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Preface

Thank you very much for making use of Toshiba microcomputer LSls.
Before use this LS|, 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.= (INTO
to INT3, INTRTC, INTALMO to INTALM4, INTKEY), which can release the HALT
mode may not be able to do so if they are input.during the period CPW.is/shifting
to the HALT mode (for about 5 clocks of fgpy).with IDLE1 or STOP mode (IDLE2
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 prioerity of this interrupt is
compare with that of the interrupt kept on holdinternally, and the interrupt with
higher priority is handled first followed by the other intefrupt.




TOSHIBA TMP91C025

CMOS 16-Bit Microcontrollers
TMP91C025FG/JTMP91C025-S

1. Outline and Features

TMP91C025 is a high-speed 16-bit microcontroller designed for the control of various mid- to
large-scale equipment.

TMP91C025FG comes in a 100-pin flat package. JTMP91C025-S comesin a’100-pad chip.

Listed below are the features.

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

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

RESTRICTIONS ON PRODUCT USE

070208EBP

e The information contained herein is subject to-change without natice. 021023 _b

o TOSHIBA is continually working to improve ‘the quality and reliability ofsits-products. Nevertheless, semiconductor

devices in general can malfunction orfail due-te” 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’less of human life, bodily/injury er damage to property.
In developing your designs, please’ensure that TOSHIBA products are used within specified operating ranges as
set forth in the most/récent \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

e The TOSHIBA products listed'in this document are intended for usage in general electronics applications (computer,
personal equipment, office equipment, measuring-egquipment, industrial robotics, domestic appliances, etc.). These
TOSHIBA proddcts are neither intended-nor warranted for usage in equipment that requires extraordinarily high
quality and/or reliability”or a malfunctign or failure of which may cause loss of human life or bodily injury
(“Unintended Usage”). Unintended Usage_ include atomic energy control instruments, airplane or spaceship
instriments,\ transportation instruments;. traffic signal instruments, combustion control instruments, medical
instruments;all types of safety devices, et¢. Unintended Usage of TOSHIBA products listed in this document shall
be made-at the customer’s-qwn fisk. 021023 B

e The products described in this doeument 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_Q

e 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 patents or other rights of TOSHIBA or the third
parties. 021023_C

e The products described in this document are subject to foreign exchange and foreign trade control laws. 060925_g

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 TMP91C025

(3) Built-in RAM: None
Built-in ROM: None
(4) External memory expansion
e Expandable up to 104 Mbytes (Shared program/data area)

e (Can simultaneously support 8-/16-bit width external data bus
... Dynamic data bus sizing

e  Separate bus system
(5) 8-bit timers: 4 channels
(6) General-purpose serial interface: 2 channels
e UART/Synchronous mode: 2 channels
e IrDA Ver.1.0 (115.2 kbps) mode selectable: 1 channel

(7) LCD controller
o  Adapt to both shift register type and built-in RAM type LCD driver

(8 Timer for real-time clock (RTC)
e Based on TC8521A

(9) Key-on wakeup (Interrupt key input)
(10) 10-bit AD converter: 4 channels
(11) Touch screen interface
e Available to reduce external ecomponents
(12) Watchdog timer

(13) Melody/alarm generator
e  Melody: Output of clock 4 t0/5461 Hz
e Alarm: Output ¢f'the’8 kinds of alarm{attern
e  Output of the'5 kintds-of interval interrupt;

(14) Chip seleét/wait/controller: 4 channels

(15) MMU
e Expandable up to 104 Mbytes

(16) Interrapts:37/interrupt
e /9-CPU interrupts: Software interrupt instruction and illegal instruction
e \23internal interrupts:~7 prierity levels are selectable

o 5 external interrupts: 7 priority levels are selectable
(among 4 interrupts are selectable edge mode)

(17) Input/output ports: 49 pins (Except Data bus (8bit), Address bus (24bit) and RD pin)

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

(19) Hardware standby function (Power save function)
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(20) Triple-clock controller

e Clock doubler (DFM) circuit is inside

e  Clock gear function: Select a high-frequency clock fc/1 to fc/16
e SLOW mode (fs = 32.768 kHz)

(21) Operating voltage

e Vcc=3.0Vto3.6V (fc max=36MHz)
e Vec=2.7V1t03.6V (fc max=27MHz)
e Vcc=2.4Vto3.6V (fc max =16 MHz)

(22) Package

e 100-pin QFP: P-LQFP100-1414-0.50F, chip form suppl

your local Toshiba sales representative.
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TOSHIBA TMP91C025
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PX/INT2 (PB5) Touch screen
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(Watchdog timer)
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DOFFB (PD4)

(PAO)

(' ): Initial function after reset

Figure 1.1 TMP91C025 Block Diagram
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2. Pin Assignment and Pin Functions

The assignment of input/output pins for the TMP91C025, their names and functions are as
follows:

2.1 Pin Assignment Diagram
Figure 2.1.1 shows the pin assignment of the TMP91C025FG.
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Figure 2.1.1 Pin Assignment Diagram (100-pin QFP)
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TOSHIBA TMP91C025
2.2 PAD Layout
(Chip size 4.58 mm X 4.63 mm) Unit (um)
Pin Name X Y Pin Name X Y Pin Name X Y
No. Point | Point No. Point | Point No. Point | Point
1 VREFL -2151 1627 44 DO 852 -2175 87 RD 210 2175
2 AVSS -2151 1502 45 D1 977 -2175 88 WR 83 2175
3 AVCC -2151 1376 46 D2 1103 -2175 89 Pz2 -42 2175
4 P80 -2151 1251 47 D3 1228 -2175 90 Pz3 -169 2175
5 P81 -2151 1126 48 D4 1353 -2175 91 P56 -296 2175
6 P82 -2151 1001 49 D5 1478 -217% 92 P60 -421 2175
7 P83 -2151 876 50 D6 1603 -2175 93 P61 -548 2175
8 PB5 -2151 751 51 D7 2151 -1636 94 P62 674 2175
9 PB6 -2151 625 52 P10 2151 -1490 g5 P63 -801 2175
10 P90 -2151 336 53 P11 2151 £1359 96 P64 ~926 2175
11 P91 -2151 211 54 P12 2151 1228 97 P63 <1051 2175
12 P92 -2151 86 55 P13 2151 096 98 PD7 —1177 2175
13 P93 -2151 -38 56 P14 2151 =965 99 PB3 ~1302 2175
14 P94 -2151 -163 57 P15 2151 -834 100 VREFH 41606 2175
15 P95 -2151 -289 58 P16 21571 -703
16 P96 -2151 -414 59 P17 2151 -571
17 P97 -2151 -539 60 P2 2151 -440
18 PAO -2151 —664 61 P26 2151 =309
19 PA1 -2151 -789 62 DVSS2 2151 -153
20 PA2 -2151 -914 63 PB4 2151 2
21 PA3 -2151 | -1040 64 DVCC2 2151 158
22 PCO 2151 | -1165 65 P25 2151, 315
23 PC1 2151 | -1290 66 P24 2151 446
24 AMO 2151 | -1415 67 P23 2151 577
25 DVCC1 2151} -1636 68 p22 215% 708
26 X2 -1603 | 2175 69 P21 2151 839
27 DVSS1 1438 |/ 42175 70 P20 2151 971
28 X1 1273 =2175 71 Al5 2151 1102
29 AM1 -1147 | -2175 72 Al4 2151 1233
30 RESET £1022 | -2175 73 A13 2151 1364
31 XT1 ~897 -2175 74 Al12 2151 1495
32 XT2 2649 -2175 75 All 2151 1627
33 EMUQ 1524 -2175 76 A10 1603 2175
34 EMUZ -398 £2175 77 A9 1477 2175
35 pPC2 273 ~2175 78 A8 1350 2175
36 Pc3 -148 -2175 79 A7 1224 2175
37 PC4 -23 -2175 80 AB 1097 2175
38 PC5 101 -2175 81 A5 970 2175
39 PDO 226 -2175 82 A4 844 2175
40 PD1 352 -2175 83 A3 717 2175
41 PD2 477 -2175 84 A2 590 2175
42 PD3 602 -2175 85 Al 464 2175
43 PD4 727 -2175 86 A0 337 2175
91C025-6 2007-02-28
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2.3 Pin Names and Functions

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

Table 2.3.1 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/O port that allows I/O to be selected at the-bit level
(When used to the external 8bit bus)

D8 to D15 /0 Data (upper): Bits 8 tol5 of data bus

P20 to P27 8 Output Port 2: Output port

A16 to A23 Output Address: Bits 16 to 23 of address bus

A8 to A15 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 réading external memory

WR 1 Output Write: Strobe signal for writing-data to pins DO to DY

Pz2 1 1/0 Port Z2: 1/0 port (with(pullcup resistor)

HWR Output High Write: Strobe signalfer writing data to pins D8-to D15

Pz3 1 1/0 Port Z3: 1/0 port/(with pull-up resistor)

RIW Output Read/Writey1 represents read or dummy’cycle;-0.represents write cycle.

SRWR Output Write: Strébe signakfor writing data to pins-B0to D15 for SRAM

P56 1 1/0 Port 56:1/Q_port (with pull-up resistor)

WAIT Input Wait: Pin used to request CPU bus wait

P60 1 Output Part’60:Output port

CSo Output Chip-select 0: Outputs’0/when address is within specified address area.

