Do nottest only a single bit with a bit testing instruction.

Figure 3.10.10 Serial-Control Register (Channel 1, SC1CR)
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7 6 5 4 3 2 1 0
BROCR Bit symbol - BROADDE | BROCK1 | BROCKO BROS3 BROS2 BROS1 BROSO
(0203H) | Read/write RIW
After reset 0 0 o | o o | o | o | o
Function Received +(16 — K)/16 |00: ¢TO
data bit8 division 01: ¢T2 ) L
) Setting of the divided frequency
0: Disable  |10: ¢T8
1: Enable 11: ¢T32

: T !

+(16 — K)/16 division enable Setting the input clock of baud rate generator
0 Disable 00 Internal clock ¢TO
1 Enable 01 Internal clock ¢T2

10 Internal clock ¢T8
11 Internal clock ¢T32

7 6 5 4 3 2 1 0
BROADD | git symbol BROK3 BROK?2 BROK1 BROKO
(0204H) | Read/write RIW
After reset 0 | 0 | 0 | 0

Function
Sets frequency divisor K
(divided by N = (16 — K)/16)

!

Sets baud rate generator frequency divisor

BROCR<BROADDE> = 1 BROCR<BROADDE> =0
BROCR 0001 (N = 1) (Only UART)
<BR0S3:0>| 0000 (N.=16) 0000 (N = 2) "
or or
DROADD 0001 (N = 1) 1111 (N = 15) 1111 (N =15)
<BROK3:0> - S 0000 (N = 16)
0000 Disable Disable
to Disable Ny 16K
1111 (K = 15) 16

Notel:Availability of +(16-K)/16 division function

N UART mode 1/0 mode
2to 15 O X
1,16 X X

The baud rate generator can be set “1” in UART mode and disable +(16-K)/16 division function.Don'’t use in

1/0 interface mode.

Note2:Set BROCR <BROADDE> to 1 after setting K (K = 1 to 15) to BROADD<BROK3:0> when +(16-K)/16 division
function is used. Writes to unused bits in the BROADD register do not affext operation, and undefined data is

read from these unused bits.

Figure 3.10.11 Baud Rate Generator Control (Channel 0, BROCR, BROADD)
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7 6 5 4 3 2 0
BRICR | Bit symbol - BRIADDE | BRICK1 [ BRICKO BR1S3 BR1S2 BR1S1 BR1S0
(020BH) | Read/write R/W
After reset 0 0 o | o o | o | | o
Function Received +(16 — K)/16 |00: ¢TO
data bit8 division 01: ¢T2 ) o
0: Disable  |10: 478 Setting of the divided frequency
1: Enable 11: ¢T32
T !
+(16 - K ilG division enable Setting the input clock of baud rate generator
0 Disable 00 Internal clock ¢TO
1 Enable 01 Internal clock-¢T2
10 Internal clock ¢T8
11 Internal clock $T32
7 6 5 4 3 2 0
BRI1ADD | Bit symbol BR1K3 BR1K2 BRIK1 BR1KO
(020CH) | Read/write R/W
After reset 0 | 0 | | 0
Function
Sets frequency divisor K
(divided by N = (16 — K)/16)

Sets baud rate generator frequency divisor

!

BROCR<BR1ADDE> = 1 BR1CR<BR1ADDE> =0
BRICR 0001 (N = 1) (Only UART)
<BR1S3:0>| 0000 (N =16) 0000 (N =2) "
or or
DRIADD 0001 (N = 1) 1111 (N = 15) 1111 (N =15)
<BR1K3:0> - / 0000 (N = 16)
0000 Disable Disable
0001 (K =1) Divided by Divided by N
to Disable Ny 16-K
1111 (K = 15) 16

Notel:Availability of +(16-K)/16 division function

N UART mode 1/0 mode
2to 15 (@) X
1,16 X X

The baud rate generator can be set “1” in UART mode and disable +(16-K)/16 division function.Don’t use in

1/0 interface mode.

Note2:Set BR1CR <BR1ADDE> to 1 after setting K (K = 1 to 15) to BRIADD<BR1K3:0> when +(16-K)/16 division

function is used. Writes to unused bits in the BR1ADD register do not affext operation, and undefined data is

read from these unused bits.

Figure 3.10.12 Baud Rate Generator Control (Channel 1, BR1CR, BR1ADD)
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TB7 TB6 TBS TB4 TB3 TB2 TB1

TBO |(Transmission)

SCOBUF

(0200H)
6 5 4 3 2 1 0

RBO | (Receiving)

RB3 RB2 RB1

) ) )
RB7 | RB6 | RB5 | RB4

Note: Prohibit read-modify-write for SCOBUF.

Figure 3.10.13 Serial Transmission/Receiving Buffer Registers (Channel 0, SCOBUF)

7 6 5 4 3 2 1 0
SCOMOD1| Bjt symbol 12S0 FDPX0 STSENO
(0205H) | Read/write RIW RIW w
After reset 0 0 1
Function IDLE2 Duplex STSO
0: Stop 0: Half 0: Enable
1: Run 1: Full 1: Disable

Figure 3.10.14 Serial Mode Control Register-1 (Channel 0, SCOMOD1)

TB7 TB6 TBS TB4 TB3 TB2 TB1 TBO |(Transmission)

SC1BUF

(0208H)
7 6 5 4 3 2 1 0

RrRBO |(Receiving)

RB7 1 RB6 RB3 + RB2.1 RB1

RB5 | RB4

Note: Prohibit read-modify-write for SC1BUF.

Figure 3.10.15-Serial Transmission/Receiving Buffer Registers (Channel 1, SC1BUF)

7 6 5 4 3 2 1 0
SCIMOD1| Bjt symbol 12S1 FDPX1 STSEN1
(020DH) | Read/Write R/W R/W W
After reset 0 0 1
Function IDLE2 Duplex STS1
0: Stop 0: Half 0:Enable
1: Run 1/ Full 1:Disable

Figure 3.10.16" Serial Mode Control Register 1 (Channel 1, SCIMOD1)
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3.10.4 Operation in Each Mode
(1) Mode 0 (I/0 interface mode)

data to or receiving data from an external shift register.

SCLK input external synchronous clock SCLK.

QOutput extension

TMP91C829

TXD

SCLK

Port

Shift register Al —™

Bl —

> S| c|—
D|—

» SCK E| ™
Fl—

» RCK G| —™
H %

Output extension

TC74HC595 or equivalent

Input extension

This mode allows an increase in the number of I/O pins available for transmitting

This mode includes the SCLK output mode to output synchronous clock SCLK and

TMP91C829

RXD

SCLK

Port

Shift register

QH

> CLOCK

A
B
C
D
E
F
G
H

trrrrent

TC74HC165 or equivalent

Figure 3.10.17 Example of SCLK Output Mode Connection

TMP91C829

TXD

SCLK

Port

Shift register Al —>

Bl —

> Sl cl—
D|—

< > SCK E|l—
F|—™

> RCK G| —™

H|l —™

External clock

TC74HC595 or equivalent

Input extension

TMP91C829

RXD

SCLK

Port

Shift register

QH

CLOCK

et

External clock

TC74HC165 or equivalent

Figure 3.10.18 Example of SCLK Input Mode Connection
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Timing to write
transmission data
SCLKO output

Transmission

In SCLK output mode 8-bit data and a synchronous clock are output on the
TXDO and SCLKO pins respectively each time the CPU writes the data to the
transmission buffer.

When all the data has been output, INTESO<ITX0C> is set to 1, causing an
INTTXO interrupt to be generated.

n\ I

\ n

|

1 (Internal clock

| | |
1 e T e T e S e M )

(<SCLKS>=0 ~—
Rising edge mode)
SCLKO output
(<SCLKS>=1
Falling edge mode)

TXDO Bit0 Bit7

._5I_<.___ — - - @~

')( Bitl ! ,, X Bit6

ITX0C

(INTTXO |
£{

Interrupt request) )]

Figure 3.10.19 Transmitting Operation in 1/O Interface’ Mode (SCLKO output-mode)
(Channel 0)

In SCLK input mode, 8-bit data is output on the TXDO0 pin when the SCLKO
input becomes active after the data has been written to the transmission buffer by
the CPU.

When all the data has been output, INTESO<ITX0C> is set to 1, causing an
INTTXO interrupt to be generated.

SCLKOinput
(<SCLKS>=0
Rising edge mode) f ! ] !—S‘;—T ! f ! T
SCLKO input
ooLKE S 1 S o S . T e W
1 1 1
1 1

1

Falling edge mode) ' ' > « '

TXDO X Bit0 X Bitl Xy Bits X Bt X Bit7
] 1
1

ITX0C | I
(INTTXO « |

Interrupt request)

Figure 3.10.20 Transmitting Operation’in 1/O Interface Mode (SCLKO input mode)
(Channel 0)
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b. Receiving
In SCLK output mode the synchronous clock is output on the SCLKO pin and
the data is shifted to receiving buffer 1. This is initiated when the receive
interrupt flag INTESO<IRXO0C> is cleared as the received data is read. When 8-bit
data is received, the data is transferred to receiving buffer 2 (SCOBUF) following
the timing shown below and INTESO<IRXO0C> is set to 1 again, causing an
INTRXO interrupt to be generated.

Setting SCOMODO<RXE>to 1 initiates SCLKO output.

IRX0C

(INTRXO - 3 >

interrupt request) )]
SCLKO output \

(<SCLKS>=0 "? f | f

Rising edge mode)

(<SCLKS>=1
Fallingf edge mode)

I

1

SCLKO output r
l |-

1

:

1

)

X Bitl 'M EX Bit6 :X Bit7 \/\,- ------

|
|

woo  TIIIIIIII N
i 1 ) 7/

Figure 3.10.21 Receiving Operation in /O Interface Mode (SCLKO-output mode)
(Channel 0)

In SCLK input mode the data’is shifted to receiving buffer 1 when the SCLK
input goes active. The SCLK input goes active when the receive interrupt flag
INTESO<IRX0C> is-cleared as the‘received data is read. When 8-bit data is
received, the data is shifted to receiving buffer 2 (SCOBUF) following the timing
shown below and INTESO<IRX0C> is set to 1again, causing an INTRXO0 interrupt
to be generated.

SCLKO input

Gsbetto LA LT 1

|
1
SCLKO input
(SSCLKSS = 1: | Lol |_S
1
1

Falling edge mode)

1 1
____I 1 (4 ——
RXDO >( Bito % Bitl D(:;'(’ Bits W Bit6 X Bit7 W
!}

|

IRXOC |
(INTRX0)

Figure 3.10.22 Receiving Operation in I/O Interface Mode (SCLKO input mode)
(Channel 0)

Note: The system must be-put in the receive enable state (SCMODO<RXE> = 1) before data can
be received.
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Transmission and receiving (Full duplex mode)

When full duplex mode 1s used, set the receive interrupt level to 0 and set
enable the level of transmit interrupt. Ensure that the program which transmits
the interrupt reads the receiving buffer before setting the next transmit data.

The following is an example of this:

Example: Channel 0, SCLK output
Baud rate = 9600 bps
fc = 14.7456 MHz
* Clock state System clock:  High frequency (fc)

Clock gear: 1 (fc)
Prescaler clock: frpy

Main routine
7 6 5 4 3 2 1 0 Set the INTTXO level to 1.
INTESO 0 O 0 1 O O O O Set the INTRXO level to 0.
P8CR - - - - -1 0 1 Set P80, P81, and P82 to function-as the TXDO,
RXDO0, and SCLKO pins respectively.
P8FC - - - - -1 -1
scomobo 0 0 0 0 O O O O Select I/O interface mode.
scomobr 1 1 0 O O O O O Select full duplex mode.
SCOCR 0O 0 0 0O O OO O SCLK_out, transmit on.negative ‘edge, receive on
positive edge.
BROCR 0 1 1 0 0 1.1 Baud rate = 9600 _bps.
SCOMODO O 1 0 0 0 Enable receiving.
SCOBUF * * * & & * /*x . % Set the transmit data and start.
INTTXO interrupt routine
Acc SCOBUF Read the receiving buffer.
SCOBUF - - X X -1 X X Set the next transmit data.

X: Don't care, —: No change
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(2) Mode 1 (7-bit UART mode)

7-bit UART mode is selected by setting the serial channel mode register
SCOMODO0<SM1:0> field to 01.

In this mode a parity bit can be added. Use of a parity bit is enabled or disabled by
the setting of the serial channel control register SCOCR<PE> bit; whether even parity
or odd parity will be used is determined by the SCOCR<EVEN> setting when
SCOCR<PE> is set to 1 (Enabled).

Setting example: When transmitting data of the following format, the control registers
should be set as described below. This explanation applies to channel

N\ OEOOEOE

<«———Transmission direction (Transmission.rate: 2400 bps at fc = 12.288 MHz)

* Clock state System clock:  High frequency (fc)
Clock gear: 1 (fc)
Prescaler clock: System clock

P8CR - - - = - - - - 1 ) -

PBEC - 1 } Set P80 to function as the TXDO pin.

SCOMOD « X0 -X 0101 Select 7-bit UART mode.

SCOCR «X11XXXO00 Add even parity.

BROCR «~ 00100101 Set the transfer rate t0.2400 bps.

INTESO «- 1100 - - —— Enable the INTTXO interrupt and set it to interrupt level 4.
SCOBUF « * * * * * * %% Set data for transmission.

X: Don't care, —: No change

(3) Mode 2 (8-bit UART mode)

8-bit UART mode 1is selected by setting SCOMODO<SM1:0> to 10. In this mode a
parity bit can be added (Use of a ‘parity bit is enabled or disabled by the setting of
SCOCR<PE>); whether even parity or odd parity will be used is determined by the
SCOCR<EVEN> setting when SCOCR<PE> is set to 1 (Enabled).

Setting example: When receiving data of the following format, the control registers
should be set-as described below.

AT O 0O 00000 CH

«——— Transmission direction (Transmission rate: 9600 bps at fc = 12.288 MHz)
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* Clock state System clock:  High frequency (fc)
Clock gear: 1 (fc)
Prescaler clock: System clock

Main settings

76543210
P8CR “— - - - = - = 0 - Set P80 to function as the TXDO pin.
SCOMOD «+ - 01X 1001 Enable receiving in 8-bit UART mode.
SCOCR «~ X01XXXO00 Add even parity.
BROCR «<00010101 Set the transfer rate to 9600 bps.
INTESO <« - ---1100 Enable the INTTXO interrupt-and set it to interrupt level 4.
Interrupt processing
Acc <« SCOCR AND 00011100
if Acc  + 0 then ERROR } Check for errors.
Acc « SCOBUF Read the received data.

X: Don't care, —: No change

(4) Mode 3 (9-bit UART mode)

9-bit UART mode is selected by setting' SCOMODO<SM1:0> to 11. In this mode
parity bit cannot be added.