P61 1 Output Port.61:Output port

Cs1 Output Chip select 1: Outputs 0 when-addfess is within specified address area

P62 1 Output Port 82: Output port

cs2 Output Chip select 2: Outputs.0 when address is within specified address area

CS2A Output Expand chip select:-2A: Qutputs 0 when address is within specified address
area

P63 1 Output Port 63:Output pert

Cs3 Qutput Chip select3y Qutputs 0 when address is within specified address area

P64 1 Qutput Port 64: Qutput port

EA24 Output Chip-select 24: Ottputs 0 when address is within specified address area

Cs2B Output Expand-chip-select: 2B: Outputs 0 when address is within specified address
area

SRLB Output Low-byte enable for SRAM

P65 1 Output Port 65:"Output port

EA25 Output Chip select 25: Outputs 0 when address is within specified address area

csaC Output Expand chip select: 2C: Outputs 0 when address is within specified address
area

SRUB Output High byte enable for SRAM
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Table 2.3.2 Pin Names and Functions (2/3)
Pin Name Num_ber I/O Functions
of Pins
P80 to P81 2 Input Port 80 to 81 port: Pin used to input ports
ANO to AN1 Input Analog input 0 to 1: Pin used to input to AD converter
P82 1 Input Port 82 port: Pin used to input ports
AN2 Input Analog input 2: Pin used to input to AD converter
MX Input X-Minus: Pin connected to X- for touch screen panel
P83 1 Input Port 83 port: Pin used to input ports
AN3 Input Analog input 3: Pin used to input to AD cenverter
ADTRG Input AD trigger: Signal used to request AD start
MY Input Y-Minus: Pin connected to Y- fortouch scréen-panel
P90 to P97 8 Input Port: 90 to 97 port: Pin used to inputports
KIO to KI7 Input Key input 0 to 7: Pin used of key-on.wakeup’0 to 7
(Schmitt input, with pull-up resistar)

PAO 1 Qutput Port: AO port: Pin used to eutput ports
KOO Qutput Key output 0: Pin used of key-scan strobe 0
ALARM Output RTC alarm output pin
MLDALM Output Melody/alarm output \pin’ (Inverted)
PAl 1 Output Port: Al port: Pin used to-output ports
KO1 Output Key output 1: Pin used.of-key-scan strobe 1
TAL1OUT Output 8-bit timer 1(oGtput>Timer O input or timef 1 output
PA2 1 Output Port: A2 port: Pin used to output ports
KO2 Output Key output 2; Pin.used of key-scan Strobe/2
TA30OUT Output 8-bittimer 3 output: Timer 2 input or timeér 3)output
PA3 1 Output Pofti{ A3 port:.Pin used to output perts
KO3 Output Key-eutput 3: Pin used af key-scanstrobe 3
SCOUT Output System clock output: Outputfepy clock
PB3 1 I/0 Port B3: I/O port
INTO Input tnterrupt request pinQ; Interrupt request with programmable level/rising edge
PS Input Rower save: Pin used as input pin for H/W standby mode
PB4 1 110 Port B4: 1/0 port
INT1 Input Interrupt requést-pind:nterrupt request with programmable rising/falling edge
TAOIN input 8-bit timer O-input: Timer 0 input
PB5 s Input Port B5: Input port
INT2 Input Interrupt request-pin2: Interrupt request with programmable rising/falling edge
PX Qutput X-Plus:Pin.connected to X+ for touch screen panel
PB6 1 Input Rort-B6:-Input/port
INT3 Input Interrupt request pin3: Interrupt request with programmable rising/falling edge
PY Qutput Y-Plus;.Pin connected to Y+ for touch screen panel
PCO 1 110 Port CO: I/O port
TXDO Output Serial 0 send data: Open-drain output pin by programmable
PC1 1 110 Port C1: I/O port
RXDO Qutput Serial 0 receive data

Noter_Afterreset, input “12 o/ PB3-(INTO, PS)-pin, because it is worked as PS input pin.

91C025-8
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Table 2.3.3 Pin Names and Functions. (3/3)

Pin Name Num_ber I/0 Functions
of Pins
PC2 1 1/0 Port C2: I/O port (with pull-up resistor)
SCLKO I{e] Serial clock /0 0
CTS0 Input Serial data send enable 0 (Clear to send)
PC3 1 110 Port C3: I/O port
TXD1 Output Serial send data 1
Open-drain output pin by programmable
PC4 1 110 Port C4: 1/O port
RXD1 Input Serial receive data 1
PC5 1 1/0 Port C5: I/O port (with pull-up resistor)
SCLK1 /10 Serial clock I/0 1
CTSi Input Serial data send enable 1 (Clear to send)
XT1 1 Input Low-frequency oscillator connecting-pin
XT2 1 Output Low-frequency oscillator,connecting-pin
PDO 1 Output Port DO: Output port
D1BSCP Output LCD controller output-pin
PD1 1 Output Port D1: Output port
D2BLP Qutput LCD controller,output pin
PD2 1 Output Port D2: Output port
D3BFR Qutput LCD controller output pin
PD3 1 Output Port D3: Output port
DLEBCD Output LCD (controller output pin
PD4 1 Output Port D4 Output port
DOFFB Qutput FCD controller output pin
PD7 1 Output Port.DY: Output port
MLDALM Output Melody/alarm output pin
AMO to AM1 2 Input Operation mode:
Fixed to AM1 = 0, AMO = 1 16-bit external bus or 8-/16-bit dynamic sizing.
Fixed to AM1 = 0, AMQ = 0 8-hit external bus fixed.
EMUO 1 Output Open pin
EMU1 1 Output Open pin
RESET 1 Ifput Reset: initializes TMP91C025. (with pull-up resistor)
VREFH 1 Input Pin for referenceé voltage input to AD converter (H)
VREFL 1 Input Pin for refereneevoltage input to AD converter (L)
AVCC 1 Powersupply pin for AD converter
AVSS 1 GND pin-fer/AD converter (0 V)
X1, X2 2 1/0 High=frequency oscillator connection pins
DvCC 2 Powersupply pins
(All VCC pins should be connected with the power supply pin.)
DVSS 2 GND pins (0 V) (All pins should be connected with GND (0 V).)
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3. Operation

This following describes block by block the functions and operation of the TMP91C025.
Notes and restrictions for eatch book are outlined in 6, precautions and restrictions at the end of

this manual.

3.1 CPU

The TMP91C025 incorporates a high-performance 16-bit CPU (the 900/L1-CPU). For CPU
operation, see the TLCS-900/L1 CPU.

The following describe the unique function of the CPU used-in-the TMP91C025; these
functions are not covered in the TLCS-900/L1 CPU section.

3.1.1

Reset

When resetting the TMP91C025 microcontroller, ensure that the power supply voltage is

within the operating voltage range, and that thé internal high-frequency-oscillator has
stabilized. Then hold the RESET input to low lével at least for 10 system clocks (9 us at

36 MHz).
Thus, when turn on the switch, be set to the power jsupply veltage is within the operating

voltage range, and that the internal high frequency oscillator hasstabilizéd. /Then hold the
RESET input to low level at least for 10-system ¢locks.

Clock gear is initialized 1/16 modé by reset operation. It\méans jthat the system clock
mode fSyS is set to fe/32(= fe/16 x 1/2):

When the reset is accept, the CPU:

Sets as follows the program counter (PC)in aceordance with the reset vector stored
at address FFFFOOH to-FFFFO02H:

PC<0:7> « Value at FFFFOOH address

PC<15:8> 4~“Value at FFFFO1H address

PC<23:16> '« Value at FFFF02H-address

Sets the/stack pointer (XSP) toT00H.

Sets-bits <IFF2:0> of the status register (SR) to 111 (Sets the interrupt level mask
fegistertolevel 7).

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

Note:"Agrthis product-doesnet-support MIN mode, do not write a 0 to the <MAX>

Clears bits <RFP2:0> of the status register(SR) to 000 (Sets the register bank to
0)/

When reset is released,the CPU starts executing instructions in accordance with the

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

when the'réset!is released.

When the' reset is 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) do not change by resetting.

Figure 3.1.1 is a reset timing chart of the TMP91C025.
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3.2 Memory Map
Figure 3.2.1 is a memory map of the TMP91C025.

000000H
Internal 1/0 Direct area (n)
(4 Kbytes)
000100H |======--==--=--=-=---—1
000FEQH [--=--=--=-=-=-=-=-=----~- 4 (Note)
001000H 64-Kbyte area
(nn)
010000H |-------=-=---=-=--=-=-=---1
External memory. 16-Mbyte area
(R)
(-R)
(R+)
(R + R8/16)
(R + d8/16)
(nnn)
FFFFQOH f-----=--------===->21
Vector table (256 bytes)
FFFFFFH

( |:| = Internal area)

Figure 3.2.1 Memory Map

Note: ~Address 000FEOH te O00FEFH is assigned for the external memory area of built-in RAM type
LCD driver.
Address 000FFOH to O00FFFH is assingned for the external memory area as reserved.
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3.3 Triple Clock Function and Standby Function

TMP91C025 contains a clock gear, clock doubler (DFM), standby controller and
noise-reduction circuit. It is used for low-power and low-noise systems.

This chapter is organized as follows:
3.3.1 Block Diagram of System Clock
3.3.2 SFRs
3.3.3 System Clock Controller
3.3.4 Prescaler Clock Controller
3.3.5 Clock Doubler (DFM)

3.3.6 Noise reducing Circuit
3.3.7 Standby Controller
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The clock operating modes are as follows: (a) Single clock mode (X1, X2 pins only), (b) Dual
clock mode (X1, X2, XT1 and XT2 pins) and (c) Triple clock mode (the X1, X2, XT1 and XT2 pins
and DFM).

Figure 3.3.1 shows a transition figure.

Reset
(fosch/32)
i Release reset
IDLE2 mode % l _—
nstruction
(IO operate) % NORMAL mode Tr—— STOP mode
IDLEL mode Instruction (fosch/Gear value/2) nlerup (Stops all circuits)
i interrupt_—>;
(Operate only oscillator)

(a) Single clock mode transition figure

Reset
(fosch/32)
IDLE2 mode % | Release reset
(/O operate) %} NORMAL mode S ruction
IDLE1 mode ::tset?rj: on (fosch/Gear value/2)
(Operate only oscillator) ~ |_Mtermupl —
Interrupt STOP mode
IDLE2 mode ‘% (Stops all circuits)
(/O operate) Interrupt SLOW fmaode
IDLEL mode Instruction (f812)
(Operate only oscillator) __'ft_eﬂﬂm/

(b) Dual clock mode trapsition figure

Reset
(fosch/32)

IDLE2 mode % l Release reset

(10 operate) % NORMAL mode

IDLEL mode ::tset:flj o (foscr/Gear value/2)
(Operate only oscillator) _________EI———"'” R

Instruction STOP mode Instruction
(Stops @all cireuits)

(Note)

. Interrupt
IDLE2 mode “w‘tjon e
IntertupY]  NORMALmode

'w IDLEZ mode
Instruction SLOW mode |Jnterrupt (/O operate)

(I/O operate)
IDLE1 mode fstuctior| (4 * fosch/gear (Note) (fs/2) structiol IDLE1 mode
(Operate oscillator-and DFM)___»| value/2) (Operate only oscillator)

Interrup

Interrupt Using,DFM

(c) Triple clock mode trasision figure

Note 1. It's prehibited to control DFM-in.SLOW/mode when shifting from SLOW mode to NORMAL mode with use of DFM.
(DFM start up/stop/change write'to DFMCRO<ACT1:0> register)
Note 2:1fyouyshift from NORMAL \mode-with use of DFM to NORMAL mode, the instruction should be separated into two
procedures as below. Change CPU clock — Stop DFM circuit
Note 3:lt's prohibited to shift from NORMAL mode with use of DFM to STOP mode directly. You should set NORMAL mode
once, and then shift to STOP-mode.(You should stop high frequency oscillator after you stop DFM.)

Figure 3.3.1 System Clock Block Diagram

The clock frequency input from the X1 and X2 pins is called fc and the clock frequency input
from the XT1 and XT2 pins is called fs. The clock frequency selected by SYSCR1<SYSCK> is
called the system clock fFpPH. The system clock fSys is defined as the divided clock of fFPH, and

one cycle of fSys is defined to as one state.
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3.3.1

Block Diagram of System Clock

SYSCRO<WUEF>
SYSCR2<WUPTM1:0>
DFMCRO<ACT1:0, DLUPTM>

y

SYSCRO
<XTEN, RXTEN>

|

XTlD—Low-frequency

Warm-up timer (High/low frequency
oscillator), Lock up timer (DFM)

—>|

fs

SYSCRO
<PRCK1:0>

XT2|:|_osciIIat0r fe fsys
fcl2
form=foscH x 4 c/d
SYSCRO fci8 SYSCR1<SYSCKS
<XEN, RXEN> fc/16
o Clock Doubler
- DFM
X1 [High-frequency oA 2 | . | <8 |+16| SYTSCR1<GEAR2:O>
X2 D_osmllator fOSCH Clock gear
DFMCRO<ACT1:0>
fsys CPRU
TMRAO to TMRA3
| Interrupt
6TO l Prescaler controller
[ ADC
SI00t0-SI01
WDT
I Prescaler B
I/O ports
[
C/S WAIT
)9 controller
RTC
fs
LCDC
MLD/ALM
e
Figure 3.3.2 Block Diagram of System Clock
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3.3.2 SFRs
7 6 5 4 3 2 1 0
S;)(OSC;)RO Bit symbol XEN XTEN RXEN RXTEN RSYSCK WUEF PRCK1 PRCKO
(00EQH) Read/Write R/W
After reset 1 1 1 0 0 0 0 | 0
Function High- Low- High- Low- Selects Warm-up Select prescaler clock
frequency | frequency | frequency | frequency | clock after | timer 00: fEpH
oscillator (fc) [ oscillator (fs)| oscillator (fc)| oscillator (fs)| release of 0: Write 0I:=ReServed
0: Stop 0: Stop after release | after release | STOP mode Don'tcare/ 10: fc/16
1: Oscillation| 1: Oscillation| of STOP of STOP 0: fc 1: Write 11: Reserved
(Note 1) [ mode mode 1:fs start timer
0: Stop 0: Stop 0: Read
1: Oscillation| 1: Oscillation end
warm-up
I:Read
do not end
warm-up
7 6 5 4 3 2 1 0
SYSCRL | it symbol sysck | GEAR2 |“GEAR1'‘}/GEARO
(00E1H) Read/Write RIW
After reset 0 1 | 0 | 0
Function Select Seleet gear value of high-frequency (fc)
system 000/ e
clock 001 fcr2
0: fc 010: fc/4
Infs 011} fc/8
100: fc/16
101: (Reserved)
110: (Reserved)
111: (Reserved)
7 6 5 4 3 2 1 0
SYSCR2 | it symbol | PSENV. WUPTM1 | WUPTMO |~HALTM1 | HALTMO | SELDRV | DRVE
(00E2H) Read/Write R/W RIW RMW R/W R/W R/W R/W
After reset 0 T 0 1 1 0 0
Function 0: Power Warm-up timer HALT mode <DRVE> Pin state
save 00: Reserved 00: Reserved mode control in
mode 01: 28/inputted frequency | 01: STOP mode select STOP/IDLE]
enable 10: 2* 10: IDLE1 mode 0: IDLE1 mode
1: Disable 11: 2% 11: IDLE2 mode 1: STOP 0: /O off
(Note 2) (Note 3) [ 1: Remains
the state
before
halt
Note 1: By reset, low-frequency oscillator is enabled.

Note 2: When hard ware standby mode is entered, the meaning of SYSCR2<HALTM1:0> = 11 shows IDLE1 mode.

Note 3:

others.

Figure 3.3.3 SFRs for System Clock

“0" means IDLE1 and “1” means STOP. Please be carefull because this setting is sometimes different from

91C025-16
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Symbol| Name |Address 7 6 5 4 3 2 1 0
ACT1 ACTO DLUPFG DLUPTM
R/W R/W R R/W
0 0 0 0
DFM loct f
DFM LUP select
DFMCRO | control E8H EPH) Lockup | Lock up
register 0 00 |STOP STOP foscH status Flag Tlm?2
01 |RUN RUN foscH |O:End 0: 2"/foscH
10 [RUN STOP fpem 1:Notend | 1:2"%foscH
11 |RUN STOP foscH
D7 D6 D5 D4 D3 B2 D1 DO
DEM R/W R/W R/W R/W R/W RIW R/W R/W
DFMCR1
control E9H 0 0 0 1 0 0 1 L
. DFM revision
register 1
Input frequency 4 to 9 MHz (at 3-0.V te.3:6"V)! write 0BH
Input frequency 4 to 6.75 MHZ (at 2.7 \.to 3.6 V): write OBH

Figure 3.3.4 SFRs for DFM

Limitation point on the use of DFM

1.It’s prohibited to execute DFM enable/disable control in the SLOW mode(fs)
(write to DFMCRO<ACT1:0> = “10”). You-shouldcontrol DFM in-the NORMAL mode.

2.1f you stop DFM operation during using- DFM(DFMCRO<AXCT1:0> =“10"), you shouldn’t

execute that change the clock fpFM to foscH and/stop thesDFM at the same time. Therefore

the above execution should be separated into twoe procedures as showing below.
LD (DFMCRO0), COH ;._Change the clock fpgm to foscH
LD (DFMCROY, 00H : “\DFM stop

3.1If you stop high-frequency oscillator during-using DFM (DFMCRO<ACT1:0> = “10”), you
should stop DFM before youstop high-frequency oseillator.

Please refer to 3.3.5 C€lock’Doubler (DFNM) forthe Details.
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7 6 5 4 3 2 1 0
EMCCRO | Bit symbol |PROTECT | TASLCDE | AHOLD | TA3MLDE - EXTIN | DRVOSCH | DRVOSCL
(00E3H) | Readiwrite R RIW RIW RIW RIW RIW RIW RIW
After reset 0 0 0 0 0 0 1 1
Function Protect flag LCDC source | Address hold | Melody/alarm | Always 1: External fc oscillator fs oscillator
0: Off CLK 0: Disable source clock [ write 0. clock driver ability driver ability
1:0n 0: 32 kHz 1: Enable 0: 32 kHz I+ Normal 1: Normal
1: TA3OUT (Note) | 1: TA3OUT 0: Weak 0: Weak
EMCCR1 | it symbol
(00E4H) Read/Write
After reset o . .
Eunction Switching the protect ON/OFF by write to foll.owmg 1st-KEY, ?nd-KEY
1st-KEY: EMCCRL1 = 5AH, EMCCR2 = A5H in succession write
EMCCR2 | Bitsymbol |, KEY: EMCCR1 = ASH, EMCCR2 = 5AH in succession write
(0OESH) Read/Write
After reset
Function
EMCCR3 | Bit symbol ENFROM | ENDROM | ENPROM FFLAG DFLAG RFLAG
(O0E6H) [ Read/wvrite RIW RIW RIW RIW RIW RIW
After reset 0 0 0 0 0 0
Function CS1A area CS2B-2C CS2A area CS1A write CS2B-2C write}'CS2A write
detect control | area detect detect control operation flag {operation operation
0: Disable control 0: Disable flag flag
1: Enable 0: Disable 1. Enable Whenteading When writing
1: Enable 0; Notvritten 0: Clear flag
1: Written

Notel: When getting access to the logic address.000000H to/000FDFH, AQ to A23 holds the previous address of

external access.
Note2: In case restarting the oscillator.in-the’stop oscillation state (e.g--Restart the oscillator in STOP mode), set

EMCCRO<DRVOSCH>, £DRVYOSCL>="1".
Figure-3:3/5 SFRs for Naise'Reduction

91C025-18
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3.3.3  System Clock Controller

The system clock controller generates the system clock signal (fsys) for the CPU core and
internal I/0. It contains two oscillation circuits and a clock gear circuit for high-frequency
(fc) operation. The register SYSCR1<SYSCK> changes the system clock to either fc or fs,
SYSCRO<XEN> and SYSCRO<XTEN> control enabling and disabling of each oscillator,
and SYSCR1<GEAROQ:2> sets the high-frequency clock gear to either 1, 2, 4, 8 or 16 (fc, fc/2,
fc/4, fc/8 or fc/16). These functions can reduce the power consumption of the equipment in
which the device is installed.