In the case of transmission the MSB (9th bit) is written to SCOMODO0O<TBS8>. In the
case of receiving it is stored in SCOCR<RB8>. When the buffer is written and read, the
MSB is read or written first, before the rest of the SCOBUF data.

Wakeup function

In 9-bit UART mode, the wakeup function for slave controllers is enabled by
setting SCOMODO<WU> to 1. The interrupt INTRXO can only be generated when
<RB8>=1.

——
A A A A
y A A A
TXD RXD TXD RXD TXD RXD TXD RXD
Master Slave 1 Slave 2 Slave 3
Note: The-TXD pin of each slave controller must be in open-drain output mode.

Figure 3.10.23 Serial Link Using Wakeup Function
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a.

Select 9-bit UART mode on the master and slave controllers.

b. Set the SCOMODO<WU> bit on each slave controller to 1 to enable data receiving.

. The master controller transmits data one frame at a time. Each frame includes an 8-bit

select code which identifies a slave controller. The MSB (Bit8) of the data (<TB8>) is set
to 1.

N\ @O "

Select code of slave controller

. Each slave controller receives the above frame. Each eontroller checks the above select

code against its own select code. The controller whose code matches clears its WU bit to 0.

. The master controller transmits data to the specified slave controller (The controller

whose SCOMOD<WU?> bit has been cleared to 0). The MSB (Bit8) of the data (<TB8>) is
cleared to 0.

AEO800060a5 0

Data

The other slave controllers (Whose <WU> bits remain-at 1) ignore the received data
because their MSBs (Bit8 or <RB8>) are set to 0, disabling INTRXO interrupts.

The slave controller whose WU bit =0 can alsotransmit to-the master controller. In this
way it can signal the master controller that the data transmission from the master
controller has been completed.
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Setting example: To link two slave controllers serially with the master controller

using the internal clock fsys as the transfer clock.

w

Wy

TXD RXD

Master

A

A

TXD RXD TXD RXD
Slave 1 Slave 2
Select code Select code
00000001 00001010

Since serial channels 0 and 1 operate in exactly the same way, channel 0 only is

used for the purposes of this explanation.

e Setting the master controller

Main
P8CR - - - - - -
P8FC — - - - - -

INTESO <~ 1100110

SCOMODO «+- 1010111
SCOBUF «~0000000O0

INTTXO interrupt

SCOMODO 0 — = — -

—01}
- X1

=

[l ]

SCOBUF S FNK ok ok ok ok %

e /Setting the slave controller

Main

P8CR — - - - - - = 01
P8FC “— - -~ - - - X1 }
ODE X XXX XX -1

INTESO «~ 11011110
SCOMODO «+0-01 112110

INTRXO.interrupt

Acc « SCOBUF
if Acc = Select code

then SCOMODO < - —-- 0 ————

Set P80 and P81 to-function-as the TXD0 and RXDO pins
respectively.

Enable the INTTXO0 interrupt and set it to interrupt level 4.
Enable the INTRXO interrupt and set it to interrupt level 5.
Set fgys-as the transmission clock for 9-bit UART mode.

Set the select code for slave controller 1.

Set. TB8 to, TBO.
Set data for transmission.

Select P81 and P80 to function as the RXDO and TXDO pins
respectively (Open-drain output).

Enable INTRXO0 and INTTXO.
Set <WU> to 1 in 9-bit UART transmission mode using fsys as
the transfer clock.

Clear<WU> to 0.
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3.11 Analog/Digital Converter

The TMP91C829 incorporates a 10-bit successive approximation type analog/digital
converter (AD converter) with 8-channel analog input.

Figure 3.11.1 is a block diagram of the AD converter. The 8-channel analog input pins (ANO to
ANT7) are shared with the input-only port, port A and can thus be used as an input port.

Note: When IDLE2, IDLE1 or STOP mode is selected, so as to reduce the power, with some timings
the system may enter a standby mode even though the internal'comparator is still enabled.
Therefore be sure to check that AD converter operations are halted before a HALT instruction

is executed.
S Internal data bus S
AD mode control register 1 ADMOD1 AD mode control register 0 ADMODO
ADMOD1 <ADTRGE>
<ADCH2:0> <VREFON> <EOCF><ADBF><ITMOS<REPEAT><SCAN><ADS>
. Scan
(]
L) § Repeat
8 Interrupt
Busy ADTRG
End—| Start
Analog input Channel select AD converter control INTAD
%.
AN7 (PAT)_}—] circuit interrupt
ANG (PA6) _|—sr
AN5 (PAS)_]
AN4 (PA4)|:|_) 5 AD conversion result
AN3 (PA3)|:|_) g Sample and register
AN2 (PA2) £ hold " ADREGO4L to ADREG37L
AN1 (PAL)  |—u ! ~ ADREG04H to ADREG37H
ANO (PAO)_—s P
Comparator
ADTRG (PA3)_}—>
JYREFH D o o DA converter <
VREFL [}

Figure 3.11.1 Block Diagram of AD Converter
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3.11.1 Analog/Digital Converter Registers

ADMODO
(02BOH)

The AD converter is controlled by the two AD mode control registers: ADMODO and
ADMODI1. The eight AD conversion data upper and lower registers (ADREG04H/L,
ADREG15H/L, ADREG26H/L, and ADREG37H/L) store the results of AD conversion.

Figure 3.11.2 shows the registers related to the AD converter.

AD Mode Control Register 0

7 6 5 4 3 2 1 0
Bit symbol EOCF ADBF — — ITMO REPEAT SCAN ADS
Read/Write R R/W
After reset 0 0 0 0 0 0 0 0
Function AD AD Always Always Interrupt Repeat mode| Scan mode AD
conversion |conversion |write “0". write “0". specification- | specification |specification |conversion
end flag busy flag in_conversion.|0: Single 0: Conversion|start
0: Conversion[0: Conversion| channel fixed [ conversion|, “channel 0: Don't care
in progress| stopped repeat mode |1: Repeat fixed-mode |1: Start
1: Conversion|1: Conversion| 0: Every conversion|1: ) Conversion| conversion
complete in progress conversion [ mode channel Always “0”
1: Every scan'mode |when read.
fourth
conversion
|
L. AD conversion start
0 Don't care
1 Start AD conversion

Note: Always read as 0.

—> AD scan mode setting

0 AD conversion channel fixed mode

1 AD conversion channel scan mode

AD repeat mode setting

0 AD single conversion mode

1 AD repeat conversion mode

Specify AD conversion interrupt for channel fixed repeat
conversion mode

Channel fixed repeat conversion mode
<SCAN> =0, <REPEAT>=1

Generates interrupt every conversion.

1 Generates interrupt every fourth conversion.

AD conversion busy flag

0 AD conversion stopped

1 AD conversion in progress

AD conversion end flag

0 Before or during AD conversion

1 AD conversion complete

Figure 3.11.2 AD Converter Related Register
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AD Mode Control Register 1
7 6 5 4 3 2 1 0
ADMOD1| Bit symbol VREFON I12AD ADTRGE ADCH2 ADCH1 ADCHO
(02B1H) | Read/Write RIW R/W R/W
After reset 0 0 0 0 | 0 | 0
Function VREF IDLE2 AD external [ Analog input channel selection.
application [ 0: Stop trigger start
control 1: Operate control
0: OFF 0: Disable
1: ON 1: Enable
Analog input channel selection
<SCAN> 0 1
(Channel) ( Channel )
<ADCH2:0> fixed scanned
000 ANO ANO
001 AN1 ANO — AN1
010 AN2 ANO — AN1 - AN2
011 AN3 ANO —> AN1 > AN2 — AN3
100 AN4 AN4
101 AN5 AN4 — AN5
110 ANG AN4 — AN5 — AN6
111 AN7 AN4 — AN5 — AN6 — AN7
AD conversion start control by external trigger
(ADTRG Input)
0 Disabled
1 Enabled
IDLE2 control
0 Stopped
1 In operation
Control of application of reference voltage to AD
converter
0 OFF
1 ON
Before starting conversion (before writing 1 to
ADMODO0<ADS>), set the <VREFON> bit to 1.
AD Mode Control Register 2
7 6 5 4 3 2 1 0
ADMOD?2 | Bit.symbol ADM27 ADM26 ADM25 ADM24 ADM23 ADM22 ADM21 ADM20
(2B2H)- | Read/Write RIW
After reset 0 | 0 | 0 | 1 | 0 | 0 | 0 | 1
Function Please write 1E
AD Mode Control Register 3
7 6 5 4 3 2 1 0
ADMOD3 | Bit symbol ADM37 ADM36 ADM35 ADM34 ADM33 ADM32 ADM31 ADM30
(2B3H) | Read/Write R/IW
After reset 1 | 1 | 0 | 0 | 1 | 1 | 1 | 1
Function Please write CF
Figure 3.11.3 AD Converter Related Register
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AD Conversion Data Lower Register 0/4

7 6 5 4 3 2 1 0
ADREGO04L| Bit symbol ADRO1 ADROO ADRORF
(02A0H) | Read/Write R R
After reset Undefined 0
Function Stores lower 2 bits of AD AD .
) conversion
conversion result. data storage
flag
1: Conversion|
result
stored
AD Conversion Data Upper Register 0/4
7 6 5 4 3 2 1 0
ADREGO04H] Bit symbol ADRO09 ADRO08 ADRO7 ADRO06 ADRO5 ADRO04 ADRO03 ADRO02
(02A1H) | Read/Write R
After reset Undefined
Function Stores upper 8 bits AD-conversion result.
AD Conversion Data Lower Register 1/5
7 6 5 4 3 2 1 0
ADREG15L | Bit symbol ADR11 ADR10 ADRI1RF
(02A2H) | Read/Write R R
After reset Undefined 0
Function Stores lower 2 bits of AD AD )
) conversion
conversion result. result flag
1: Conversion|
result
stored
AD Conversion Data Upper Register 1/5
7 6 5 4 3 2 1 0
ADREG15H] Bit symbol ADR19 ADR18 ADR17 ADR16 ADR15 ADR14 ADR13 ADR12
(02A3H) | Read/Write R
After reset Undefined
Function Stores upper 8 hits AD conversion result.

Channel-x
conversion result

ADREGXxH l l ADREGXL
7 6.5 4 3 2 1 0 7 6 5 4 3 2 1 0

X

v

e Bits5to 1 are always read as 1.

¢ BitO is the AD conversion data storage flag <ADRxRF>. When the
AD conversion result is stored, the flag is set to 1. When either of the
registers (ADREGxH, ADREGxL) is read, the flag is cleared to O.

Figure 3.11.4 AD Converter Related Registers
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AD Conversion Result Lower Register 2/6
7 6 5 4 3 2 1 0
ADREG26L| Bit symbol ADR21 ADR20 ADR2RF
(02A4H) | Read/Write R R
After reset Undefined 0
Function Stores lower 2 bits of AD AD .
. conversion
conversion result. data storage
flag
1: Conversion|
result
stored
AD Conversion Data Upper Register 2/6
7 6 5 4 3 2 1 0
ADREG26H] Bit symbol ADR29 ADR28 ADR27 ADR26 ADR?25 ADR?24 ADR23 ADR22
(02A5H) | Read/Write R
After reset Undefined
Function Stores upper 8 bits of AD conversion result.
AD Conversion Data Lower Register 3/7
7 6 5 4 3 2 1 0
ADREG37H] Bit symbol ADR31 ADR30 ADR3RF
(02A6H) | Read/Write R R
After reset Undefined 0
Function Stores lower 2 bits of AD AD date
. storage
conversion result. 1: Conversion
result
stored
AD Conversion Result Upper Register 3/7
7 6 5 4 3 2 1 0
ADREG37H] Bit symbol ADR39 ADR38 ADR37 ADR36 ADR35 ADR34 ADR33 ADR32
(02A7H) | Read/Write R
After reset Undefined
Function Stores.upper 8 bits of AD conversion result.
9 8 7. -6 5 4 3 2 1 0
Channel x
conversion result
I
ADREGxH l l ADREGXxL
7 6.5-4 3 2 1 0 7 6 5 4 3 2 1 0
K|
~

e Bits5to 1 are always read as 1.

¢ BitO is the AD conversion data storage flag <ADRxRF>. When the
AD conversion result is stored, the flag is set to 1. When either of the
registers (ADREGxH, ADREGxL) is read, the flag is cleared to O.

Figure 3.11.5 AD Converter Related Registers
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3.11.2 Description of Operation

(1) Analog reference voltage

A high-level analog reference voltage is applied to the VREFH pin; a low-level analog
reference voltage is applied to the VREFL pin. To perform AD conversion, the reference
voltage, the difference between VREFH and VREFL, is divided by 1024 using string
resistance. The result of the division is then compared with the analog input voltage.

To turn off the switch between VREFH and VREFL, write a 0 to
ADMOD1<VREFON> in AD mode control register 1. To start AD conversion in the off
state, first write a 1 to ADMOD1<VREFON>, wait 3 us until the internal reference
voltage stabilizes (This is not related to fc.), then set ADMODO<ADS> to 1.

(2) Analog input channel selection

The analog input channel selection varies depends onthe operation mode of the AD
converter.
e In analog input channel fixed mode (ADMODO<SCAN> = 0)
Setting ADMOD1<ADCHZ2:0> selects one of the input pins ANO-to AN7 as the
input channel.
e In analog input channel scan mode (ADMODO<SCAN> =1)
Setting ADMOD1<ADCHZ2:0>/selects one of the eight scan-modes.

Table 3.11.1 illustrates analog input channel selection in-each operation mode.

On a reset, ADMODO0<SCAN> is set to 0 and ADMOD1<ADCH2:0> is initialized to
000. Thus pin ANO is selected as the fixed input channel. Pins not used as analog input
channels can be used as standard input port pins.

Table 3.11.1 Analog Input Channel Selection

<ADCH2:0> Channel Fixed Channel Scan
<SCAN>=0 <SCAN>=1
000 ANO ANO
001 AN1 ANO — AN1
010 AN2 ANO —> AN1 > AN2
011 AN3 ANO — AN1 —» AN2 — AN3
100 AN4 AN4
101 AN5 AN4 — AN5
110 AN6 AN4 — AN5 — ANG
111 AN7 AN4 — AN5 — AN6 — AN7

(8) Starting AD conversion
To start AD conversion, write a 1 to ADMODO<ADS> in AD mode control register 0
or ADMOD1<ADTRGE> in AD mode control register 1, pull the ADTRG pin input
from high to low.“When AD conversion starts, the AD conversion busy flag
ADMODO<ADBEF> will be set to 1, indicating that AD conversion is in progress.

Writing a 1 to ADMODO<ADS> during AD conversion restarts conversion. At that
time, to determine whether the AD conversion results have been preserved, check the
value of the conversion data storage flag ADREGxL<ADRxRF>.