The combination of settings <XEN> = 1, <XTEN> = 0, <SYSCK>=-0 and <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 1.1 MHz when the 36 MHz oscillator is connected to the X1
and X2 pins.

(1) Switching from NORMAL mode to SLOW mode

When the resonator is connected to the’X1, and X2 pins, or tothe XTI and XT2 pins,
the warm-up timer can be used to change )the operation \frequency after stable
oscillation has been attained.

The warm-up time can be selected using-SYSCR2<WUPTMO:13;

This warm-up timer can be prggrammed to start and stop.as shown in the following
examples 1 and 2.

Table 3.3.1 shows the warm-up time.

Note 1: When using an oscillator (other/than a/resonater)\with stable oscillation, a warm-up
timer is not needed,

Note 2: The warm-up timer\ijs.operated by an oscillation/clock. Hence, there may be some
variation in warm=up time.

Table-3.3,1 Warm-up Times

Waén\;-sugF;I;me Change to Change to

<WUPTM1:65 NORMALE Mode SLOW Mode at fosch = 36 MHz
01 (2%frequency) 7.1 (pis) 7.8 (ms) fs = 32.768 kHz
10 (2"ffrequency) 0.455~(ms) 500 (ms)

11 (216/frequency) 1.820 (ms) 2000 (ms)
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(Example 1: Setting the clock)
Changing from high-frequency (fc) to low-frequency (fs).

SYSCRO
SYSCR1
SYSCR2

WUP:

EQU
EQU
EQU
LD
SET
SET
BIT
JR
SET
RES

x: Don’t care

00EOH

00E1H

00E2H

(SYSCR2), - X11----B : Sets warmtup time to 2*%/fs.

6, (SYSCRO) Enables low-frequency oscillation.

2, (SYSCRO) Clears and starts warm-up timer.

2, (SYSCRO) : } _ _
Detects stopping of warm-up timer.

NZ, WUP ;

3, (SYSCR1) Changes fgys\from fc to fs.

7, (SYSCRO) ;  Disables.high-frequency oscillation.

-: No change
/L

<XEN> \
|
X1, X2 pins :
1
<XTEN> / // E
. 1 T

XT1, XT2 pins s . \VAVAVAVAVAVA /AVAVAVAVAVAVAVAVAV,
1 1
1 1
Warm-up timer Counts up by fsys \ / Counts up by fs\\ '
End of warm-up timer i ‘: / E
<SYSCK> : L g (( e ;
A\ T :

System clock fsys \ANANNNANANNNANANXNN N7 NS N T\
E i » E
¥ v v v

Enables Clears and-starts \Chages fgys Disables
tow-frequency warm-up timer (fromfctofs  high-frequency
1
v

End of warm-up timer
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(Example 2: Setting the clock)
Changing from low-frequency (fs) to high-frequency (fc).

SYSCRO EQU OOEOH
SYSCR1 EQU O0OE1H
SYSCR2 EQU 00E2H

LD (SYSCR2), -X10----B : Sets warmtup time to 2*/fc.

SET 7, (SYSCRO) ;  Enables high-frequency oscillation.

SET 2, (SYSCRO) ;  Clears and starts warm-up timer.
WUP: BIT 2, (SYSCRO) ; } . .

Detects stopping of warm-up timer.

JR NZ, WUP ;

RES 3, (SYSCR1) ; ,/~Changes fs{sfrom fs to fc.

RES 6, (SYSCRO) ;  Disables.Jow-frequency oscillation.
x: Don’t care
-: No change

L

<XEN> /

1
X1, X2 pins

<XTEN>

¥§'

XT1, XT2 pins \VAVAVAVAVAVAVAVAVAV/ AVAVAVAY,

Warm-up timer Counts up by fsys \ / Counts up by \\fOSCH

End of warm-up timer | ,

/i
<SYSCK> : fs “ NN

S LS AR W/ Y S\ WAL WA\ V7 WVAVAVAVAVAVAVAVAY,

—h
418 ----}-F+

: oo
\4 A2 | A2
Enables Clears and starts EChages fSYS:E
high-frequeney  warm-up timer ifrom fs to fc,

v \
End of warm-up  Disables
timer low-frequency
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(2) Clock gear controller
When the high-frequency clock fc is selected by setting SYSCR1<SYSCK> = 0, fFPH
1s set according to the contents of the clock gear select register SYSCR1<GEARZ2:0> 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 3)
Changing to a high-frequency gear

SYSCR1 EQU 00E1H
LD (SYSCR1), XXXX0000B ; “Changes fsys/to fc/2.

X: Don't care

(High-speed clock gear changing)

To change the clock gear, write the register value to the SYSCRI<GEARZ2:0>
register.It is necessary the warm-up time-until ehanging after writing the register
value.

There is the possibility that the instruction next to the. clock/gear changing
instruction is executed by the clock-gear before changing.To-execute the instruction
next to the clock gear switching instruction by the clock'gear after changing,input the
dummy instruction as follows/Instruetion to execute the write cycle).

(Example)
SYSCR1 EQU 00E1H
LD (SYSCRI), XXXX0001B . Changes fgys to fc/4.
LD (DUMMY),/00H ; “.Dummy instruction

| Instruction to be executed after clock gear has changed |

(3) Internal clockoutputpin

An anternal ‘clock fFPH can be output te-the PA3/SCOUT pin. By setting “1” to the
PAFC2<PA3F2> register,the PA3/pin\functions as the SCOUT pin.
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3.34 Prescaler Clock Controller

For the internal I/0O (TMRAO1 to TMRA23, SIOO0 to SIO1) there is a prescaler which can
divide the clock.

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
1s input.

3.3.5 Clock Doubler (DFM)

DFM outputs the fDFM clock signal, which is four times asfast as-fOSCH. It can use the
low-frequency oscillator, even though the internal clack is high/frequency .

A reset initializes DFM to stop status, setting to DFMCRO"register is needed before use.

Like an oscillator, this circuit requires time to stabilize. This)is called the lock up time.

The following example shows how DFM is used.

DFMCRO EQU OOE8H
DFMCR1 EQU O00E9H

LD (DFMCR1), 00001011B DFM parameter setting.
LD (DFMCRO), 01X0XXXXB ./ Set lock up time.to 2'2/&/MHz.
Enables DEM operation‘and’starts lock up.
LUP: BIT 5 (DFMCRO) " & Detects end of fock up.
JR Nz, LUP ;
LD (DFMCRO), LOXOXXXXB ; Changesfc from4 MHz to 16 MHz.
(Changes fgys from 2 MHz to 8 MHz.)
X: Don't care
/L
<ACT1:0> X 01 [l X 10
1 ]
1
DFM output: for .VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV
1 ]
Lock up timer :/ Colnts up by foscH /) j
| / |
<DLUPFG> /: During-lock up k< :'\ E After lock up

GV R N /A /A W/ \WVAA\\V/BNHVAVAVAVAVAVAVAVAY
Starts I;FM operation: C;anges from 4 MHz to 16 MHz.
Starts lock-up:

€-=-=-

Ends of lock up.

Note: Input frequency limitation and-cerrection for DFM
Recommend to use Inputfrequency (High-speed oscillation) for DFM in the following condition.

o fogcH =4 to 9 MHz(Vec = 3.0 to 3.6 V): Write OBH to DFMCR1
s foscH =410 6.75MHz (Vcc = 2.7 to 3.6 V): Write OBH to DFMCR1
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Limitation point on the use of DFM

1.It’s prohibited to execute DFM enable/disable control in the SLOW mode (fs)
(write to DFMCRO<ACT1:0> = “10”). You should control DFM in the NORMAL mode.

2.1f you stop DFM operation during using DFM (DFMCRO<ACT1:0> = “10”), you shouldn’t
execute the commands that change the clock fDFM to foscH and stop the DFM at the same

time. Therefore the above executions should be separated into twe procedures as showing

below.

LD
LD

(DFMCRO), COH
(DFMCRO), 00H

Change the-clock-fpg to foscH-
DFM stop.

3.If you stop high-frequency oscillator during using DFMDEMCR0<ACT1:0> = “10”), you
should stop DFM before you stop high-frequency oscillator.

Examples of settings are below.

(1) Start up/change control

(OK) Low-frequency oscillator operation mode(fs) (High-frequency oscilldtery STOP) —

High-frequency oscillator start up — High-frequency oscillator eperation/mode (foscr) —
DFM start up — DFM use mode (fprM)

LD

WUP: BIT
JR
LD
LD
LUP: BIT
JR
LD

(SYSCRO), 11==< 1>-B

2, (SYSGRO)

NZ, WUR

(SYSCR1), “=50--- B
(DFNICRO), 01-0--- - B
5, (DFMCRO)

NZ, LUP

(DFMCRO0), 10-0 - - - B

High-freguency -oscillator start up/warm-up
start|

} Check-for-the flag of warm-up end.

Change the system clock fs to foscH-
DEM/start up/lock up start.

j Check for the flag of lock up end.

Change the system clock foscH to fpgm-

(OK) Low:frequenecy/oscillator operation-mode (fs) (High-frequency oscillator operate) —

High-freqtiency) oscillator operation modé (foscH) — DFM start up — DFM use mode

(form)
LD
LD
LUP: BIT
JR
LD

(SYSCR1);—-==0~: - B
(DFMCRO), 01-0----B
5, (DFMCRO)

NZ, LUP

(DFMCRO0), 10-0----B

Change the system clock fs to foscH-
DFM start up/lock up start.

j Check for the flag of lock up end.

Change the system clock foscH to fpgm-

(Error)/ Low-frequeney-oseillator operation mode (fs) (High-frequency oscillator STOP)

—High-frequéncy, oseillator start up — DFM start up — DFM use mode (fDFM)

LD

WUP: BIT
JR
LD
LUP: BIT
JR
LD
LD

(SYSCRO0),11---1--B

2, (SYSCRO)

NZ, WUP

(DFMCRO), 01-0- - - - B
5, (DFMCRO)

NZ, LUP

(DFMCRO0), 10-0--- - B
(SYSCR1), ----0---B

High-frequency oscillator starts up/warm-up
start.

j Check for the flag of warm-up end.

DFM start up/lock up start.

j Check for the flag of lock up end.

Change the internal clock foscH to fpem-
Change the system clock fs to fpgm.
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(2) Change/stop control

(OK) DFM use mode (fpFm) — High-frequency oscillator operation mode (foscH) — DFM
stop — Low-frequency oscillator operation mode (fs) - High-frequency oscillator stop

LD (DFMCRO), 11 - - - - - - B ;  Change the system clock fpgm to foscH-
LD (DFMCRO0),00 - - - - - - B ; DFM stop.

LD (SYSCR1),----1---B ;  Change the system clock foscH to fs.
LD (SYSCR0),0------- B ; High-frequency oscillator stop.

(Error) DFM use mode (fDrMm) — Low-frequency oscillator operation mode (fs) - DFM stop
— High-frequency oscillator stop

LD (SYSCR1),----1---B ;  Changethe system clock fpgm to fs.

LD (DFMCRO), 11 --- - - - B ;  Change the/internal clock (fc) fppm to fosch-
LD (DFMCRO0), 00 - - - - - - B ;~—DFM.stop!

LD (SYSCR0),0------- B ;| High-frequency oscillator/stop.

(OK) DFM use mode (fDFM) — Set the STOR mdde
— High-frequency oscillator operation mode”’ AfoscH) “—~ DEM/ stop — HALT
(High-frequency oscillator stop)

LD (SYSCR2), - ---01~=B ;. Set the STOP. mode.
(This command /can execute before use of
DFM)

LD (DFMCRO0),11 - - -~ B ;  Change/the system clock fpgm to foscH-

LD (DFMCRO); 00~~~ - - B ;. DFEM-stop.

HALT ; Shiftto STOP mode.

(Error) DFM use mode (fDFM) —5/Set the STOP mode =¥ HALT (High-frequency oscillator
stop)

LD (SYSCR2),----01--B ; Setthe STOP mode.
(This command can execute before use of
DFM.)

HALT ; Shift to STOP mode.
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3.3.6 Noise Reduction Circuits

Noise reduction circuits are built in, allowing implementation of the following features.
(1) Reduced drivability for high-frequency oscillator
(2) Reduced drivability for low-frequency oscillator
(3) Single drive for high-frequency oscillator
(4) SFR protection of register contents
(5) ROM protection of register contents

The above functions are performed by making the.appropriate settings in the EMCCRO
to EMCCR3 registers.

(1) Reduced drivability for high-frequency oscillator

(Purpose)
Reduces noise and power for oscillator when a resonator is fised.

(Block diagram)

| tDO—I>°—> fosch

X1 pin
Cl|| P

Enable osgitlation (STOP + EMCCRO < EXTIN > )

Resonator

—L ]
I_T_I T EMCCRO<BRVOSCH>
e L

Cc2
7

X2|pin

(Setting method)
The drivability of the oscillatérisreduced by writing 0 to EMCCRO<DRVOSCH>
register. \By_réegset, <DRVOSCH> isinitialized to 1 and the oscillator starts
oscillation by normalzdrivability when the power-supply is on.
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(2) Reduced drivability for low-frequency oscillator

(Purpose)
Reduces noise and power for oscillator when a resonator is used.

(Block diagram)

I
XT1 pin

c1 Enable oscillation

Resonator EMCCRO<DRVOSCL>

C2

XT2 pin
I

(Setting method)
The drivability of the oscillatory /is “reduced by writing 0

EMCCRO<DRVOSCL> register. By reset, SODRVOSCL> is mitialized\to 1.

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

to

the

Not need twin-drive and protect mistake operation by inputted noise to X2 pin

when the external-oscillator.is uséd.

(Block diagram)

foscH

Enable oscillation ( STOP + EMCCRO < EXTIN > )

EMCCRO<DRVOSCH>

X2 pin

(Setting method)

Thé “oscillator\1s disabled and starts operation as buffer by writing 1 to

EMCCRO<EXTINZ= register. X2-pin is always outputted 1.
By reset; <EXTIN> is initialized to O.

Note: Do not write EMCCRO<EXTIN> = “1" when using external resonator.
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(4) Runaway provision with SFR protection register

(Purpose)
Provision in runaway of program by noise mixing.

Write operation to specified SFR is prohibited so that provision program in
runaway prevents that it is it in the state which is fetch impossibility by stopping
of clock, memory control register (CS/WAIT controller, MMU) is changed.

And error handling in runaway becomes easy by INTPO interruption.

Specified SFR list

1. CS/WAIT controller
BOCS, B1CS, B2CS, B3CS, BEXCS,
MSARO, MSAR1, MSAR2, MSARS;
MAMRO, MAMR1, MAMR2, MAMRS3
2. MMU
LOCALO0/1/2/3
3. Clock gear
SYSCRO, SYSCR1, SYSCR2, EMCCR0, EMCCR3
4. DFM
DFMCRO, DFMCR1

(Operation explanatiomn)
Execute and reléase of protection (write operation to specified SFR) becomes
possible by setting upa’double key to EMCCRY and EMCCR2 register.
(Double kefy)
1st-KEY: Succession writes in 5AH at EMCCR1 and A5H at EMCCR2
2ndfKEY: Succession writés1nm-A5SH at EMCCR1 and 5AH at EMCCR2

A state-ef protection can be‘¢onfirmed by reading EMCCRO<PROTECT>.
By‘reset, protection becomes OFF.

And INTPO interruption octurs when write operation to specified SFR was
executed with protectionnON state.
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(5) Runaway provision with ROM protection register

(Purpose)
Provision in runaway of program by noise mixing.

(Operation explanation)
When write operation was executed for external three-kinds of ROM by runaway
of program, INTP1 is occurred and detects runaway function.
Three kinds of ROM is fixed as for Flash ROM (Option program ROM), Data
ROM, Program ROM are as follows on the logical addresssmemory map.
1. Flash ROM: Address 400000H to 7TFFFFFH
2. Data ROM: Address 800000H to BFEFFEFH

3. Program ROM: Address CO0000H to-FFFFFFH

For these address, admission/prohibition-of detection of writé operation sets it up
with EMCCR3<ENFROM, ENDROM, ENPROM>. And INTPI1(interruption occurred
within which ROM area in the -ease_that occurred /can—confivrn each with
EMCCR3<FFLAG, DFLAG, PFLAG>( Thisflag is cleared when writein O.
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3.3.7  Standby Controller

(1) HALT modes

When the HALT instruction is executed, the operating mode switches to IDLEZ2,
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: Only the CPU halts.

The internal I/0 is available to select operation during TPEL.E2 mode. By setting
the following register.
Table 3.3.2 Shows the registers of setting operatiod during IDLE2 mode.

Table 3.3.2 SFR Setting Operation during IDLE2 Mode

Internal 1/0 SFR
TMRAO1 TAO1RUN<I2TAO1>
TMRA23 TA23RUN<I2TA23>
SIO0 SCOMQDA1<12S0>
SIO1 SCIMOD1<I281>
AD converter ADMOD1<I2AD>
WDT 'WDMOD<I2WDT>

b. IDLE1: Only the oscillatér and-thé RTC (Real/time ¢lock) and MLD continue to
operate.

c. STOP: All internal circuits stop operating.
The operation of/each of the different-HALT modes is described in Table 3.3.3.

Table 3/3-3 4/O Operation during HALT Modes

HALT Mode IDLE2 IDLE1 STOP
SYSCR2<HALTM1:0> 11 10 01

CPU Stop

I/0 ports Keep the state-when the' HALT instruction See Table 3.3.6, Table 3.3.7

was executed:

TMRA

SIO Available to select

Block .
AD converter operatjon block
Stop

WDT

LCB€C;

Interrupt controller Operate

RTE, MLD Possible to operate
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(2) How to release the HALT mode

These halt states can be released by resetting or requesting an interrupt. The halt

release sources are determined by the combination between the states of interrupt
mask register <IFF2:0> and the HALT modes. The details for releasing the halt status
are shown in Table 3.3.4.

Released by requesting an interrupt

The operating released from the HALT mode depends-on-the interrupt enabled
status. When the interrupt request level set before executing the HALT
instruction exceeds the value of interrupt mask register;-the interrupt due to the
source is processed after releasing the HALT mode{ anxd({CPU status executing an
instruction that follows the HALT instruction. When-the interrupt request level
set before executing the HALT instruction is/léss than the value of the interrupt
mask register, releasing the HALT mode is not' executed. (In non-maskable
interrupts, interrupt processing is processed-after releasing the. HALT mode
regardless of the value of the mask régister.) However only for INTO to INTS3,
INTKEY, INTRTC and INTALMO to INTAEM4 interrupts, @ven.if the interrupt
request level set before executing the/HALT instruetion is'less than the value of
the interrupt mask register, releasing-the¢ the HALT 4nodelis £éxecuted. In this
case,interrupt processing, and-CPU ‘starts executing the instruection next to the
HALT instruction,but the interrupt request flag is held at, 1.

Note: Usually, interrupts canrelease all halts status; However, the interrupts (INTO to

INT3, INTRTC, INTALMO-fo INTALM4, INTKEY) 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 fgpy) with IDLE1 or STOP
mode (IDLEZ2 is nat applicable to this ease). (In this case, an interrupt request
is kept on held-internally.)
If anothier 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 hand]ed first followed by the other interrupt.