During AD conversion, a falling edge input on the ADTRG pin will be ignored.
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(4) AD conversion modes and the AD conversion end interrupt
The four AD conversion modes are:
¢ Channel fixed single conversion mode
e Channel scan single conversion mode
¢ Chanel fixed repeat conversion mode
¢ Channel scan repeat conversion mode

The ADMODO<REPEAT> and ADMODO<SCAN> settings in-AD mode control
register O determine the AD mode setting.

Completion of AD coversion triggers an INTAD AD conversion end interrupt request.
Also, ADMODO<EOCF> will be set to 1 to indicate that AD conversion has been
completed.

a. Channel fixed single conversion mode
Setting ADMODO<REPEAT> and ADMODO<SCAN> to 00 selects_conversion

channel fixed single conversion mode.

In this mode data on one specified channel is converted once only. When the
conversion has been completed, the ADMODO<EOCF> flag)is set to 1,
ADMODO<ADBF> is cleared to 0; and-an INTAD interrupt request is generated.

b. Channel scan single conversion mode
Setting ADMODO<REPEAT> and ADMODO0<SCAN>to 01 selects conversion
channel scan single conversion mode.

In this mode data on the specified scan channels is’‘converted once only. When
scan conversion has- been completed, ADMODO<EOCF> 1is set to 1,
ADMODO0<ADBF>/is cleared to 0, and an INTAD interrupt request is generated.

c¢. Channel fixed repeat conversion mode

Setting ADMODO<REPEAT> and ADMODO<SCAN> to 10 selects conversion
channel fixed repeat conversion mode.

In this mode data on one specified channel is converted repeatedly. When
conversion ~has been completed, ADMODO<EOCF> 1is set to 1 and
ADMODO<ADBEF> is not cleared to 0 but held at 1. INTAD interrupt request
generation timing is determined by the setting of ADMODO<ITMO>.

Setting <ITMO> to O generates an interrupt request every time an AD
conversion is completed.,

Setting <ITMO> to 1 generates an interrupt request on completion of every
fourth conversion.
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d. Channel scan repeat conversion mode

Setting ADMODO<REPEAT> and ADMODO<SCAN> to 11 selects conversion
channel scan repeat conversion mode.

In this mode data on the specified scan channels is converted repeatedly. When
each scan conversion has been completed, ADMODO<EOCF> is set to 1 and an
INTAD interrupt request is generated. ADMODO<ADBF> is not cleared to 0 but
held at 1.

To stop conversion in a repeat conversion mode (e.g., in cases of ¢ and d), write a
0 to ADMODO<REPEAT>. After the current conversion has been completed, the
repeat conversion mode terminates and ADMODO<ADBE> is cleared to O.

Switching to a halt state IDLE2 mode with - ADMOD1<I2AD> cleared to O,
IDLE1 mode or STOP mode) immediately stops operation of the AD converter
even when AD conversion is still in progress. In repeat conversion modes (e.g., in
cases of ¢ and d), when the halt is released, conversion restarts from the beginning.
In single conversion modes (e.g., in casesof a and b), conversion does not restart
when the halt is released (The converter remains stopped).

Table 3.11.2 shows the relationship between the AD conversion modes and interrupt
requests.

Table 3.11.2 Relationship between AD _Conversion Modes and Interrupt’'Requests

, ADMODO

Mode Interrupt Request Generation

<ITMO> " |<REPEAT>| <SCAN>

Channel fixed single . .

. After completion of conversion X 0 0
conversion mode
Channel scan single . )

. After completion of scan conversion X 0 1
conversion mode
Channel fixed repeat Every conversion 1 0
conversion mode Every forth conversion
Channel scan repeat After completion of every scan X 1 1
conversion mode conversion
X: Don't care

(5) AD conversion time

(6)

84 states (4.7 ps at fFPH = 36 MHz) are required for the AD conversion of one
channel.

Storing and reading the results of AD conversion

The AD conversion data upper and lower registers (ADREG04H/L to ADREG37H/L)
store the results of AD conversion. (ADREGO04H/L to ADREG37H/L are read-only
registers.)

In channel fixed repeat conversion mode, the conversion results are stored
successively in registers ADREGO04H/L to ADREG37H/L. In other modes the ANO and
AN4, AN1 and AN5, AN2 and AN6, AN3 and AN7 conversion results are stored in
ADREGO04H/L, ADREG15H/L, ADREG26H/L, and ADREG37H/L respectively.

Table 3.11.3 shows the correspondence between the analog input channels and the
registers which are used to hold the results of AD conversion.
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Table 3.11.3 Correspondence between Analog Input Channels and AD Conversion Result Registers

AD Conversion Result Register

Analog Input Channel . Channel Fixed Repeat
(Port A) Conversion Modes ;
) Conversion Mode
Other than at Right .
(every 4 th conversion)
ANO ADREGO4H/L
AN4 ADREGO4H/L
AN1 ADREG15H/L ADREG15H/A
AN5
AN2 ADREG26H/L ADREG26H/L
AN6
AN3 ADREG37HIL ADREG37HI/L
AN7

<ADRxRF>, bitO0 of the AD conversion data lower register, is used as the AD
conversion data storage flag. The storage flag indicates whether the AD conversion
result register has been read or not. When a‘conversion result is\ stored in the AD
conversion result register, the flag is set to 1. When either of the-AD conversion result
registers (ADREGxH or ADREGxL) is read; the flag is cleared to 0.

Reading the AD conversion  result -also clears the AD conversion end flag
ADMODO<EOCF> to 0.

Setting example:

a. Convert the analog input voltage on the AN3 pin and write the result, to memory
address 0800H using the AD interrupt (INTAD) processing routine.

Main routine:

76543210
[INTEOAD « X100
ADMOD1 «'1 1 X X
[ADMODO . '«“X-X/0 0

Enable INTAD and set it to interrupt level 4.
Setpin AN3 to be the analog input channel.
Start conversion in channel fixed single conversion mode.

o o
o o
o P
=

Interrupt routine processing example:

[wa < ADREG37 Read value of ADREG37L and ADREG37H into 16-bit
general-purpose register WA.

WA >>6 Shift contents read into WA six times to right and zero fill upper
bits.

[(OBO0H)  « WA Write contents of WA to memory address 0800H.

b.. This example repeatedly converts the analog input voltages on the three pins ANO,
AN1, and AN2, using channel scan repeat conversion mode.

INTEOAD/ "«~X 000 - - - - Disable INTAD.
ADMOD1 «~ 11 XX0010 Set pins ANO to AN2 to be the analog input channels.
ADMODO «~XX000111 Start conversion in channel scan repeat conversion mode.

X: Don't care, —: No change
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3.12 Watchdog Timer (Runaway detection timer)

The TMP91C829 features a watchdog timer for detecting runaway.

The watchdog timer (WDT) is used to return the CPU to normal state when it detects that the
CPU has started to malfunction (Runaway) due to causes such as noise. When the watchdog

timer detects a malfunction, it generates a non-maskable interrupt INTWD to notify the CPU of
the malfunction.

Connecting the watchdog timer output to the reset pin internally forces.a reset. (The level of
external RESET pin is not changed.)

3.12.1 Configuration

Figure 3.12.1 is a block diagram of the watchdog timer (WDT).

WDMOD<RESCR> RESET

\ 4

Internal reset
Reset control

Y

Y

‘D—L» WDTI interrupt
A

WDMOD Selector
<WDTP1:0>
215 217 219 221
fsys N Binary-counter Q
(frrH/2) (22 Stage) R S
Reset é
Internal reset: > L g
A Write Write AWDMOD<WDTE>
4EH B1H

WDT control register WDCR
i
i

Internal data bus

Figure 3.12.1 Block Diagram of Watchdog Timer

Note: The watchdog timer cannot operate by disturbance noise in some case

Take care when design the device.
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The watchdog timer consists of a 22-stage binary counter which uses the system clock
(fsys) as the input clock. The binary counter can output f§ys/215, foyg/217, fgys/219 and
fsys/221,

<

12
WDT counter n X Overflow X

<< X
»
WDT interrupt | | « <

12
Clear write code —— V)_\
WDT clear «

(Soft ware) —

Figure 3.12.2 Normal Mode

The runaway is detected when an overflow occurs, and the watchdog timer can reset
device. In this case, the reset time will be between 22 and 29 states (19.6 to 25.8 us at frpH
= 36MHz, foscH = 2.25 state) is fFrpu/2, where fFpH is generated by dividing the high-speed
oscillator clock (fosch) by sixteen through the clock gear function.

Overflow

WDT counter n >< \ «

n

WDT interrupt

'
0

Internal reset

A

22 to 29 states
(19.6 t0 25.8.us  at foscH = 36 MHz, fepy = 2.25 MHz)

Figure 3.12.3 Reset'Mode
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3.12.2 Control Registers
The watchdog timer WDT is controlled by two control registers WDMOD and WDCR.
(1) Watchdog timer mode register (WDMOD)
a. Setting the detection time for the watchdog timer in <WDTP>
This 2-bit register is used for setting the watchdog timer interrupt time used
when detecting runaway. On a reset this register is initialized to
WDMOD<WDTP1:0> = 00.
The detection times for WDT are shown in Figure 8.12.4.
b. Watchdog timer enable/disable control register <WDTE>
On a reset WDMOD<WDTE> is initialized to 1, enabling the watchdog timer.
To disable the watchdog timer, it is necessary to set this bit to 0 and to write the
disable code (B1H) to the watchdog timer control register <WDCR>. This makes it
difficult for the watchdog timer to be disabled by runaway.
However, it is possible to return the watchdog timer from the disabled state to
the enabled state merely by setting <WDTE> to 1.
c. Watchdog timer out reset connection <RESCR>
This register is used to connect the output of the watchdog timer with the
RESET terminal internally. Since WDMOD<RESCR>is initialized to 0 on a reset,
a reset by the watchdog timer will not be performed.
(2) Watchdog timer control register (WDCR)

This register is used to disable and clear/the binary counter for the watchdog timer.

e Disable control
The watchdog timer can be disabled by clearing WDMOD<WDTE> to 0 and then
writing the disable code (B1H) to the WDCR register.

WDMOD —O\x-9F5--- Clear WDMOD<WDTE> to 0.
WDCR «<~1 0120001 Write the disable code (B1H).

e HEmnable control
Set WDMOD<WDTE>to 1.

e Watchdog timer clear control
To clear the binary counter and cause counting to resume, write the clear code
(4EH) to the WDCR register.
WDCR «~ 01001110 Write the clear code (4EH).
Notel: If itis'used disable control, set the disable code (B1H) to WDCR after write the clear code (4EH) once. (Please

refer to setting example.)
Note2:1f it is changed Watchdog timer setting, change setting after set to disable condition once.
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7 6 5 4 3 2 1 0
WDMOD | Bit symbol WDTE WDTP1 WDTPO I2WDT RESCR —
(0300H) | Read/Write RIW R/W R/W RIW
After reset 1 o | o 0 0 0
Function WDT control |Select detecting time IDLE2 1: Internally |Always
1:Enable  |00: 2%/fsys 0: Stop connects |write “0”.
01: 2"ffsvs 1: Operate WDL out
10: 2"/fsys to,the
11: 2% ffsys reset pin
|—> Watchdog timer out control
0 —
1 Connects WDT out to.a reset
—— > IDLE2 control
0 Stop
1 Operation
—> Watchdog timer detection time fc'=36 MHz
SYSCR1 Watchdog. Timer Detection Time
Gear Value WDMOD<WDTP1:0>
<GEAR2:0> 00 01 10 11
000 (fc) 1.82 ms 7.28 ms 29:13 ms 116.51 ms
001 (fc/2) 3.64 ms 14.56 ms 58.25 ms 233.02 ms
010 (fc/4) 7.28 ms 29.13 ms 116.51'ms 466.03 ms
011 (fc/8) 14.56 ms 58.25 ms 232.02 ms 932.07 ms
100 (fc/16) 29.13-ms 116.51 ms 466.03 ms 1864.14 ms

Watchdog timer enable/disable control

0 Disabled

1 Enabled

Figure 3.12.4 "Watchdog Timer Mode Register

WDCR | Bit symbol _
(0301H) | Read/Write W
Read After reset _
-modify Function B1H: WDT disable code
-write 4EH: WDT clear code
instruction _
is prohibited ‘
Disable/clear WDT
B1H Disable code
4EH Clear code
Others Don't care
Figure 3.12.5 Watchdog Timer Control Register
91C829-155 2006-03-15



TOSHIBA TMP91C829

3.12.3 Operation

The watchdog timer generates an INTWD interrupt when the detection time set in the
WDMOD<WDTP1:0> has elapsed. The watchdog timer must be zero cleared in software
before an INTWD interrupt will be generated. If the CPU malfunctions (e.g., if runaway
occurs) due to causes such as noise, but does not execute the instruction used to clear the
binary counter, the binary counter will overflow and an INTWD interrupt will be generated.
The CPU will detect malfunction (Runaway) due to the INTWD interrupt and in this case it
is possible to return to the CPU to normal operation by means of an anti-mulfunction
program. By connecting the watchdog timer out pin to a peripheral device’s reset input, the
occurrence of a CPU malfunction can also be relayed to other devices.

The watch dog timer works immediately after reset.

The watchdog timer does not operate in IDLE1 or STOP) mode, as the binary counter
continues counting during bus release (When BUSAK goes low).
When the device is in IDLE2 mode, the operation of WDT. 'depends on the

WDMOD<I2ZWDT> setting. Ensure that WDMOD<I2WDT> is set before the device enters
IDLE2 mode.

Example: a. Clear the binary counter.
WDCR «~01001110 Write the clear code (4EH).
b. Set the watchdog timer detection time to 217/fSys.
WOMOD « 101 - -/- = -
c. Disable the watchdog timer.

WDMOD « 0 - -/='- - X X Clear WDTE to 0.
WDCR «~10110001 Write the disable code (B1H).
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3.13 Multi Vector Control

3.13.1 Multi Vector Controller

(1) Outline

By rewriting the value of multi vector control register (MVECO and MVEC1), a
vector table is arbitrarily movable.

(2) Control register

The amount of 228 bytes become an interruption vector area from the value set as
vector control register MVECO and MVEC1).

Vector control register composition

7 6 5 4 3 2 1 0
MVECO [Bit symbol VEC7 VEC6 VEC5 VEC4 VEC3 VEC2 VECL VECO
(OOAEH)|Read/Write R/IW R/W R/W R/W R/W R/W R/W R/W
After reset 1 1 1 1 1 1 1 1
Function Vector address A15 to A8
7 6 5 4 3 2 1 0
MVEC1 |Bit symbol VEC15 VEC14 VEC13 VEC12 VEC11 VEC10 VEC9 VEC8
(00AFH) |Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 1 1 1 1 1 1 1 1
Function Vector.address A23 to A16
Circuit composition QCPU OUTPUT address AL23 to AL8 2
AL23 to AL8
CS circuit N
from FFFF28H
to FFFFFFH
CSs
| e S 1
1 1
1 1
1 S 1
AL8 - 1 ! Internal address
A 1 A8 A23 to A8
Register <VECO0> ' Y[
(MVECO0) B !
| |
I o e e e e e —— 1
; AL23 F===77777777
Register <VEC15> ——> | A23
(MVEC1) : B
e e 2 2 ! /_\_/
Note: Write MVEC1, MVECO after making an interruption prohibition state.
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3.13.2 Multi Boot Mode
(1) Outline

The TMP91C829 has multi boot mode available as an on-board programming
operation mode. When in multi boot mode, the boot ROM is mapped into memory space.
This boot ROM is a mask ROM that contains a program to rewrite the flash memory on

board.