Reléasing by resetting

Releasing all Halt-statusis executed by resetting.
When the STOP mode is released by RESET, it is necessry enough resetting
time (see Table 3.3.5) to set the operation of the oscillator to be stable.
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Table 3.3.4 Source of Halt State Clearance and Halt Clearance Operation

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

HALT Mode IDLE2 IDLE1 [ STOP IDLE2 IDLE1| STOP

° INTWDT * x x - - -

£ INTO to INT3 (Note 1) R . o ! o o oL

s INTALMO to INTALM4 D . X o o x

g g | INTTAO to INTTA3 . x x % x x

£ | § | INTRXO to INTRXL, TXO to TX1 ° x x x x x

= £ | INTAD ¢ X X X X X

= INTKEY R . ot 3 o ot

Q INTRTC D . X Jd o x

3 INTLCD . x x x x x

® RESET Initialize LS

*

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

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

instruction.

x: It can not be used to release the HALT mode.

—: The priority level (Interrupt request level) of nonmaskable interrupts is (fixed to 7, the highest priority

level. There is not this combination type.

*1:Releasing the HALT mode is executed after passing the warm-up time

Note 1: When the HALT mode is cleared by an INTO interrupt of the level mode in the interrupt enabled
status, hold level H until starting interrupt.processing:lfievel L is set before holding level L, interrupt
processing is correctly started.

(Example) Releasing IDI/E1 mdéde

An INTO interrupt clearsthe halt state when the device is in IDLE1 mode.

Address
8200H
8203H
8206H
8209H
8208BH
820EH

INTO

820FH

LD
LD
LD

El

LD
HALT

7\

(PBFC), 00H
(IMC), 00H
(INTEOADY, O6H
5

(SYSCR2), 88H

7 Sets/PB3 to INTO.

;-Sefects INTO interrupt rising edge.
;. Sets INTO interrupt level to 6.

; Sets interrupt level to 5 for CPU.

; Sets HALT mode to IDLE1 Mode.
; Halts CPU.

1
INTO intgrrupt routine

(D)

LD

XX, XX
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(3) Operation
a. IDLE2 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 3.3.6 illustrates an example of the timing for clearance of the IDLE2
mode halt state by an interrupt.

C VAW AW AW W A WA WA WY AW W
rotoaz2s X ! » !
DOto D15 -—-=-=|--~- -@-------Er-----‘,&-—-—-i---—- F--1--4-(paa) - -
™ [ AN LT
- 5t
Interrupt for . « f_E_
release i \ighe? L
i mode i

Figure 3.3.6 Timing Chart for IDLE2Mode Halt State Cleared by tnterrupt

b. IDLE1 mode

In IDLE1 mode, only the“internal oseillator ‘and the RTC, MLD continue to
operate. The system cloek-in the MCU%tops. The pin status in the IDLE1 mode is
depended on setting the register SYSCR2<SELIDRV, DRVE>. Table 3.3.6, Table
3.3.7 summarizes'the state of these pins in'the IDLE model.

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

Figure \3.3.7)illustrates the timing for clearance of the IDLE1 mode halt state by
an interrupt.

S AWAV R EE A al aWLWAT AW AW AW AW AW
AOtoA23 X i :’z’ i
DO to D15 =T = =+ —---@@-------@-----‘,&----i-- --1--4---- {(paa) - -
% U 1 T
WR : » X
Interrupt : & ﬁ_-\
for release ' ” '
| IDLE1 _|
! mode !

Figure 3.3.7 Timing Chart for IDLE1 Mode Halt State Cleared by Interrupt
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c. 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 3.3.6, Table 3.3.7 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. After STOP
mode has been cleared, either NORMAL mode or SLOW~mode can be selected
using the SYSCRO<RSYSCK> register. Therefore, <RSYSCK>, <RXEN> and
<RXTEN> must be set see the sample warm-up times 1n,Table 3.3.5.

Figure 3.3.8 illustrates the timing for cledrance 'of the STOP mode halt state by
an interrupt.

Warm-up
! ) time )
[ <
N aW WAl al aW oINS W AW oW &
A0to A2z X R T A |
| ! ! ' |
DOto D15= 1 = =1 ————< Data>‘ == "':"‘S(f":'ss """ AIS"" =T '< Data>"'
! L« «
RD \ / e Sl ” \ /
: L« (,(/
m i\_ _SS__/E n
Interrupt for E K f:_s(’_\
release L
 p—
i STOP 4
. mode/ ;

Figure 3.3.8 Timing Chart for STOP Mode Halt State-Clgared by Interrupt

Table 3.3.5 Sample Warm-up Times after-Clearance of STOP Mode
at foscH = 36 MHz, fs =32.768 kHz
SYSCRO SYSCR2<WUPTM1:0>
<RSYSCK> 01 (25 10 (2% 11 (29
0 (fc) 71 s 0.455 ms 1.820 ms
1 (fs) 7.8 ms 500 ms 2000 ms
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Note:

(Setting example)

The STOP mode is entered when the low-frequency operates, and high-frequency

operates after releasing due to INTx.

Address

8FFDH
9000H
9002H

9005H

9006H

SYSCRO
SYSCR1
SYSCR2

INTX

EQU
EQU
EQU
LD
LD
LD

HALT,

00EOH
00E1H

00E2H

(SYSCR1), 08H
(SYSCR2), - X1001-1B
(SYSCRO0), 011000 - - B

; fsys =fs/2.
; Sets Warm-up.time to 2"/foscH.
~Operates/high-frequency after released.

= Ne-change

Clears and starts hit

warm-up timer.
(High-frequency)

End

INTX interrupt routine
1

RETI

When different modes are used beforeand after STOR mode-as the above mentioned , there
is possible to release the HALT made withoutchanging the operation mode by acceptance of
the halt release interrupt request during execution-of-HALT /instruction (during 6 states). In the
system which accepts the -interrupts during execution HALT instruction, set the same
operation mode before’and after the STOP mode.
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Table 3.3.6 Input Buffer State Table

Input Buffer State
When the CPU is In HALT In HALT mode(IDLE1/STOP)
Input operating mode(IDLE2) Condition A (Note) Condition B (Note)
PortName | Function | During | When When When When Used
N When When When Used When Used
ame Reset | Used as Used as ) Used as ) as Input Port
) Used as ) Used as | as function as function
function function ) Input Port )
) Input Port ) Input Port Pin Pin
Pin Pin
DO-7 — ON upon — — X —
OFF external OFF OFF
P10-17 D8-15 OFF OFF OFF
read ON
P56 (*1) WAIT ON ON ON ON OFE ON ON
P80-82 (*2) — — ON upon - — _
— OFF OFF OFF
P83 (*2) ADTRG port read
P90 (*1) KIO
P91 (*1) Ki1
P92 (*1) KI2
P93 (*1) KI3
P94 (*1) Kli4
ON ON ON ON
P95 (*1) KI5 ON ON ON oN
P96 (*1) K16
P97 (*1) KI7
PB3 INTO, PS
PB4 INT1, TAOIN ON
PB5 INT2
OFF OFF OFF
PB6 INT3
PCO —
PC3 (*1) -
PC1 RXDO OFF
— ON ON
PC2 SCLKO, cTso
ON ON OFF ON
PC4 RXD1
—— ON
PC5 (*1) | SCLK1, cTs1
Pz2-73 — - — OFF — — OFF
RESET ,
- ON - ON -
AMO,AM1 ON - ON -
X1,XT1 — IDLE1: ON, STOP : OFF

ON: The buffer is always turned on. A currentflows *I:Pert-having a pull-up/pull-down resistor.

the input buffer if the input pin is not driven.
OFF: Theuffer is always turned off. *2:AIN.nput does not cause a current to flow through the buffer.
—: No applicabte

Note: Condition A/B are-as-follows.

SYSCR2 register setting HALT.mode

<DRVE> <SELDRV> IDLEL STOP
0 0 Condition A Condition A
0 1
1 2 Conditien-& Condition B
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Table 3.3.7 Output Buffer State Table

Output Buffer State

When the CPU is In HALT mode(IDLE1/STOP)
" In HALT mode(IDLE2) Condition A (Not Condition B (Not
. operatin
Port Output Function buri P 9 ondition A (Note) ondition B (Note)
uring When When When When When When
Name Name When Used | When Used
Reset | Usedas | Usedas | Used as . Used as Used as Used as
. ) as Output | as function )
function Output function Port pi Output function Output
or in
Pin Port Pin Port Pin Port
DO-7 - ON upon — — — —
OFF external OFF OFF
P10-17 D8-15 ) ON ON OFF ON
write OFF
A0-15 - — - - -
ON ON ON ON
P20-27 Al16-23
P56 (*1) — OFF - _ _ _
P60 CS0
P61 csl
P62 CS2,CS2A
P63 CS3
P64 EA24, CsS2B, SRLB
PE— ON ON OFF ON
P65 | EA25, Ccs2C, SRUB ON ON ON OFF ON
KOO, ALARM,
PAO -
MLDALM
PAl KO1,TALIOUT
PA2 KO2,TA3OUT
PA3 KO3,SCoUT
PB3-B4 - - < = —
PB5 PX
_ - ON _ _
PB6 PY ON ON ON
PCO TXDO OFF
OFF
PC1,C4 — — - — —
PC2 SCLKO
PC3 (*1) TXD1
PC5 SCLK1
PDO (*1) D1BSCP ON ON OFF ON
PD1 D2BLP
PD2 D3BFR
ON ON OFF ON
PD3 DLEBCD ON
PD4 DOFFB
PD7 MLDALM
RD, WR - - - - -
PZ2 (*1) HWR
A — OFF ON ON OFF ON
PZ3 (*1) R/W, SRWR
X2 — IDLE1 : ON, STOP : Output “H" level
ON ON — ON —
XT2 ~ IDLE1 : ON, STOP : High-Z
ON.: The buffer is always turned“~on. When the bus is *1:Port having a pull-up/pull-down resistor.
released , however ,output buffers for some pins are
turhed off.
OFF: The buffer is always turned off.
—: No applicable
Note: Condition A/B are as follows.
SYSCR2 register setting HALT mode
<DRVE> <SELDRV> IDLE1 STOP
0 0 Condition A Condition A
0 1
1 0 Condition B Condition B
1 1
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3.4

Interrupts

Interrupts are controlled by the CPU interrupt mask register SR<IFF2:0> and by the built-in
interrupt controller.
The TMP91C025 has a total of 37 interrupts divided into the following three types:

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

e Internal interrupts: 23 sources

e Interrupts on external pins ( INTO to INT3, INTKEY): 58outces

A (fixed) individual interrupt vector number is assigned fo each-interrupt.
One of six (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-ofithat interrupt to
the CPU.If multiple interrupts are generated simultanéoeusly, 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 thevalue of the CPU interrupt
mask register <IFF2:0>. If the priority Ievel 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/emables the maskable interrypts which priority level set in the
interrupt controller is 3 or higher, and/also non-maskable intérrupts.

Operationally, the DI instruetion (<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 1 to 6. The El instruction is vaild imumediately after execution.

In addition to the \abdve general-purpese-interrupt processing mode, TLCS-900/L1 has a
micro DMA Anterrupt processing mode as well The CPU can transfer the data (1/2/4 bytes)
automatically M’ micro/DMA mode, therefore this mode is used for speed-up interrupt
processing, such-as._transferring data-te the internal or external peripheral I/0. Moreover,
TMP91C025 has software start funetion for micro DMA processing request by the software not
by thehardware interrupt.

Figure 3.4.1 shows the overdll interrupt processing flow.
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C Interrupt processing )
Micro DMA soft start
request
Interrupt specified Yes
— by micro DMA
start vector?
No
Clear interrupt request flag
Data transfer by,
Interrupt vector value V read micro DMA
Interrupt request F/F clear
General-purpose
interrupt PUSH PC Coupt < €ount>1 Micré DMA processing
processing PUSH SR
SR<IFF2:0> «Level of
accepted
interrupt + 1 i : ist
INTNEST « INTNEST + 1 Yes ear vector register
Count=0 generating micro DMA
trasfer and interrupt
No — (INTTCO - 3)

PC « (FFFFOOH + V)

i

Interrupt processing
program

RETI instpuction

POP SR
POP PC
INTNEST=INTNEST - 1

e )

Figure 3.4.1 Overall Interrupt Processing Flow
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3.4.1

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

(€))

(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>. Howéver;.if the priority levelof the accepted
interrupt is 7, the register’s value is set to 7:

The CPU increases the interrupt nesting counterINTNEST by 1 (+1):

The CPU jumps to the address indicated\by/the data at addresss\FFFFOOH + interrupt
vector and starts the interrupt processing routine.

The above processing time is 18 states.(1.00-ps at 36 MHz) as the best case (16-bit data
bus width and 0 waits).

When the CPU compled the interrupt processing, \use‘the RETI instruction to return
to the main routine. RETE restores the contents of program counter (PC) and status
register (SR) from the stack and decreases the Interrupt Nesting counter INTNEST by
1.

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

If an-interruptrequest which hasapriority level equal to or greater than the value of
the/CPU interrupt mask degister <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 aceepted intertuptplus T(+1).

Therefore, if an interruptas.generated with a higher level than the current interrupt
during rits 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) procéssing 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 3.4.1 shows the TMP91C025 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 3.4.1 TMP91CO025 Interrupt Vectors Table
Default Interrupt Source and Vector Vector Micro
Priority Type Source of Micro DMA Request Value (V) Reference| DMA Start
Address | Vector
1 Reset or “SWI 0" instruction 0000H FFFFOOH —
2 “SWI 1" instruction 0004H FFFFO4H —
3 INTUNDEF: illegal instruction or “SWI 2" instruction 0008H FFFFO8H —
4 Non- “SWI 3" instruction 000CH FFFFOCH -
5 Maskable “SWI 4” instruction 001Q0H FFFF10H —
6 “SWI 5” instruction 00T4H FFFF14H —
7 “SWI 6” instruction 0018H FFFF18H —
8 “SWI 7" instruction 001CH FFFF1CH —
9 INTWD: Watchdog timer 0024H FFFF24H —
- Micro DMA (MDMA) - - -
10 INTO pin 0028H FEFF28H OAH
11 INT1 pin 002CH FEEF2CH 0BH
12 INT2 pin 0030H FFEF30H 0CH
13 INT3 pin 0034H FRFF34H ODH
14 INTALMO: ALMO (8192 Hz) 0038H EEFEF38H OEH
15 INTALM1: ALM1 (512 Hz) 003CH FEFE3CH OFH
16 INTALM2: ALM2 (64 Hz) 0040H FFFF40H 10H
17 INTALM3: ALM3 (2 Hz) 0044H FFFF44H 11H
18 INTALM4: ALM4 (1 Hz) 0048H FFFF48H 12H
19 INTTAO:  8-bit timer0 004CH FFFF4ACH 13H
20 INTTAL: 8-bit timerl 0050H FFFF50H 14H
21 INTTA2: 8-bit timer2 0054H FFFF54H 15H
22 INTTA3: 8-bit timer3 0058H FFFF58H 16H
23 INTRX0: Serial\reception|(Channel 0) 005CH FFFF5CH 17H
24 Maskable | INTTX0: Serial transmission (Channel 0) 0060H FFFF60H 18H
25 INTRX1: (Serial réception (Channel 1) 0064H FFFF64H 19H
26 INTTX1: Serial transmission (Channel 1) 0068H FFFF68H 1AH
27 INTAD;~— AD conversion end 006CH FFFF6CH 1BH
28 INTKEY:/ Key wake up 0070H FFFF70H 1CH
29 INTRTC:—RTC (Alarm interrupf) 0074H FFFF74H 1DH
30 INTLCD: /LCDC/LP pin 007CH FFFF7CH 1FH
31 INTPO: Protect 0 (WR to-special SFR) 0080H FFFF80H 20H
32 INTPL: Protect. 1 (WR-to-ROM) 0084H FFFF84H 21H
33 INTTCO: Micro DMAend.(Channel 0) 0088H FFFF88H —
34 INTTC1l: Micro DMA end (Channel 1) 008CH FFFF8CH —
35 INTTC2: Micro’'DMA end (Channel 2) 0090H FFFF90H -
36 INTTC3: Micro\DMA end (Channel 3) 0094H FFFF94H —
(Reserved) 0098H FFFF98H -
to to to to
(Resérved) 00FCH FFFFFCH —
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3.4.2

Micro DMA Processing

In addition to general-purpose interrupt processing, the TMP91C025 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 réquirement of micro
DMA will be ignored (Pending).

(1) Micro DMA operation

When an interrupt request specified by the miiero " 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 requestin-spiteof any interrupt source’s level.
The micro DMA 1is ignored on <IFF2:0> = 7.

The 4 micro DMA channels allow microDMA processing to be sét for up to 4 types of
interrupts at any one time. When micro/DMA is accepted| the )interrupt request
flip-flop assigned to that channel is cleared:

The data are automatically transferred ence (1/2/4 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 trawsfer) end interrupt INTTCO to
INTTC3) passes from the CPU to the interrupt controller:In addition, the micro DMA
start vector register DMAnVis eleared to0;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-ldter burst mode. In this case, the
micro DMA transfer endhinterrupt (INTTCO to INTTC3) aren’t generated.

If an interrupt requestis triggered fortheanterrupt source in use during the interval
between thé clearing of the microDMA start vector and the next setting,
general-purpoese_interrupt processing executes at the interrupt level set. Therefore, if
only Ausing the interruptfor starting the micro DMA (not using the interrupts as a
general-parpose’ interrupt: level 1-to-6), first set the interrupts level to 0 (Interrupt
requests-disabled).

If using micro DMA andgeneral-purpose interrupts together, first set the level of the
mterrupt 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 miero DMA transfer end interrupt INTTCO to INTTC3) is defined

by“/the interrupt level and the default priority as the same as the other maskable
interrupt.

Note: If the priority levél'ef micro DMA is set higher than that of other interrupts, CPU operates as follows.

In case INTxxx interrupt is generated first and then INTyyy interrupt is generated between checking
“Interrupt specified by micro DMA start vector” (in the Figure 3.4.1) 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 t¥ansfer, 2-byte (one word)
transfer, and 4-byte transfer. After a transfer in any—mode, the transfer
source/destination addresses are increased, decreased,/of remain unchanged.

This simplifies the transfer of data from I/O to~memory,from memory to I/O , and
from I/0 to I/O. For details of the transfer modes, see 3.4:2 (4) 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 coGnt-is maximized
when the transfer counter initial value is set-to\0000H.)

Micro DMA processing can be started by thé 24 interrupts shown in-the micro DMA
start vectors of Table 3.4.1 and by the \mic¢ro/DMA soft start, making a total of 25
interrupts.

Figure 3.4.2 shows the word transfer micro DMA c¢ycle-intransfer destination
address INC mode (except for cotinter mode, the same asfor'other modes).

(The conditions for this cyclearebased on an external 16-bit bus, 0 waits, trandfer
source/transfer destination/addressesy’both even-numbérd values).

1 state Note 1 Note/2

Is v N

DM2 DM3 DM4 DM5 DM6 DM DM8

Figure/3.4.2 Timing for Micro DMA Cycle

States 1 to 3: Instructionfetch 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 4 to 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 two states.
If the source address area is a 16-bit bus and the address starts from an odd number,
it is increased by two states.

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

Soft start function

In addition to starting the micro DMA function by interrupts, TMP91C025 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
bits, 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 ndt 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 0 after startup of the micro DMA. If 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 t¢ avoid writing to
other bits by mistake.