Rewriting is accomplished by connecting the TMP91C829s SIO and the
programming tool (Controller) and then sending commands from the controller to the

target board.

The boot program included in the boot ROM only has‘the function of a loader for
transferring program data from an external source into the device’s internal RAM.

Rewriting can be performed by UART. From 1000H to 105FH in

device’s internal

RAM is work area of boot program. Don’t transfer program data in this work area.

Figure 3.12.1 shows an example of how/to connect the programming controller and

the target board (when ROM has 16-bit data bus).

UART
3 pin
TXDO (Output)
Programming RXDO (Input) = =
controller RTS0 ((P83) (Output) = 5E
% WR WE
s TMP91C829 ROM
Boot/normal DO to D15 DO to D15
o——— BOOT
Al to'/Al6 ADO to AD15

Figure 3.13.1 Example for‘Connecting Units for On-board Programming

(2) Mode setting

To execute on-board programming, start the TMP91C829 in multi boot mode.

Settings necessary to-start up in multi boot mode are shown below.

BOOT =

L
RESET = f_

After setting the BOOT pin each to the above conditions and a RESET , the

TMP91C829 start up in multi boot mode.
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(3) Memory map
Figure 3.12.2 shows memory maps for multi chip and multi boot modes. When start
up in multi boot mode, internal boot ROM is mapped in FFF800H address, the boot
program starts up.
When start up in multi chip mode, internal boot ROM is mapped in 1F800H address,
it can be made to operate arbitrarily by the user. Program starting address is 1F800H.
Multi chip mode Multi boot mode
000000H 000000H A
Internal 1/0 Internal 1/0 Difect aréa (n)
000100H (4 Kbytes) 000100H (4 Kbytes) N4
001000H 001000H
Internal RAM Internal RAM
(8 Kbytes) (8 Kbytes)
003000H 003000H
External memory
01F800H
Internal boot ROM 16-Mbyte area
(2 Kbytes) (r32)
01FFFFH (-r32)
(r32+)
(r32 + d8/16)
(r32 +r8/16)
External memory. (nnn)
External memory
FFF800H Internal boot ROM
FFFEFFH (2 Kbytes)
FFFFOOH Vector table FFFFOOH Vector table
FFFFFFH (256 bytes) FFFFFFH (256 bytes)
([ = Internal area)
Figure 3.13.2 TMP91C829 Memory Map
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(4) SIO interface specifications

The following shows the SIO communication format in multi boot mode.

Before on-board programming can be executed, the communication format on the

programming controller side must also be setup in the same way as for the
TMP91C829.

Note that although the default baud rate is 9600 bps, it.can be changed to other
values as shown in Table 3.13.3.

Serial transfer mode:

UART (Asynchronous communication) mode,
full-duplex communication.

Data length: 8 hits.

Parity bit: None.

STOP bit: 1 bit.

Handshake: Microcontroller (P83) — Programming controller.
Baud rate (Default): 9600 bps.

(5) SIO data transfer format

Table 3.13.1 through 3.13.6 show supported frequencies, data'transfer format, baud

rate modification commands, operation commands, version ‘management information,

and frequency measurement result-with data store location, respectively.

Also refer to the description of boot program operation in the latter pages of this

manual as you read these tables.

Table 3.13.1 Supported Frequencies

16.000 MHz

20.000 MHz | 22.579 MHz_ |- 25.000 MHz | 32.000 MHz

33.868 MHz | 36.000 MHz

Table 3.13.2 Transfer Format

Number of Bytes

Transfer Data from

Transfer Data from

Transferred Controller to TMP91C829 Baud Rate TMP91C829 to Controller
Boot 1st byte Matching data (5AH) 9600 bps — (Frequency measurement and baud
ROM rate auto set)
2nd byte - 9600 bps OK: Echo back data (5AH)
Error: Nothing transmitted
3rd byte - 9600 bps Version management information
: (See Table 3.13.5)
6th byte
7th byte = 9600 bps Frequency information (See Table 3.13.6)
8th byte Baud rate modification command 9600 bps -
9th byte (See Table 3.13.3) 9600 bps OK: Echo back data
- Error: Error code X 3
10th-byte User program Changed new baud rate | Error: Operation stop by checksum error
: extended Intel Hex format (Binary)
n'th — 4 byte
n'th — 3 byte - Changed new baud rate | OK: SUM (High)
(See (6) (iii) Notes on SUM)
n'th — 2 byte - Changed new baud rate [ OK: SUM (Low)
n'th — 1 byte User program start command (COH) | Changed new baud rate | —
(See Table 3.13.4) Changed new baud rate | OK: Echo back data (COH)
n'th byte — Error: Error code X 3
RAM — JUMP to user program start address

Error code X 3 means sending an error code three times. Example, when error code is 62H, TMP91C829 sends 62H three
times. About error code, see (6)(b) Error code.
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Table 3.13.3 Baud Rate Modification Command

Baud Rate (bps) 9600 19200 38400 57600 115200

Modification Command 28H 18H 07H 06H 03H

Table 3.13.4 Operation Command

Operation Command

Operation

COH

Start user program

Table 3.13.5 Version Management Information

Version Information

ASCII code

FRM1

46H, 52H, 4DH, 31H

Table 3.13.6 Frequency Measurement Result Data

(MH2z)

Frequency of Resonator

16.000 20.000 22.579 25.000 32.000 33.868 36.000

1000H

(RAM store address)

00H 01H 02H 03H 04H 05H 06H

(6) Description of SIO boot program operation

When you start the TMP91C829 in multi BOOT mode, the boot program starts up.
The boot program provides the RAM loader function/described below.

RAM loader

The RAM loader transfers the data sent from the controller in extended Intel Hex
format into the internal RAM. When the transfer has terminated normally, the RAM
loader calculates the, SUM and sends the result to the controller before it starts
executing the user program. The execution start address is the first address received.

This RAM loader function provides the “user’s own way to control on-board

programming.

To execute on-board programming in the user program, you need to use the flash

memory command sequence to be connected. (Must be matched to the flash memory

addresses in multi boot mode:)

a. Operational procedure of RAM loader

1.

Connect the serial cable. Make sure to perform connection before resetting the
microcontroller.

Set the BOOT pin-to “boot” and reset the microcontroller.

The receive data in the 1st byte is the matching data. When the boot program
starts in‘multi boot mode, it goes to a state in which it waits for the matching data
to receive. Upon receiving the matching data, it automatically adjusts the serial
channels’ initial baud rate to 9600 bps. The matching data is 5AH.

The 2nd byte is used to echo back 5AH to the controller upon completion of the
automatic baud rate setting in the 1st byte. If the device fails in automatic baud
rate setting, it goes to an idle state.

The 3rd byte through 6th byte are used to send the version management
information of the boot program in ASCII code. The controller should check that
the correct version of the boot program is used.

91C829-161 2006-03-15



TOSHIBA

TMP91C829

10.

11,

12.

13.

The 7th byte is used to send information of the measured frequency.
The controller should check that the frequency of the resonator is measured
correctly.

The receive data in the 8th byte is the baud rate modification data. The five kinds
of baud rate modification data shown in Table 3.13.3 are available. Even when you
do not change the baud rate, be sure to send the initial baud rate data (28H; 9600
bps). Baud rate modification becomes effective after the echo back transmission is
completed.

The 9th byte is used to echo back the received data to the controller when the data
received in the 8th byte is one of the baud rate modification data corresponding to
the device’s operating frequency. Then the baud rate is'changed. If the received
baud rate data does not correspond to the device’s operating frequency, the device

goes to an idle state after sending 3 bytes of baud rate modification error code
(62H).

The receive data in the 10th byte through n’th —4 byte is received as binary data
in extended Intel Hex format. No received data is echoed back to the controller.
The RAM loader processing routine ignores the received data until it receives the
start mark (3BAH for “”) in extended Intel Hex format. Nor does it send error code
to the controller. After receiving the start mark, the routine receives a range of
data from the data length/to checksum and writes the)received data to the
specified RAM addresses successively.

After receiving one record of data from start mark to checksum, the routine goes
to a start mark waiting/state-again.

If a receive error or checksum error of extended Intel Hex format occurs, the
device goes to an idle state without returning error code to the controller.
Because the RAM loader processing routine executes a SUM calculation routine
upon detecting the end record, the controller should be placed in a SUM waiting
state after sending the end record to the device.

The n'th'—3 byte and the n’th-— 2 byte are the SUM value that is sent to the
controller/in order of upper byte and lower byte. For details on how to calculate
the SUM, refer to “Notes on SUM” in the latter page of this manual. The SUM
calculation is performed only when no write error, receive error, or extended Intel
Hex format error/has been encountered after detecting the end record. Soon after
calculation of SUM, the device sends the SUM data to the controller. The
controller should determine whether writing to the RAM has terminated normally
depending on whether the SUM value is received after sending the end record to
the device.

After sending the SUM, the device goes to a state waiting for the user program
start .code. \If the SUM value i1s correct, the controller should send the user

program/start command to the n’th — 1 byte. The user program start command is
COH.

The n’th byte is used to echo back the user program start code to the controller.
After sending the echo back to the controller, the stack pointer is set to 1056FH and
the boot program jumps to the first address that is received as data in extended
Intel Hex format.

If the user program start code is wrong or a receive error occurs, the device goes to
an idle state after returning three bytes of error code to the controller.
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b. Error code

The boot program sends the processing status to the controller using various code.
The error code is listed in the table below.

Table 3.13.7 Error Code

Error Code Meaning of Error Code
62H Baud rate modification error occurred.
64H Operation command error occurred.
AlH Framing error in received data occurred.
A3H Qverrun error in received data occurred.

*1: When a receive error occurs when receiving the user program;-the device does not send the error code to the
controller.
*2: After sending the error code, the device goes to an idle state.

C.
1.

o

Notes on SUM
Calculation method

SUM consists of byte + byte ... + byte, the sum of which-is returned in word as
the result. Namely, data is read out\in byte and sum of which is'calculated, with
the result returned in word.

Example:
If the‘data to be calculated consists of the four-bytes
AlH shown to the left, SUM of the data is:
B2H AlH + B2H + C3H.+ D4H = 02EAH
C3H SUM (HIGH) = 02H
D4H SUM (LOW) = EAH

Calculation data

The data from which SUM is calculated is the RAM data from the first address
received to'the last address received:

The received RAM write data is not the only data to be calculated for SUM.
Even ~when  the received addresses are noncontiguous and there are some
unwritten areas, data in the entire memory area is calculated. The user program
should not contain-unwritten gaps.

._Notes on extended Intel Hex format (Binary)

After receiving the checksum of a record, the device waits for the start mark (3AH

for “”) of the next record. Therefore, the device ignores all data received between
records during that time unless the data is 3AH.

Make sure that once the controller program has finished sending the checksum of
the end record, it does not send anything and waits for two byes of data to be
received (Upper and lower bytes of SUM). This is because after receiving the
checksum of the end record, the boot program calculates the SUM and returns the
calculated SUM in two bytes to the controller.

It becomes the cause of incorrect operation to write to areas out of device’s
internal RAM. Therefore, when an extended record is transmitted, be sure to set a
paragraph address to 0000H.

Always make sure the first record type is an extended record. Because the initial
value of the address pointer is 00H.
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5.

Transmit a user program not by the ASCII code but by binary. However, start
mark “” is 3AH (ASCII code).

Example: Transmit data in the case of writing in 16-byte data from address 1060H

Data record 3A 10 1060 00 0607F100030000F201030000B1F16010 77
Data

Checksum
Record type
Address
Number of data
“" (Start mark)

End record 3A 00 000001 FF
Checksum
Record type
Address
Number of data

“" (Start mark)

e. Error when receiving user program

If the following errors loccur in extended Intel Hex format when receiving the
user program, the device goes to an idle state.

e  When the record typeis not 00H; 01H, 02H

e  When a checksum error occurs

f. Error between frequency measurement and baud rate

The boot program measures the resonator frequency when receiving matching
data. If lan‘error is under 3%, the boot program decides on that frequency. Since
there is an overlap between the margin of 3% for 32.000 MHz and 33.868 MHz,
the boundary is set at the intermediate value between the two. The baud rate is
set based on the measured frequency. Each baud rate includes a set error shown in
Table 3.13.8. For example; in the case of 20.000 MHz and 9600 bps, the baud rate
is actually set at 9615.38 bps with an error of 0.2%. To establish communication,
the sum of the baud rate set error shown in Table 3.13.8 and the frequency error
need to be under 3%.

Table 3.13.8 Set Error of Each Baud Rate (%)

9600 bps 19200 bps | 38400 bps | 57600 bps | 115200 bps

16.000 MHz 0.2 0.2 0.2 -0.6 -0.8
20.000 MHz 0.2 0.2 0.2 -0.2 0.9
22.579 MHz 0 0.7 0 0 0

25.000 MHz -0.2 05 -0.1 0.5 0.5
32.000 MHz 0.1 0.2 0.2 0 0.6
33.868 MHz 0.2 0.2 0.2 0 0.7
36.000 MHz 0.2 0.2 -0.7 0.2 0.2
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(7) Ports setup of the boot program

Only ports shown in Table 3.13.9 are setup in the boot program. At the time of boot
program use, be careful of the influence on a user system. Do not use CSO space and

P60 in the system which uses the boot program.

Other ports are not setting up, and are the reset state or the state of boot program

starting.
Table 3.13.9 Ports Setting List
Ports Function Input/output High/low Notes
P60 Cso Output - CS0 space is 20000H to 201FFH.
P61 Port Output -
P62 Port Output High
P63 Port Output -
P80 Port Input High Not open-drain port.
This port becomes TXDO-after matching data reception.
P81 RXDO Input High
P82 Port Input —
P83 Port Input Low This port.is ‘set as the output-and becomes’ RTS0 | after
matching data reception.
P84 Port Input —
P85 Port Input —
P86 Port Input -
P87 Port Input —

—: Un-setting up

(8) Setting method of microcontroller peripherals

Although P83 has the RTS0 function, it is initially in a high-impedance state and
not set as RTSO . To establish serial communication, attach a pull-down resistor to P83.
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4. Electrical Characteristics

4.1 Maximum Ratings

Parameter Symbol Rating Unit
Power supply voltage (5 V) HVcc -0.5t05.75
Power supply voltage (3 V) LVce -0.51t0 4.0 Vv
Input voltage VIN -0.5to Vcc + 0.5
Output current (Per pin) 10L 2
Output current (Per pin) IOH -2 mA
Output current (Total) ZI0L 80
Output current (Total) >IOH -80
Power dissipation (Ta = 85°C) PD 600 mw
Soldering temperature (10 s) TSOLDER 260
Storage temperature TSTG -65to0 150 °C
Operating temperature TOPR —20 to.70

Note: The maximum ratings are rated values which must 'not be exceeded. during opéeration, even for an
instant. Any one of the ratings must not be exceeded. If any maximum rating is-exceeded, a device
may break down or its performance may be degraded, causing it to catch fire or explode resulting in
injury to the user. Thus, when designing- products which include this device, ensure that no

maximum rating value will ever be exceeded.