Symbol

Name

Address 7 6 5 4 3 2 1 0

DMAR

DMA
request
register

DMAR3 DMAR2 DMAR1 DMARO
R/W

o/ | o | o

DMA request

89H
(Prohibit |
RMW) 0

3

Transfer control registers

The transfer source address and the transfer destination address are set in the
following registers in|\|CPU.\Data setting for these  registers is done by an LDC cr,r

instruction.
Channel 0
DMASO DMA souree address register 0: only use LSB 24 bits.
DMADOQ DMA destination address register 0: only use LSB 24 bits.
DMACO DMA ‘counter register 0: 1 to 65536 .
. DMAMOQ_| DMA mode register 0.
1
1
|
Channel 3
DMAS3 DMA source address register 3.
DMAD3 DMA destination address register 3.
| DMAC3 DMA counter register 3.
DMAM3 | DMA mode register 3.
[ e——>
8 bits
I 16.bits
32 hits
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(4) Detailed description of the transfer mode register

8 bits
DMAMO to
DMAM3 0 O | I I\I/IodeI Note: When setting a value in this register, write 0 to the upper 3 bits.
Minimum
Number of - Number of . .
Transfer Bytes Mode Description Execution States Execution Time
at fc = 36 MHz
000 000 Transfer destination address INC mode 8 states 444 ns
(fixed) 00 |Bytetransfer | e, I/0 to memory
1 | Word transfer DMADnN+) <« (DMASNh
0 ord transfe ( ) ) 12 states 667 ns
10 | 4-bit transfer DMACn « DMACn - 1
If DMACnh = 0, then INTTCn is generated.
001 Transfer destination address DEC mode 8 states 444 ns
00 |Bytetransfer | I/O to memory
DMADN-) < (DMASN
01 | Word transfer (DMAC ) D|\/(|AC 1) PP 667 ns
10 | 4-bit transfer n< n-
If DMACnh = 0, then INTTCn is generated.
010 Transfer source address INC modg 8 states 444 ns
00 |Bytetransfer | Memory 16 1/0
DMADN) < (DMASNh+
01 | Word transfer (DMAC ) DE\AAC 1) 15-staids 667 ns
10 | 4-bit transfer n< n-
If DMACnh = 0, then INTTCn is-generated.
011 Transfer source address BEC mode 8 states 444 ns
00 |Bytetransfer | . ollsowe Memory to 1/O
DMADN) «— (DMASNh<
01 |[Word transfer (DIVIAC ) DEVI e 1) W states 667 ns
10 | 4-bit transfer n< n-
If DMACh = 0;.then INTTCn is generated.
100 Fixed address mode 8 states 444 ns
00 |Bytetransfer | N sl 1/0 toHO
DMADnN) <« (DMASNn-
01 | Word transfer E)MAC ) DE\AAC 1) 12 states 667 ns
10 | 4-bit transfer ng n-
i DMACH'= 0, then INTTCn is generated.
101 00 [ Counter mode
..................... Fer counting number of times-interrupt is generated
DMASNH <~ DMASNh + 1 5 states 278 ns
DMACn ¢~ DMACn-< 1
If DMACn =0, then INTTCnris-generated.

Note 1: nis the corresponding micro DMA-channels 0 to 3
DMADN+/DMASN+: Post-increment (inerement register value after transfer)

DMADn—/DMASNh-: Post-decrement (decrement register value after transfer)
The(I/Os\in the table mean fixed address and the memory means increment (INC) or
decrement (DEC) addresses:

Note 2:

Note 3:

Execution time is_underthe-condition of:

16-bit bus width-(both translation and destination address area) /0 waits/
fc = 36 MHz/selected’ high frequency mode (fc x 1)

the above table.

Do not use an undefined code for the transfer mode register except for the defined codes listed in
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3.4.3

Interrupt Controller Operation

The block diagram in Figure 3.4.3 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 36 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 periphérals. The flag is cleared to
0 in the following cases:

e  When reset occurs
e  When the CPU reads the channel vector after acceptedits interrupt

e  When executing an instruction that clears the intérrupt
(Write 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 intérrupt_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 sourcde’s-priority level to 0 (or 7)
disables interrupt requests from that‘sourcé. The priority-of ngn-maskable interrupts
(Watchdog timer interrupts) is fixed at 7.)If interrupt/ request with the same level are
generated at the same time, the-default priority (The intefrupt 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>inthe status register bythe interrupt request signal with the priority value
set; if the lattér ishigher, thednterruptds dccepted. Then the CPU sets a value higher than
the priority value by 1 (+1) in the-CRU SR<IFF2:0>. Interrupt request where the priority
value equals er’is higher .than-the set value are accepted simultaneously during the
previeous 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 CBU SR<IFF2:0>.

The interrupt contirollex 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 3.4.1), ertables.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 3.4.3 Block Diagram of Interrupt Controller
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(1) Interrupt level setting registers
Symbol | Name |[Address 7 6 5 4 3 2 1 0
INTAD INTO
INTO and
IAD IADM2 IADM1 IADM | 10M2 10M1 10M
INTEOAD | INTAD 90H < | | 0 oc 0 | 0 | oMo
enable R R/W R R/W
0 o | o | o 0 o | o | o
INTL and INT2 INT1
an
INTEL2 INT2 91H 12C 12M2 | 12M1 | 12MO 11C 11M2 | I1IM1 | 11MO
enable R R/IW R R/W
0 o | o | o 0 V| o | o
INT3 and INTALM4 INT3
an
INTE3ALMA4 | INTALM4 92H 1A4C 1A4M2 | I1AAM1 | 1A4MO 13C 1I3M2 | 1I3M1 | 13MO
enable R R/IW R R/W
0 0 | 0 | 0 0 0 | 0 | 0
INTALMO INTALM1 INTALMO
and iaic | 1awm2 | 1awmr | o1amvo- ] imoc | 1aom2 [ 1aoma | 1aomo
INTEALMO1 93H
INTALM1 R R/W R R/W.
enable 0 o | o | e 0 o L 20)) o
INTALM2 INTALM3 INTALMZ2
and 1A3C 1A3M2 | I1ASMY I JIASMO 1A2C I1A2M2 | 1A2M1 | 1A2MO
INTEALM23 94H
INTALM3 R R/W R R/W
enable 0 o |/ o0y o 0 o~ | o | o
INTTAO INTTAL(TMRAL) INTTAO (TMRAOQ)
and ITAL1C ITAIM2 I ITALIML | ITAIMO ITAQC TAOM2 | ITAOM1 | ITAOMO
INTETAO1 95H
INTTAL R R/W R R/W
enable 0 o~h % | o 0 o | o | o
INTTA2 INFTA3(TMRA3) INTTA2 (TMRA2)
and iTasc,/ | rrasviz | imasmi | irasmo | imacc | imaomz | iasmi | imasmo
INTETA23 96H
INTTA3 R R/W R R/W
enable 0 o | o [ue 0 o | o [ o
INTRTC INTKEY INTRTC
and IKC IKM2 | 1Kt | IKMO IRC IRM2 | IRM1 | IRMO
INTERTCKEY 97H
INTKEY R RV, R RIW
enable 0 o fo—} o 0 o | o | o
Interrupt request flag
IXxM2 | IxxM1 | 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
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
INTTXO INTRXO
Interrupt imxoc | imxom2 | imxom1 | imxomo | irxoc | irxom2 | irxom1 | irxomo
INTESO | enable 98H
. R RIW R RIW
serial 0 | | |
0 0 0 0 0 0 0 0
INTTXL INTRX1
INTRX1 &
mxtic | mxam2 | mxame | mxavo | rxac | irxamz | irxami | iRxamo
INTESL | INTTX1 99H | | | |
enable R R/IW R R/IW
0 o | o | o 0 o1/ 0o | o
INTLCD -
INTLCD iLcpic | icom2 | icom | iLcomo N _ _ _
INTELCD 9AH | | | |
enable R R/W i =
0 o | o | o \ - ! - 1 -
INTTC1 INTTCO
INTTCO &
wrercodl mrror oBH ircic | mmeam2 | ircame | ircamo AL lircoe s | imcomz | iroma . ircomo
b R RIW R RIW
0 o | o | o 0 o oo | o
INTTC3 INTTE2
INTTC2 &
ircac | imeam2 | imeamr [/ireamo | imeae | mcomz [Niréamd | ircamo
INTETC23| INTTC3 9CH | | [ rcom |
abie R RIW R RIW
0 o | o o 0 o) o | o
INTPL INTPO
INTPO &
ipic | pam2 | kM iPimo IPOC pomv2 | ipom1 | ipomo
INTEPOL | INTP1 9DH | v | | / |
enable R R RIW
0 o Fho V] o 0 o | o [ o

Interrupt request flag

IXxM2 | IxxM1 | IXxMO Function (Write)

Disables interrupt requests

Sets interrupt priority level to 1
Sets interrupt priority level to 2
Sets interrupt priority level to 3
Sets interrupt priority level to 4
Sets interrupt priority level to 5
Sets interrupt priority level to 6
Disables interrupt requests

P /PO O O O
vk O O F» PO O
P O FP O Fr O /O
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(2) External interrupt control
Symbol| Name |Address 7 6 5 4 3 2 1 0
— — I3BEDGE 1I2EDGE I1IEDGE I0EDGE I0LE -
Interrupt W
MG input 8CH 0 0 0 0 0 0 0 0
mode ~ |Aways | Always INT3EDGE | INT2EDGE | INTIEDGE | INTOEDGE | INTO mode | Always
control (Prohibit | yite 0. | write . 0:Rising |0:Rising |0:Rising |O: Rising-_"{.0: Edge write 0.
RMW) 1: Falling |1:Falling |1:Falling |1:Faling |1/Level

INTO level enable

0 edge detect INT
1 High level INT
(3) Interrupt request flag clear register
The interrupt request flag is cleared by writing the appropriate micro DMA start
vector, to the register INTCLR.
For example, to clear the interrupt_flag INTO, perform “the following register
operation after execution of the DI mnstruction.
INTCLR « 0AH: Clears interruptrequést flag INTO.
Symbol| Name [Address 7 6 5 4 3 2 1 0
CLRV5 CLRVA CLRV3 CLRV2 CLRV1 CLRVO
Interrupt
88H W
INTCLR cleatr | (Prohibit 0 0 P 0 0 0
control
RMW) Interrupt Vector

(4)

Micro DMA gtart vector registers

Thisregister assigns micro DMA processing to which interrupt source. The interrup