Solderability of lead free products

The number of times = one, Use of R-type-flux

Solder bath temperature =230°C, Dipping time =

5:seconds

(2) Useof Sn-3.0Ag-0:5Cu solder bath

Solder bath temperature =245°C, Dippingtime =
The number of times = one, Use of R-type flux (use of lead free)

5 seconds

Test Test condition Note
parameter
Solderability | (1) Use of Sn-37Pb solder Bath Pass:

solderability rate until forming > 95%
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4.2 DC Characteristics (1/2)
Parameter Symbol Condition Min Typ. (Note) Max Unit
Power supply voltage (5 V)
(AVce = Hvce) HVCC | fc=10to 36 MHz 4.75 5.25 \%
(AVss=DVss=0V)
Power supply voltage (3 V) LVCC | fc=10to 36 MHz 3.0 3.6 \Y
DO to D7, P10 to P17
(D8 to D15) Vi 08
% Other ports ViLL 0.3 HVce
'© | RESET, NMI
(_% P56 (INTO), P70 (INT1) ViLo -0.3 0.25 HVce
5 [P72 (INT2), P73 (INT3)
g’ P75 (INT4), P90 (INT5)
AMO, AM1 VL3 0.3
X1 ViLa 0.2 LVec v
DO to D7, P10 to P17 (D8
VIH 2.2
to D15)
% Other ports VIH1 0.7'HvVce
é RESET , NMI HVee + 0.3
(_% P56 (INTO), P70 (INT1) Vit 0.75 HVee
5 [P72 (INT2), P73 (INT3)
g’ P75 (INT4), P90 (INT5)
AMO, AM1 VIH3 HVcc - 0.3
X1 ViH4 0.8 LVcc LVcc + 0.3
Output low voltage VoL IOL =1.6 mA 0.45 v
Output high voltage VoH IOH =-400 pA 4.2
Input leakage current ILI 0.02 +5 0.0 < VIN < HVcc pA
QOutput leakage current ILO 0.05 +10 0.2 <VIN <HVcc -0.2
Power down voltage VIL2 = 0.2 HVcc, \
(at STOP, RAM back up) VSTOR 20 36 V IH2 = 0.8 HVcc
RESET pull-up resistor RRST 40 200 HVcc =5V + 5% kQ
Pin capacitance ClO 10 fc =1 MHz pF
Schmitt width \%
RESET, NMI, INTOto INTS | /11 04 0
Programmable pull-up kQ
resistor RKH 40 200 HVcc =5V £ 5%
NORMAL (Note 2) HVcc =5V £ 5% mA
Icc 40 LVcc=3.0t03.6 V
fc =36 MHz
IDLE2 20
IDLE1 14
STOP HVcc=5V + 5% HA
100 LVcc=3.0t03.6 V
Ta < 70°C

Note 1: Typical values are for when Ta = 25°C, HVcc = 5.0 V and LVcc = 3.3 V unless otherwise noted.

Note 2: Icc measurement conditions (NORMAL):
All functions are operational; output pins are open and input pins are fixed.
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4.3 AC Characteristics

(1) HVee=5.0V +5%, IVcc=3.0t0 3.6V

Variable fepn = 36 MHz .

No. Parameter Symbol Unit
Min Max Min Max

1 frpH period (=x) tEPH 27.6 100 27.6 ns
2 A0 to A23 valid — RD /WR fall tac X — 26 1.6 ns
3 RD rise — AO to A23 hold tCAR 0.5x -13.8 0.0 ns
4 WR rise — A0 to A23 hold tcAwW x—13 14.6 ns
5 A0 to A23 valid — DO to D15 input taD 3.5x =40 56.6 ns
6 RD fall - DO to D15 input trRD 2.5x +34 35.0 ns
7 RD low width tRR 2.5x - 25 44.0 ns
8 RD rise — DO to D15 hold tHR 0 0 ns
9 WR low width tww 2.0x - 25 30.2 ns
10 | DO to D15 valid —» WR rise tpw 1.5x — 35 6.4 ns
11 WR rise — DO to D15 hold ~ (1+N) waits twb X — 25 2.6 ns
12 | AOto A23valid > WAIT input (+Nywaits | a\y 355x - 60 36.6 ns
13 RD /WR fall > WAIT hold tcw 25x+0 69.0 ns
14 A0 to A23 valid — Port input tAPH 3.5x - 76 20.6 ns
15 A0 to A23 valid — Port hold tAPH2 3.5x 96.6 ns
16 A0 to A23 valid — Port valid taPO 3.5x + 60 156.6 ns

AC measuring conditions
Output level: High=2.2V, Low = 0.8 Vcc, CL =50 pF
Input level:  High=2.4V, Low =0.45V (DO to D15)
High 0.8 Vcc, Low 0.2 Vcc (except DO to.D15)

Note: Symbol “x” in the above table means the period of clock “fgppy”, it's half period of the system clock
“fsys” for CPU core. The period of frpy depends-on the clock gear setting.
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(2) Read cycle

] ] ]
1 I 1
1 I 1
1 I 1
1 I 1
) I 1
\ 1 | [
! i i i
H 1 1 1
H 1 1 1
H 1 1 1
H 1 1 1
H 1 1 1
! i i i
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! | i i
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e : i 1 |
Portinput - 1] _ __ _______ :_.._EA_PEZ _____ DN — m e e p E -
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! [< T tAD » 7 [«<—lCAR—p
_ ] I
RD | N |« : tRR : N |
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[} [} P : K
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[} [}
DOto D15 _ _|! ! | B x
": ________ :'""""“‘: “““““ { DO to D15 Z‘"'
N 7
| i I
[} I H
1 1

Note: Since the CPU accessesthe internal areato read data from a port, the control signals of external
pins such as RD and CS are not enabled. Therefore, the above waveform diagram should be
regarded as depicting internal operation. Please also note that the timing and AC characteristics
of port input/output shown above- are typical representation. For details, contact your local
Toshiba sales representative.
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(3) Write cycle

WAIT

™~

1 ""'"""‘1"\"'K’""'""

[}
[}
[}
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[}
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[}
[}
I
[}
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[}
[}
|
i
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[}
[}
|
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-
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< tapo >

Port output >j;
— < tcaw —|
WR , WAIT W / :
. |
| 1
tbw . <«<——1twp .

1

DO to D15 -=-============-q-—---ioo- DO to D15 | i
! ! !
| I
! !

Note: Since the CPU accesses the internal area to-write data to a port, the control signals of external
pins such as WR and CS' are not enabled. Therefore, the above waveform diagram should be
regarded as depicting internal operation. Please also note that the timing and AC characteristics
of port input/output shown above- are typical representation. For details, contact your local
Toshiba sales representative.
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4.4 AD Conversion Characteristics

AVcc = HVcce, AVss = Vss

Parameter Symbol Min Typ. Max Unit
Analog reference voltage (+) VREFH HVce-0.2V HVce HVce
Analog reference voltage (-) VREFL DVss DVss DVss+ 0.2V \
Analog input voltage range VAIN VREFL VREEH
Analog current for analog
Reference voltage IREF 0.85 1.20 mA
<VREFON>=1 (VREFL = 0V)
<VREFON> =0 0.02 5.0 pA
Error
(Not including quantizing errors) - 2 4.0 LSB

Note 1: 1 LSB = (VREFH - VREFL)/1024 [V]

Note 2: The value for Icc includes the current which flows,through the AVcc pin.
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4.5 Serial Channel Timing (I/O internal mode)

Note: Symbol “x” in the above table means the period of clock “fgpy”, it's half period of the system clock
“fsys” for CPU core. The period of fepy depends on the clock gear setting.

(1) SCLK input mode

. 36 MHz
Variable .
Parameter Symbol (Note)| Unit
Min Max Min | Max
SCLK period tscy 16X 0.44 us
Output data — SCLK rising/falling edge* toss tscy/2 —4X -85 25 ns
SCLK rising/falling edge* — Output data hold toHs tscy/2 +2X+ 0 276 ns
SCLK rising/falling edge* — Input data hold tHSR 3X +10 92 ns
SCLK rising/falling edge* — Valid data input tSRD tscy -0 440 ns
Valid data input — SCLK rising/falling edge* tRDS 0 0 ns
*) SCLK rising/falling edge: The rising edge is used-in-SCLK rising mode.
The falling edge is used in SCLK falling mode.
Note: at tgcy =16X
(2) SCLK output mode
. 36 MHz
Variable i
Parameter Symbol (Note)| Unit
Min Max Min | Max
SCLK period (Programable) tscy 16X 8192X 0.44 us
Output data — SCLK rising/falling edge* toss tscy/2 - 40 180 ns
SCLK rising/falling edge* — Output data hold toHs tscy/2 =40 180 ns
SCLK rising/falling edge* — Input data hold tHSR 0 0 ns
SCLK rising/falling edge*— Valid data’input tSRD tscy/2 — 1X-90 324 ns
Valid data input - SCLKrising/falling edge* tRDS 1X'+90 117 ns
*) SCLK rising/falling edge: The rising edge is used in SCLK rising mode.
The falling-edge.is used in SCLK falling mode.
Note: at'tgcy = 16X
tscy R
SCLK | I | | | |
toss | toHs
Output data
TXD N 0 1 X 2 X 3
le— tsrRD S tHSR
Input data
RXD X0 X X 1 X X 2 X X3 X
Valid Valid Valid Valid
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4.6 Event Counter (TAOIN, TA4IN, TBOINO, TBOIN1)

Variable 36 MHz .
Parameter Symbol : - Unit
Min Max Min | Max
Clock perild tvek 8X + 100 320 ns
Clock low level width tveKL 4X + 40 150 ns
Clock high level width tVCKH 4X + 40 150 ns

Note: Symbol “x” in the above table means the period of clock “frpy”, it's-half period of the system clock
“fsys” for CPU core. The period of frpy depends on the clock gear setting .

4.7 Interrupts

Note: Symbol “X” in the above table means the period of clock “fppy”, it's half period of the system
clock “fgys” for CPU core. The period of frpy depends on the clock gear setting.

(1) NMI, INTO to INT5 interrupts

Variable 36 MHz ,
Parameter Symbol . 7 Unit
Min Max Min | Max
NMI, INTO to INT5 low level width HNTAL 4X + 40 150 ns
NMI, INTO to INT5 high level width tINTAH 4X + 40 150 ns
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4.8 Bus Request/Bus Acknowledge
BUSR \
¢ 45 /
(Note 1) teBAL
BUSAK 7]
\ 49
> le le— [BAA
DO to D15 5}.“*.'35_ e e oo Note2) Lo {‘
-_ 7 ~
A0 to A23, (Note 2) —
RD, WR 4 S N ettt 7
TS0 to Cs3, 7 ------- 2 e 2 ittt S
HWR \—
Variable f =36 MHz
Parameter Symbol FPH Unit
Min Max Min Max
Output buffer to BUSAK low tABA 0 80 0 80 ns
BUSAK high to output buffer on tBaA 0 80 0 80 ns

Note 1: Even if the BUSRQ signal goes low, the bus will'not be released while the wAIT signal is low.
The bus will only be released when BUSRQ goes low while, WAIT is high.

Note 2: This line shows only that the output buffer is in the off state.
It does not indicate that the signal level is fixed.
Just after the bus is released, the signal level set before the bus was released is maintained
dynamically by the external capacitance. Therefore, to fix the signal level using an external
resister during bus release, careful design is-necessary, since fixing of the level is delayed.
The internal programmable pull-up/pull-<down resistor is switched between the active and
non-active states-by the internal signal.
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5. Table of SFRs

The special function registers (SFRs) include the I/O ports and peripheral control registers
allocated to the 4-Kbyte address space from 000000H to OO0OFFFH.

(1) I/O port

(2) T/0O port control

(3) Interrupt control

(4) Chip select/wait control
(5) Clock gear

(6) 8-bit timer

(7) 16-bit timer

(8) UART/serial channel
(9) AD converter

(10) Watchdog timer

(11) Multi vector controller

Table layout
Symbol Name Address 7 i 6 i // i 1 i 0
i i \\ i+ - |——>Bitsymbol
i i \\ i i > Read/Write
| | H 1 —> Initial value after Reset
! v /[ 1 > Remarks

Note: “Prohibit RMW?” in the a table means that you cannot.use RMW instructions on these register.

Example: When setting bit0 only of the register PXCR, the instruction “SET 0, (PXCR)” cannot be
used. The LD (Transfer) instruction must be used to write all eight bits.

Read/Write
R/W: Both read and write are possible.
R: - Only read is possible.
W: —Only write is possible:.
W*: Both read and write are possible (when this bit is read as 1).

Prohibit RMW: - Redd-modify-write instructions are prohibited. (The EX, ADD, ADC, BUS,
SBC, INC, DEC, AND, OR, XOR, STCF, RES, SET, CHG, TSET, RLC, RRC,
RL, RR, SLA, SRA, SLL, SRL, RLD, and RRD instruction are
read-modify-write instructions.)

R/W*: Read-modify-write is prohibited when controlling the pull-up resistor.
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Table 5.1 Address Map SFRs
[1] PORT
Address Name Address Name Address Name
0000H 0010H | P5CR 0020H
1H|P1 1H|P5FC 1H
2H 2H|P6 2H
3H 3H|P7 3H
4H|P1CR 4H|P6CR 4H
5H 5H|P6FC 5H
6H| P2 6H|P7CR 6H
7H 7H|P7FC 7H
8H 8H| P8 8H
9H|P2FC 9H| P9 9H
AH AH|P8CR AH
BH BH | P8FC BH
CH CH|P9CR CH
DH|P5 DH | P9FC DH
EH EH|PA EH
FH FH FH] obE
Address Name
0070H
1H
2H
3H
4H
5H
6H
H
8H
9H
AH
BH
CH
DH|Pz
EH|PzCR
FH|PZFC
[2] INTC
Address Name Address Name Address Name
0080H | DMAQOV 0090H | INTEOAD OOAOH | INTETCO1
1H ] DMA1V 1H|INTE12 1H|INTETC23
2H | DMA2V 2HINTE34 2H
3H | DMA3V 3H]INTES 3H
4H 4H 4H
5H 5H|INTETAO1 5H
6H 6H | INTETA23 6H
7H 7H| INTETA45 7H
8H ] INTCLR 8H 8H
9H } DMAR 9H| INTETBO 9H
AH | DMAB AH AH
BH BH | INTETBOV BH
CH|lIMCO CH]INTESO CH
DH [HIMC1 DH|INTES1 DH
EH EH EH| MVECO
FH FH FH|MVEC1

Note: Do not access to the unnamed addresses (e.g., addresses to which no register has been allocated).
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[3] CSIWAIT

[4] CGEAR, DFM

Address

Name

Address

Name

00COH
1H
2H
3H
4H
5H
6H
7H
8H
9H
AH
BH
CH
DH
EH
FH

BOCS
B1CS
B2CS
B3CS

BEXCS
MSARO
MAMRO
MSAR1
MAMR1
MSAR2
MAMR2
MSAR3
MAMR3

00EOH
1H
2H
3H
4H
5H
6H
7H
8H
9H
AH
BH
CH
DH
EH
FH

SYSCRO
SYSCR1
SYSCR2
EMCCRO
EMCCR1

[5] TMRA

Address

Name

Address

Name

0100H
1H
2H
3H
4H
5H
6H
7H
8H
9H
AH
BH
CH
DH
EH
FH

TAO1RUN

TAOREG
TA1REG
TA01MOD
TAL1FFCR

TA23RUN

TA2REG
TA3REG
TA23MOD
TA3FFCR

0110H
1H
2H
3H
4H
5H
6H
7H
8H
9H
AH
BH
CH
DH
EH
FH

TA45RUN

TA4AREG
TASREG
TA45MOD
TASFFCR

Note: Do not access to the unnamed addresses (e.g.,-addresses to which no register has been allocated).
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[6] TMRB
Address Name
0180H |JTBORUN
1H
2H |TBOMOD
3H |TBOFFCR
4H
5H
6H
H
8H |TBORGOL
9H |TBORGOH
AH |TBORG1L
BH |TBORG1H
CH |TBOCPOL
DH |TBOCPOH
EH |TBOCP1L
FH |TBOCP1H
[8] 10-Bit ADC
Address Name
02A0H | ADREGO0O4L
1H | ADREGO4H
2H | ADREGI15L
3H | ADREG15H
4H | ADREG26L
5H | ADREG26H
6H | ADREG37L
7H | ADREG37H
8H
9H
AH
BH
CH
DH
EH
FH

[7] UART/SIO

Address

Name

0200H
1H
2H
3H
4H
5H
6H
7H
8H
9H
AH
BH
CH
DH
EH
FH

SCOBUF
SCOCR
SCOMODO
BROCR
BROADD
SCOMOD1

SC1BUF
SCICR
SC1MODO
BR1CR
BR1ADD
SC1MOD1

Address

Name

02BOH
1H
2H
3H
4H
5H
6H
7H
8H
9H
AH
BH
CH
DH
EH
FH

ADMODO
ADMOD1

Note: Do not access to the unnamed- addresses (e.g.,-addresses to which no register has been allocated).

[9] WDT

Address

Name

0300H
1H
2H
3H
4H
5H
6H
7H
8H
9H
AH
BH
CH
DH
EH
FH

WDMOD
WDCR

Note: Do not access to the unnamed addresses (e.g., addresses to which no register has been allocated).
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(1) /O port
Symbol Name Address 7 6 5 4 3 2 1 0
P17 P16 P15 P14 P13 P12 P11 P10
P1 Port 1 01H R/W
Data from external port (Output latch register is cleared to 0.)
P27 P26 P25 | P24 | P23 p22 | P21 | P20
P2 Port 2 06H R/W
1 1 1 1 1 1 1 1
P56 P55 P54 P53
R/W*
P5 Port 5 ODH Data from external port (Output latch register is set to 1.)
0(Output latch register): Pull-up resistor OFF
1(Output latch register): Pull-up resistor ON
P63 P62 P61 P60
P6 Port 6 12H R/W
1 0 1 1
P75 P74 P73 P72 P71 P70
P7 Port 7 13H R/W
Data from-external port (Output latch register is set to 1.)
P87 P86 pes | pea. | pss | ps2 | pe1 | P80
R/W
P8 Port 8 18H Data from external port (Output latch registeris set/to 1.)
0(Output latch register): Pull-up resistor OFF
1(Output latch register): Pull-up resistor ON
P96 pos | Poa | Po3 P90
R/W R/W
Data from
P9 Port 9 19H lexternal port
Data from external port
(Output latch register.is.set to 1.) (Ou.tpm !atch
register is set
to 1.)
PA7 PAG6 | PAS PA4 | PA3 PA2 PAl PAO
PA Port A 1EH R
Data from external port
PZ3 Pz2
R/W
4 Port 7DH Data from external port
(Output latch register is
setto 1.)
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(2) 1/0 port control (1/2)
Symbol Name [Address 7 6 5 4 3 2 1 0
0 P17C P16C P15C P14C P13C P12C P11C P10C
4H
Port 1 . W
P1CR control (Prohibit | | | | | |
RMW) 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1
0: Input  1: Output
oot P27F P26F | P25F | P24F | P23F | P22F | P21F | P20F
Port 2 o W
P2FC function (Prohibit | | | | | |
RMW) 1 1 1 1 1 1 1 1
0: Port 1: Address bus (A23 to A16)
P56C | P55C | P54C | P53C
Port 5 10H W
P5CR control (Prohibit | | |
RMW) 0 0 0 0
0: Input  1: Output
P56F P54F | P53F
11H W W
Port 5 -
P5FC ) (Prohibit 0 0 0
function
RMW) 0: Port 0: Port 0: Port
S INTO 1. BUSAK | 1: BUSRQ
P63F P62F P61F P60F
15H W
perc | OO | (prohibit
function 0 9 0 0
RMW) 0: Port 0:Port 0: Port 0: Port
1. CS3 1: Cs2 1: Cs1 1: CS0
16H P75C P74C P73C pP72C p71C p70C
Port 7
P7CR control (Prohibit W
RMW) 0 0 0 0 0 0
0 :Input 1:Output
P72F2 P75F P74F P73F P72F1 P71F P70F
17H W W W W w W W
Port 7 -
P7FC ) (Prohibit 0 0 0 0 0 0 0
function
RMW) /Port 0: Port 0:-Port 0: Port 0: Port 0: Port 0: Port
JINT2 1: INT4 1: TASOUT | 1: INT3 1: TA3OUT [1: TAIOUT | 1: INT1
pP87C P86C P85C p84C P83C pP82C P8iC P80C
Port 8 W
P8CR A
control (Prohibit 0 0 0 0 0 0 0 0
RMW) 0: Input 1. Output
P87F P86F P84F P83F P82F P80OF
1BH W W w W w W
Port 8 -
P8FC function (Prohibit 0 0 0 0 0 0
uncti
RMW) |0: Port . Port 0: Port 0: Port 0: Port 0: Port
1: sTS1 . SCLK1 1: TXD1 1: STSO 1: SCLKO 1: TXDO
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I/O port control (2/2)
Symbol Name Address 7 6 5 4 3 2 0
P96C P95C P94C P93C P90C
1CH
Port 9 o W W
PI9CR (Prohibit 0 0 0 0 0
control RMW)
0: Input  1: Output O Input
1: Output
P96F P95F P90F
Port 9 1DH W W W
or
PIOFC . (Prohibit 0 0 0
function
RMW) 0: Port 0: Port 0: Port
1: TBOOUT1/1: TBOOUTO 1: INT5
pz3C pz2C
Port Z 7EH W,
PZCR (Prohibit
control 0 0
RMW)
O:=Input 1: Output
PZ2F
7FH
Port Z . W
PZFC . (Prohibit 0
function
RMW) 0: Port
1. HWR
ODE84 ODES80
Serial 2FH W W
ODE | (Prohibit
open drain 0 0
RMW)
1: PB4ODE 1: PBOODE
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(3) Interrupt control (1/3)
Symbol | Name | Address 7 | e | 5 | 4 3 > | 1 | o
INTAD INTO
Interrupt IADC IADM2 | IADM1 | IADMO 10C I0M2 | I0M1 | I0MO
INTEOAD | enable 90H R R/IW R R/IW
0&AD 0 o | o [ o 0 o | o [ o
1: INTAD Interrpt request level 1: INTO Interrpt request level
INT2 INT1
Interrupt
enable 12C 12M2 | 12M1 | 12MO 11C 11M2 | 11M1 | 11MO
INTE12 91H R RIW R RIW
2/1
0 o | o | o 0 o | o [ o
1: INT2 Interrupt request level 1:INT1 Interrpt request level
INT4 INT3
Interrupt
enable 14C 14M2 | 14M1 | 14MO 13C 13M2 | 13M1 | 13MO0
INTE34 92H R R/W R R/IW
4/3
0 o | o | o 0 o | o ] o
1: INT4 Interrupt request level 1: INT3 Interrpt requestlevel
INTS
Interrupt I5C 15M2 | I5M1 | I5MO
INTE5 | enable 5 93H R RIW
0 o] 0o [ o
1: INT5 Interrpt request level
INTTAL (TMRAL) INTTAO (TMRAO)
Interrupt
enable ITALC ITAIM2 | ITAIM1 | ITAIMO ITAOC ITAOM2 | ITAOM1 | ITAOMO
INTETAOL
timer A 95H R RAY R R/W
10 0 o ] o ] o 0 o | o [ o
1: INTTAL Interrpt request level 1: INTTAO Interrpt request level
Interrupt INTTA3 (TMRA3) INTTA2 (TMRA2)
enable ITA3C ITA3M2 ITASM1 ITA3MO ITA2C ITA2M2 ITA2M1 ITA2MO
INTETA23
timer A 96H R RIW R R/W
3 0 o | o | o 0 o | o | o
1: INTTA3 Interrpt request level 1: INTTA2 Interrpt request level
INTTAS5 (TMRAS) INTTA4 (TMRA4)
Interrupt
enable ITASC ITASM2 | ITASM1 | ITASMO ITA4AC ITAAM2 | ITAAM1 | ITAAMO
INTETA45( | 97H
timer A R RIW R RIW
5 0 o | o -} o 0 o | o [ o
1: INTTAS Interrpt request level 1: INTTA4 Interrpt request level
Interrupt INTTBO1 (TMRBO) INTTBOO (TMRBO)
enable iTBo1C | 1mBoim2 | irBoam1 | imBoimo | imBooc | rrBoom2 | irBoom1 | iTBOOMO
INTETBO H
timer BO Q R RIW R RIW
0 o | o | o 0 o | o [ o
1: INTTBOL Interrpt request level 1: INTTBOO Interrpt request level
INTTBOFO (TMRBO overflow)
Interrupt
ITFOC ITFOM2 ITFOM1 ITFOMO
INTETBOQV] enable 9BH
timer-BO R | R/W |
(overflow) 0 0 0 0
l1: INTTBOFO Interrpt request level
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Interrupt control (2/3)
Symbol | Name | Address 7 | e | 5 | 4 3 > | 1 ] o
INTTXO INTRXO
Interrupt mxoc | mxom2 | mmxom1 | mmxomo | irxoc | irxom2 | irxomi | irxomo
INTESO [ enable 9CH R R/W R R/W
serial 0 0 0 | 0 | 0 0 0 | 0 | 0
1: INTTXO0 Interrpt request level 1: INTRXO0 Interrpt request level
INTTX1 INTRX1
Interrupt ITX1C ITX1M2 | ITX1M1 | ITX1MO IRX1C IRX1M2 | IRX1M1 | IRX1MO
INTES1 [ enable 9DH R R/W R R/W
serial 1 0 o | o | o 0 o | o | o
1: INTTX1 Interrpt request level 17 INTRX1 Interrpt request level
Interrupt INTTC1 INTTCO
INTETCOL enable AOH ITC1C ITCIM2 | ITCIM1 | ITC1IMO ITCOC ITCOM2 | ITCOM1 | ITCOMO
TCoL R RIW R RIW
0 o | o | o 0 o | o | o
Interrupt INTTC3 ITC2MO
NrEToa| enable | aqn |1TC3C | ITC3Mm2 | mcam1 | imeamo | itcoc | ircom2 | ireom1 | ircomo
TC23 R RIW R R/W
0 0 | 0 | 0 0 0 | 0 | 0
91C829-183 2006-03-15




TOSHIBA TMP91C829
Interrupt control (3/3)
Symbol Name Address 7 6 5 4 3 2 1 0
DMA 0 DMAOV5 DMAOV4 | DMAOV3 DMAOV2 DMAOV1 | DMAOVO
R/IW
DMAOQV | request 80H
o« T o [ o [ o T o T
DMAQO start vector
DMA 1 DMA1V5 | DMA1V4 | DMA1V3 | DMA1V2 | DMA1V1 | DMA1VO0
R/W
DMA1V [ request 81H
o T o [ o [ o] o I3
DMAL1 start vector
DMA 2 DMA2V5 | DMA2V4 | DMA2V3 | DMA2V2 | DMA2V1 | DMA2V0
RIW
DMA2V | request 82H
o« T o [0 [ o T o T
DMA?2 start vector
DMA 3 DMA3V5 | DMA3V4 | DMA3V3 | DMA3V2 | DMA3V1 | DMA3VO0
R/IW
DMA3V | request 83H
o« T o T o [ ol 0 T o
DMA3 start vector
CLRV5 | CLRV4 | CLRV3 | CLRV2 | CLRV1 | CLRVO
Interrupt 88H W
INTCLR | clear (Prohibit
control RMW) 0 | 0 | 0 | 0 | 0 | 0
Clear interrupt request DMA flag by writing to DMA start vector.
DMA DMAR3 DMAR2 DMAR1 DMARO
software
DMAR 89H R/W. R/W R/W R/W
request 0 0 0 0
register 1: DMA request in software
DMA DMAB3 DMAB2 DMAB1 DMABO
burst
DMAB 8AH R/IW R/W R/W R/W
request 0 0 0 0
register 1 : DMA request on burst mode
- I2EDGE 12LE ILEDGE 11LE IOEDGE I0LE NMIREE
W W W W W W W W
Interrupt 8CH 0 0 0 0 0 0 0 0
IIMCO input Always INT2 edge |INT2 INT1 edge (INT1 INTO edge [INTO 1: NMI
mode (Prohibit | \write0”.  [0: Rising |0+ Edge {0/ Rising  [0: Edge  [0: Rising |0: Edge operation
control 0 | RMW) 1: Falling  [1: Level 1: Falling |1: Level 1: Falling |1: Level even on
NMI rising
edge
ISEDGE I5LE 14EDGE 14LE I3BEDGE I3LE
Interrupt 8DH W L w w W W
input 0 0 0 0 0 0
IMCL ™| ode (Prohibit INT5 INT5 INT4 INT4 INT3 INT3
control'l RMW) edge 0: Edge edge 0: Edge edge 0: Edge
0:-Rising 1: Level 0: Rising 1: Level 0: Rising 1: Level
1: Falling 1: Falling 1: Falling
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(4) Chip select/wait control (1/2)

Symbol Name Address 7 6 5 4 3 2 1 0
BOE BOOM1 BOOMO BOBUS BOW2 BOW1 BOWO
Block 0 COH w w w w w w w
CS/WAIT 0 0 0 0 0 0 0
BOCS | control | (propipit |0: Disable 00: ROM/SRAM Data bus  |000: 2 waits
register RMW) 1: Enable 01: } width 001:.1 wait
10: Reserved 0: 16 bits  |010: (1 + N) waits 1xx: Reserved
11: 1: 8 bits 011: 0 waits
B1E B1OM1 B1OMO B1BUS B1W2 B1W1 B1WO
Block 1 C1H w W w w w w w
CS/WAIT 0 0 0 0 0 0 0
B1CS | control (Prohibit |0: Disable 00: ROM/SRAM Databus |000:2 waits
register RMW) 1: Enable 01: } width 001: 1 wait
10: Reserved 0: 16 bits  {010: (1 + N) waits 1xx: Reserved
11: 1:8 bits 011: 0 waits
B2E B2M B20OM1 B20OMO B2BUS B2W2 B2W1 B2WO
Block 2 CoH w w w w w w w w
CS/WAIT 1 0 0 0 0 0 0 0
B2CS | control (Prohibit |0: Disable [0:16 M |00: ROM/SRAM Data bus  |000: 2 waits
register RMW) 1: Enable space |01: } width 001: 1 wait
1: Area 10: Reserved 0: 16 bits  |010: (1 + N)waits” 1xx: Reserved
setting  |11: 1: 8 bits 011: 0 waits
B3E B30OM1 B30OMO B3BUS B3w2 B3w1 B3wWO0
Block 3 C3H w w w w W w w
CS/WAIT 0 0 0 0 0 0 0
B3CS | control (Prohibit 0: Disable 00: ROM/SRAM Data bus / |000: 2 waits
register RMW) 1: Enable 01: } width 001: 1 wait
10: Reserved 0: 16 bits  [010: (1 + N) waits 1xx: Reserved
11: 1: 8 bits 011: 0 waits
BEXBUS BEXW?2 BEXW1 BEXWO
External C7H W W W w
CS/WAIT 0 0 0 0
BEXCS | control (Prohibit Data bus  |000: 2 waits
register RMW) width 001: 1 wait
0: 16 bits  |010: (1 + N) waits 1xx: Reserved
1: 8 hits 011: 0 waits
Memory s23 S22 s21 S20 S19 s18 | s17 | sie
MSARO start coN R/IW
address 1 | oo a1 ] 1 ] 1 ] 1 ]
register 0 Start address A23 to A16
Memory v2o | wvie fowvig | viz | vie | wvis | via~o | vs
address R/IW
register 0 CSO0 Area size  0: Enable to address comparision
Memory s23 | s2 | sz | s | s19 | si8 | siz | sie
start R/IW
register 1 Stat address A23 to A16
Memory voar . v2o | vie [ wvis | wvaz | wvie | vis9 | v8
address R/IW
register 1 CSlarea size 0: Enable to address comparsion
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Chip select/wait control (2/2)
Symbol Name Address 7 6 5 4 3 2 1 0
Memory s23 S22 s21 S20 S19 s18 s17 S16
MsAR2 | CCH RIW
address 1 1 |1 12 ] 12 ] 1 1
register 2 Start address A23 to A16
Memory V22 vai1 | veo | vie | vis | .vi7 V16 V15
MAMR2 address CDH R/W
mask 1 1 [ |1 |1 | 1 1
register 2 CS?2 area size 0: Enable address comparsion
Memory s23 s22 | s21 | s20 | si9- ] o sis s17 S16
MsAR3 | CEH R
address 1 1 [ + | 1 | 1 ] 1 1
register 3 Start address A23 to A16
Memory V22 vt | wveo | vie | ‘wvis || w1z V16 V15
MAMR3 |2ddress CFH RA
mask 1 1 [ 2 | 1] 2 | 1 1 1
register 3 CS3 area size  0: Enable to address comparsion
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(5) Clock gear
Symbol Name |Address 7 6 5 4 3 2 1 0
— — — — — WUEF PRCK1 PRCKO
R/W
1 0 1 0 0 0 0 0
Always Always Always Always Always Warm-up Prscaler clock seleciton
write “1”. [ write “0”. | write “1”. | write “0". [ write “0". timeﬁ 00: fepH
fﬁ;itke m (IZ))oquti:are 01: Reserved
SYSCRO EOH 10: fc/16
control Write:
register 0 Start timer 11: Reserved
Read: End
warm-up
Read:
Not end
warm-up
— GEAR2 GEAR1 | GEARO
R/W
0 1 o | o
Always High-frequency gear value selection
System write “0”. (fC)
clock 000:fc
SYSCR1 control E1H 001: fc/2
register 1 010: fc/4
011: fc/8
100: fe/16
101: (Reserved)
110: (Reserved)
111: (Reserved)
— WUPTM1 | WUPTMO | HALTM1 HALTMO DRVE
R/W R/W R/W R/W R/W R/W
System 0 1 0 1 1 0
SYSCR?2 clock EoH Always Warming-up time 00: Reserved 1: D‘riv‘e the
control write “0” 00: Reserved 01: STOP mode pmin
register 2 01: 2%input frequency-. | 10: IDLE1 mode STOP
10: 2"/inputfrequency | 11: IDLE2 mode mode
11: 2"%input frequency
PROTECT — - — — EXTIN — —
R R/W R/W R/W R/W R/W R/W R/W
EMC 0 0 1 0 0 0 1 1
EMCCRO |control E3H | Protection |Always Always Always Always 1:fcis Always Always
register O flag write “0”.~_[write “1”. | write “0”. | wirte “0". external | write “1”. | write “1".
0: OFF clock.
1: ON
EMCCR1 (I:Ec’n?rol EaH Protection ?s turned off by Wr‘iting 1FH.
register 1 Protection is turned on by writing any value other than 1FH.

Note: EMCCRL1

If protection is on, write operations to the following SFRs are not possible.
1. CS/WAIT control
BOCS, B1CS, B2CS, B3CS, BEXCS,

MSARO, MSAR1, MSAR2, MSARS,
MAMRO, MAMR1, MAMR2, and MAMR3

2. Clock gear (Only EMCCR1 can be written to)

SYSCRO, SYSCR1, SYSCR2 and EMCCRO
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(6) 8-bit timer (1/2)
(6-1) TMRAO1
Symbol Name Address 7 6 5 4 3 2 1 0
TAORDE I2TAOL |TAOLPRUN| TAIRUN [ TAORUN
R/W RIW RIW R/W RIW
8-bit 0 0 0 0 0
TAO1RUN(timer 100H | Double IDLE2 8-bit timer run/stop control
RUN buffer 0: Stop 0:-Stop and clear
0: Disable 1: Operate 1 Run.(Count up)
1. Enable
8-hit 102H -
TAOREG |timer (Prohibit W
register 0 | RMW) Undefined
8-bit 103H -
TALREG |timer (Prohibit W
register 1 | RMW) Undefined
TA0IML | TAoiMo | Pwmoi | pwmoo'| TateLki | TaicLko | Taociki | TaocLko
8-bit RIW
timer o | o o | /o o | o oo | o
TAOLMOD|source 104H | 00: 8-bit timer 00: Reserved 00: TAOTRG 00: TAOQIN pin
CLK & 01: 16-bit timer 01: 2° PWMcycle 01: ¢T1 01: ¢T1
MODE 10: 8-bit PPG 10: 2’ 10: $T16 10 ¢T4
11: 8-bit PWM 11: 2° 11: $T256 11: $T16
TALIFFC1 | TAIFFCO | TAIFFIE | TALFFIS
8-bit 105H RN RIW
timer 3 l L 0 0
TALFFCR| . - 00: Invert TALFF 1: TALIFF |0: TMRAO
flip-flop (Prohibit .
control RMW) 01:Set TAL1FF invert 1: TMRAl
10: Clear TALFF enable inversion
11: Don't care
(6-2) TMRA23
Symbol Name Address 7 6 5 4 3 2 1 0
TA2RDE I2TA23  |TA23PRUN| TA3RUN | TA2RUN
RIW RIW RIW RIW RIW
8-bit 0 0 0 0 0
TA23RUN( timer 108H" | pDouble IDLE2 8-bit timer run/stop control
RUN buffer 0: Stop 0: Stop and clear
0: Disable 1: Operate 1: Run (Count up)
1:Enable
8-bit 10AH -
TA2REG | timer (Prohibit W
register 0 |© RMW) Undefined
8-bit 10BH -
TA3REG/| timer (Prohibit W
register 1| RMW) Undefined
TA23M1 | TA23M0 | PWM21 | PWM20 | TA3CLKL | TA3CLKO | TA2CLKL | TA2CLKO
8-bit RIW
timer o] o o | o o | o o | o
TA23MOD)| source 10CH | 00: 8-bit timer 00: Reserved 00: TA2TRG 00: Reserved
CLK & 01: 16-bit timer 01: 2°PWM cycle 01: ¢T1 01: ¢T1
MODE 10: 8-bit PPG 10: 2' 10: $T16 10: ¢T4
11: 8-bit PWM 11: 2° 11: $T256 11: $T16
TA3FFC1 | TA3FFCO | TASFFIE | TA3FFIS
Bbit 10DH RIW RIW
timer L | L 0 0
TA3FFCR flip-flop N 00: Invert TA3FF 1: TA3FF |0: TMRA2
control (Prohibit 01: Set TA3FF invert  |1: TMRA3
RMW) 10: Clear TA3FF enable inversion
11: Don'’t care
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8-bit timer (2/2)
(6-3) TMRA45
Symbol Name Address 7 6 5 3 2 1 0
TA4RDE 12TA45 | TA45PRUN| TA5RUN TA4RUN
R/W R/W R/W R/W R/W
8-bit 0 0 0 0 0
TA45RUN|timer 110H | pouble IDLE2 8-bit timer run/stop control
RUN buffer 0: Stop 0: Stop and clear
0: Disable 1: Operate | 1: Run (Count up)
1: Enable
8-bit 112H -
TA4REG |timer (Prohibit W
register 0 RMW) Undefined
8-bit 113H —
TASREG |timer (Prohibit W
register 1 RMW) Undefined
TA45M1 | TA45M0 PWM41 | PWM40 TA5CLK1 | TAS5CLKO { TA4CLKT | TA4CLKO
8-bit R/W
timer 0 | 0 0 | 0 | 0 0 | 0
TA45MOD|source 114H | 00: 8-bit timer 00: Reserved 00: TAATRG 00: TA4IN pin
CLK & 01: 16-hit timer 01: 2° PWM cycle 01: ¢T1 01:¢T1
MODE 10: 8-hit PPG 10: 27 10: ¢T16 10: ¢T4
11: 8-bit PWM 11: 28 11: $T256 11: ¢T16
TASFFC1 | TASFFCO | TASFFIE | TASFFIS
8-bit 115H RV RIW
timer C | L 0 0
TASFFCR flip-flop (Prohibit 00: Invert TASFF 1: TASFF  [0: Timer4
control RMW) 01: SET TASFF invert 1: Timer5
10:Clear TASFF enable inversion
11: Don't care
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(7) 16-bit timer (1/2)
(7-1) TMRBO
Symbol Name [ Address 7 6 5 4 3 2 1 0
TBORDE — 12TB0O TBOPRUN TBORUN
. R/IW R/W R/W R/W R/W
8-bit 0 0 0 0 0
TBORUN | timer 180H [ pouble Always IDLE2 16-bit timer run/stop control
control buffer write “0”. 0: Stop 0: Stop and clear
0: Disable 1: Operate 1:-Run (Count up)
1: Enable
TBOCT1 TBOET1 TBOCPOI | TBOCPM1 | TBOCPMO| TBOCLE | TBOCLK1 | TBOCLKO
R/W W* RIW
) 0 [ 0 1 0 [ 0 0 0 [ 0
16-Bit TBOFF1 INV TRG 0: Soft Capture timing 1- UCO Source clock
timer 182H | 0. TRG disable _capture | (TBOINO, TBOIN1) clear
TBOMOD | source (Prohibit 1: TRG enable 1: Undefined| 0. pisable enable | 00: TBOINO pin
CLK RMW) Invert when | Invert when oL: T, 1 01:¢T1
& MODE the UC value | the UC value 10: 1,4 10: ¢T4
is captured to| matches the 11: T, ¥ (TALOUT) 11:-¢T16
TBOCP1. value in
TBORGL1.
TBOFF1C1| TBOFF1CO| TBOC1T1 [ TBOCOT1 | TBOEL1T1 | TBOEOT1 TBOFFOC1| TBOFFOCO
W* R/IW W*
1 [ 1 0 [ 0 | 0 0 0 0
] 00: Invert TBOFF1 TBOFFO.invert trigger 00:Invert TBOFFO
16-bit 183H | 01: Set 0: Trigger disable 01: Set
timer ... | 10: Clear 1:Trigger enable 10: Clear
TBOFFCR flip-flop (Promot 11 Don't care Invert when-_| Invert when | Invert when-| Invert-when 11: Don't care
RMW) Always read as “11”". Always read as “11".
control the UC value| the UC value| the UC value| the UC value
is loaded is loaded matches the | matches the
into TBOCPL.| into TBOCPO.| value in value in
TBORGL1. TBORGO.
o 188H —
TBORGOL [*6- P UMer | oy opinit W
register OL | RMW) Undefined
o 189H —
TBORGOH| 6P IMET | oy it W
register OH | RMwW) Undefined
o 18AH —
TBORGIL |[FE P UMer | o oinit W
register 1L | RMW) Undefined
o 18BH —
TBORG1H| 8P IMET | oy it W
register 1H | RMw) Undefined
TBOCPOL | C3P1U® | 1gcH R
register OL Undefined
TBOCPOH | C3Pe 1 18DH R
register OH Undefined
TBOCP1L | CAPWIe | gy R
register 1L Undefined
TBOCP1H| C3PNe | 1gry R
register 1H Undefined
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(8) UART/serial channel
(8-1) UART/SIO Channel 0
Symbol Name Address 7 6 5 4 3 2 1 0
Serial 200H RB7/TB7 | RB6/TB6 | RB5/TB5 | RB4/TB4 RB3/TB3 | RB2/TB2 RB1/TB1 | RBO/TBO
SCOBUF | channel 0 | (Prohibit R (Receiving)/W (Transmission)
buffer RMW) Undefined
RB8 EVEN PE OERR | PERR | FERR | sciks | 1oc
Serial R R/W R (Cleared to 0 by reading.) R/W
SCOCR channel 0 | 201H | Undefined 0 0 0 0 | 0 0 0
control Receiving gagté’d 1: Parity 1: Error 0:SCLKOT [1: Input
data bit8 1 Even enable Overrun Parity Framing 1:SCLKOJ [SCLKO pin
TB8 CTSE RXE WU SM1 SMO SC1 SCO
R/W
Serial 0 0 0 0 0 0 0 | 0
SCOMODO| channel 0 | 202H  [Transmission| 1: CTS 1: Receive |1: Wakeup [ | 00:1/O.interface 00; TAOTRG
mode 0 data bit8 enable enable enable 01: UART 7 bits 01: Baud rate generator
10: UART 8 bits 10:-Internal clock fgys
11: UART 9 bits 11: External clock SCLKOQ
— BROADD | BROCK1 BROCKO BROS3 | BR0S2 BROS1 | BROSO
R/W
Baud rate 0 0 0 0 | 0 0 | 0
BROCR | nirol 203H |Always |1 (16 - K)/16 | 00: ¢TO Set the frequency divisor N.
write “0”". divided 0l ¢T2 OtoF
enable 10:.¢T8
11:¢T32
. BROK3 | BROK2 | BROK1 | BROKO
Serial
R/W
BrOADD | 2" 01 904n oo | o | o | o
K setting
register Baud rate 0 K.
1toF
12S0 FDPX0 STSENO
R/W R/W W
Serial 0 0 1
ScoMoD1| channel o 2054 IDLE2 11O interface| STSO
mode 1 0:/Stop 0: Half 1: Output
1: Operate | duplex 0: Stop
1: Full
duplex
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(8-2) UART/SIO channel 1
Symbol Name Address 7 6 5 4 3 2 1 0
Serial 208H RB7/TB7 | RB6/TB6 | RB5/TB5 | RB4/TB4 | RB3/TB3 | RB2/TB2 RB1/TB1 | RBO/TBO
SC1BUF [channel 1 | (Prohibit R (Receiving)/W (Transmission)
buffer RMW) Undefined
RB8 EVEN PE OERR | PERR | FERR SCLKS | 10C
Serial R R/IW R (cleared to 0 by reading.) R/W
SCICR |[channel1| 209H |Undefined 0 0 o | o | o 0 0
control Receiving ga(r)'té’d 1: Parity 1: Error 0:SCLK1T [1: Input
data bit8 1 Even enable Overrun Parity Framing 1:SCLK1{ [SCLK1 pin
TB8 CTSE RXE WU SM1 SMO SC1 SCO
R/W
Serial 0 0 0 0 0 0 0 | 0
SC1MODO| channel 1 [ 20AH | Transmission| 1: CTS 1: Receive |1: Wakeup | 00: I/O.interface 00: TAOTRG
mode 0 data bit8 enable enable enable [01:UART 7 bits 01:Baud rate generator
10: UART 8 bits 10: Internal clock fsys
11: UART 9 bits 11:External clock SCLK1]
— BR1ADD BR1CK1 BR1CKO BR1S3 | BR1S2 BR1S1 | BR1S0
RIW
Baud rate 0 0 4 0 | g 4 | 0
BRICR control 20BH |Always  |1: (16 - K)/16 | 00: ¢TO Set the frequency divisor N.
write “0”". divided 01: ¢T2 OtoF
enable 10: ¢T8
11:4T32
_ BR1K3 | BR1K2 | BR1K1 | BR1KO
Serial
channel 1 RIW
BR1ADD _ 20CH o | o | o | o
K setting
register Baud rate 0 K.
ltoF
1251 FDPX1 STSEN1
R/W R/W W
Serial 9 0 1
scimMoDi| channel 1| 20DH IDLE2 I/O\interface STS1
mode 1 0: Stop 1: Full 1: Output
1: Operate | duplex 0: Stop
0: Half
duplex
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(9) AD converter
Symbol Name | Address 7 6 5 4 3 2 1 0
EOCF ADBF - - ITMO REPEAT SCAN ADS
AD R R/W R/W R/W R/W R/W R/W
ADMODO |MODE 2BOH 0 0 0 0 0 0 0 0
register 0 1: End 1: Busy Always Always Interrupt in | 1:-*Repeat | 1: Scan 1: Start
write “0". write “0”. repeat
mode.
VREFON 12AD ADTRGE ADCH2 ADCH1 ADCHO
R/W R/W R/W R/W
0 0 0 0 0 0
1: VREF on | IDLE2 1: Enable Input channel
AD 0: Abort for 000: ANO ANO
ADMOD1 (MODE 2B1H 1: Operate external | 001: AN1 ANO — AN1
register 1 start 010: AN2 ANO =5 AN1 = AN2
011: AN3 ANO.—> AN1 — AN2 — AN3
100: AN4-AN4
101: AN5 AN4 > AN5
110:AN6 AN4.— AN5 — AN6
111: AN7 AN4 > AN5 — AN6 — AN7
AD ADM27 ADM26 ADM25 ADM24 ADM23 ADM22 | ADM21 | ADM20
ADMOD2 [MODE 2B2H RAY
register 2 0 | 0 | 0 | L | 0 | 0 | 0 | L
Please write “1E"
AD ADM37 | ADM36 | ADM35 | ADM34 | ADM33 | ADM32 | ADM31 | ADM30
ADMOD3 |MODE 2B3H RAW
register 3 L | L | 0 | 0 | y | L | L | L
Please write “CF”".
AD result ADRO1 | ADRQO JADRORF
ADREGOA4L |register 2A0H R R
0/4 low Undefined 0
AD result ADRO09 | ADRO0O8 ADRO7 ADRO6 ADRO5 ADRO0O4 ADRO3 ADRO02
ADREGO4H|register 2A1H R
0/4 high Undefined
ADREG15L AD.resuIt ADR11 | ADR10 ADRI1RF
register 2A2H R R
1/5 low Undefined 0
AD result ADR19 | ADR18 ADR17 ADR16 ADR15 ADR14 ADR13 ADR12
ADREG15H|register 2A3H R
1/5 high Undefined
AD result ADR21 | ADR20 ADR2RF
ADREG26L [register 2A4H R R
2/6 low Undefined 0
AD result ADR29 | ADR28 ADR27 ADR26 ADR25 ADR24 ADR23 ADR22
ADREG26H|register 2A5H R
2/6 high Undefined
AD result ADR31 | ADR30 ADR3RF
ADREG37L [register 2A6H R R
3/7 low Undefined 0
AD result ADR39 | ADR38 ADR37 ADR36 ADR35 ADR34 ADR33 ADR32
ADREG37H|register 2A7H R
3/7 high Undefined
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(10) Watchdog timer
Symbol Name Address 7 6 5 4 3 2 1 0
WDTE WDTP1 WDTPO 12WDT RESCR -
R/IW RIW RIW R/IW RIW R/IW
WDT 1 1(3 0 0 0 0
WDMOD | MODE 3004 |Y WDT |00 217/fsys IDLE2 RESET Always
register enable (01: 2 /fgys 0: Abort connect write “0”".
10: 2%/sys 1: Operate  |internally
11: 2%ffsys WDT out to
reset pin
301H —
WDT . w
WDCR (Prohibit
control -
RMW)
B1H: WDT disable — 4EH:WDT clear

(11) Multi vector controllor

Symbol Name Address 7 6 5 4 3 2 1 0
Multi VEC7 VEC6 VEC5 VEC4 VEC3 VEC2 VEC1 VECO
ulti
MVECO | vector 00AEH R/W R/W R/W. RIW R/W R/W R/W R/W
1 1 1 1 1 1 1 1
control
Vector address A15 to’/A8
Symbol Name Address 7 6 5 4 3 2 1 0
Multi VEC15 VEC14 VEC13 VEC12 VEC11 VEC10 VEC9 VECS8
ulti
Mveet | vector 00AEH R/W R/W R/W R/W R/W R/W R/W R/W
1 1 1 1 1 1 1 1
control
Vector address A23 to A16

Note: Write MVEC1, MVECO after making an interruption prohibition state.
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6. Port Section Equivalent Circuit Diagrams

¢ Reading the circuit diagrams
The gate symbols used are essentially the same as those used for the standard CMOS logic
IC [74HCXX] series.

The dedicated signal is described below.

STOP: This signal becomes active (1) when the HALT mode setting register is set to STOP
mode (e.g., when SYSCR2<HALTM1:0> = 0, 1) and the CPU executes the HALT
instruction. When the drive enable bit SYSCR2<DRVE> is set to 1, however, STOP
will remains at 0.

¢ The input protection resistances ranges from several tens of ohms to several hundreds of ohms.
B DOto D7, P10to P17, P20 to P27, A0 to Al15, P71, P74, P90, P93'to P96

vCC
Output data—> p-ch
Output enable ﬁ:)r <— Nich

STOP

Input data<—o<]—c<j el

Input enable

B RD, WR, P60 to P63

Vec
Output data
Output
STOP —] >O—‘
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B P53 to P55, P80 to P87, PZ2, PZ3

Vce
Output data
o Vee  programmable
Output enable q ull-up resistor
STOP > 1> S
Input data <—O<]—(__\j W |10

Input enable

m  PA (ANO to AN7)

Analog input
—_—
channel select >0

Analog input < [zlj—o—mlnput

LT

Input data <—o<]—oCTWR

Input enable

® P56 (INTO), P70 (INT1), P72 (INT2), P73-(INT3), P75 (INT4), P90 (INT5)

Vce
Output data
Output enable j}rg:
STOP

Input data <—o<]—->—o<} A DI/O
< Schmitt trigger
B P80 (TXDO)
Vce
Output data T |
Open-drain $ [(i
output enable
*r—
STOP ——
Input data (—0<]—C<L‘ W {] o

Input enable

B NMI

NMI < oé} MWy [Minput

Schmitt trigger

91C829-196

2006-03-15



TOSHIBA TMP91C829

®  AMO to AM1

Input data €«——o<}——w————— ] Input

B RESET

Vcc
O

Reset [-] Input

Schmitt trigger

WDTOUT
Reset enable

B X1 and X2

Oscillator

W [x2

High-frequency
Oscillation enable

i“

O

"__I_:
R —

=

(2]

0

Clock

B VREFH and'VREFL

VREFON —>0 3
P-ch

|—m—| [] VREFH

\N—

¥ String
| resistor

% [ VREFL
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7. Points to Note and Restrictions

(1) Notation

a. The notation for built-in/I/O registers is as follows register symbol <Bit symbol>
(e.g., TAOIRUN<TAORUN> denotes bit TAORUN of register TAOIRUN).

b. Read-modify-write instructions
An instruction in which the CPU reads data from memory and writes the data to the same
memory location in one instruction.
Example 1: SET 3, (TAO1IRUN) ... Set bit 3 of TAOIRUN.
Example 2: INC 1, (100H) ... Increment the data at 100H.
o Examples of read-modify-write instructions on the TLLCS-900

Exchange instruction
EX (mem),R

Arithmetic operations
ADD (mem), R/# ADC (mem), R/#
SUB (mem), R/# SBC (mem), R/#
INC #3, (mem) DEC #3, (mem)

Logic operations

AND (mem), R/# OR (mem); R/#
XOR (mem), R/#

Bit manipulation operations

STCF #3/A, (mem)  RES #3, (mem)
SET #3, (mem) CHG #3, (mem)
TSET #3, (mem)

Rotate and shift operations

RLC (mem) RRC (mem)
RL (mem) RR (mem)
SLA/ (mem) SRA" (mem)
SLL (mem) SRL (mem)
RLD (mem) RRD (mem)

c. fc, frpH, fSYS and one state

The clock frequency input on pins X1 and 2 is called foscH. The clock selected by
DFMCRO<ACT1:0> is called fc.

The clock selected by SYSCR1<SYSCK> is called frpH. The clock frequency give by fFPH
divided by 2 is called fsys.

One cycle of fsys is referred to as one state.
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(2) Points to note

a.

b.

AMO and AM1 pins

Fix these pins to VC(C unless changing voltage.
EMUO and EMU1

Open pins.
Reserved address areas

The TMP91C829 does not have any reserved areas.
HALT mode (IDLE1)

When IDLE1 mode is used (in which oscillator | operation only occurs), set
RTCCR<RTCRUN> to 0 stop the timer for the real time clock before the HALT instructions
1s executed.

Warm-up counter

The warm-up counter operates when STOP mode is released, even if the system is using
an external oscillator. As a result a time equivalent to the warm-up time elapses between
input of the release request and output of the system)clock.

Programmable pull-up resistance

The programmable pull-up resistor can be turned on/off by a program when the ports are
set for use as input ports. When the Pports are set for use as output ports, they cannot be
turned ON/OFF by a program.

The data registers (e.g., P3) are used to turn the pull-up/pull-down resistors on/off.
Consequently read-modify-write instructions are prohibited:

Bus releasing function

Please refer to the note about bus release in Section 3:6“Port Functions”. The pin state is
written when the bus is released.
Watchdog timer

The watchdog timer starts operation immediately after a reset is released. When the
watchdog timer is not to be used, disable it.
Watchdog timer

When the'bus is released, neither internal memory nor internal I/O can be accessed.
However, the internal I/O continues to operate. Hence the watchdog timer continues to run.

Therefore be careful about the bus releasing time and set the detection timer of watchdog
timer.

AD converter

The string resistor between the VREFH and VREFL pins can be cut by a program so as to
reduce power consumption. When STOP mode is used, disable the resistor using the
program before the HALT instruction is executed.

CPU (Micro DMA)

Only the “LDC cr, ¥’ and “LDC r, cr” instructions can be used to access the control
registers in the CPU. (e.g., the transfer source address register (DMASn).)

Undefined SFR
The value of an undefined bit in an SFR is undefined when read.
POP SR instruction

Please execute the POP SR instruction during DI condition.
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n. Releasing the HALT mode by requesting an interruption

Usually, interrupts can release all halts status. However, the interrupts (NMI, INTO to
INT4) which can release the HALT mode may not be able to do so if they are input during
the period CPU is shifting to the HALT mode (for about 5 clocks of fFpH) with IDLE1 or
STOP mode (IDLEZ2 is not applicable to this case). (In this case, an interrupt request is kept
on hold internally.)

If another interrupt is generated after it has shifted to HALT mode completely, halt
status can be released without difficulty. The priority of this interruptis compared with
that of the interrupt kept on hold internally, and the interrupt with higher priority is
handled first followed by the other interrupt.
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8. Package Dimensions

P-LQFP100-1414-0.50F
Unit: mm

3 16.0+0.2
14.0%0.2 !
5 75 51
> AARRAAAAAAAARAAAAAAAARARA _
Qi 76== =50
N
ol o
o
ol o
3E NG
100= =26 |
1.0TYP S
y $10.08 M)
i
Si%
H Eli
e

0.1+005||1.4
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