TOSHIBA TMP92CD54I
CMOS 32-bit Micro-controller
TMP9O2CD54IF

1. Outline and Device Characteristics

TMP92CD541 is high-speed advanced 32-bit micro-controller developed for controlling
equipment which processes mass data.

TMP92CD541 is a micro-controller which has a high-performance CPU (900/H1 CPU) and
various built-in I/Os. TMP92CD541 is housed in a 100-pin mini flat package.

Device characteristics are as follows:

(1) CPU : 32-bit CPU(900/H1 CPU)
Compatible with TLCS-900,900/1,900/1.1,900/H,900/H2’s instruction code
16Mbytes of linear address space
General-purpose register and register banks
Micro DMA : 8channels (250ns / 4bytes at fc = 20MHz, best case)
Minimum instruction execution time : 50ns(at 20MHz)
Internal data bus : 32-bit
(2) Internal memory
Internal RAM : 32K-byte
Internal ROM : 512K-byte Mask ROM

RESTRICTIONS ON PRODUCT USE

060116EBP

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

e 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

e 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
bodily 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

e 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_Q

¢ 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

e 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 TMP92CD54

(3) External memory expansion
16M-byte linear address space (memory mapped 1/0)
External data bus : 8bit(for external I/O expansion)
* Can’t use upper address bus when built-in I/Os are selected
(40 Memory controller MEMC)
Chip select output : 1 channel
(5)  8-bit timer : 8 channels
8-bit interval timer mode (8 channels)
16-bit interval timer mode (4 channels)
8-bit programmable pulse generation (PPG) output mode (4 channels)
8-bit pulse width modulation (PWM) output mode (4 channels)

(6) 16-bit timer : 2 channels
16-bit interval timer mode
16-bit event counter mode
16-bit programmable pulse generation (PPG) output mode
Frequency measurement mode
Pulse width measurement mode
Time differential measurement mode
(7) Serial interface (SIO) : 2 channels
T/O interface mode
Universal asynchronous receiver transmitter (UART) mode
(8) Serial expansion interface (SEI) : 1 channel
Baud rate 4/2/0.56Mbps at fc=20MHz.
(9) Serial bus interface (SBI) : 3 channels
Clocked-synchronous 8-bit serial interface mode
12C bus mode
(10) CAN controller : 1channel
Supports CAN version 2.0B.
16 mailboxes
(11) 10-bit A/D converter (ADC) : 12 channels
A/D conversion time 8usec @fc=20MHz.
Total tolerance +/- 3LSB (excluding quantization error)
Scan mode for all 12channels
(12) Watch dog timer (WDT)
(13) Timer for real-time clock (RTC)
Can operate with only low frequency oscillator.
(14) Interrupt controller (INTC) : 60 interrupt sources
9 interrupts from CPU
42 internal interrupt vectors
9 external interrupt vectors
(15) I/0 Port : 68pins
(16) Standby mode
Four modes : IDLE3,IDLE2,IDLE1 and STOP
STOP mode can be released by 9 external inputs.
(17) Internal voltage detection flag (RAMSTB)
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TOSHIBA TMP92CD54

(18)  Power supply voltage

VCC5 = 4.5V to 5.25V

VCC3 = 3.3V (VCC3 Connect to REGOUT; built-in voltage regulator.)
(19) Operating temperature : -40 to 85 degree C
(200  Package : P-LQFP100-1414-0.50F
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TOSHIBA TMP92CD54l
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Figure 1 TMP92CD54I block diagram
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2. Pin Assignment and Functions
2.1 Pin Assignment

—
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Figure 2.1 TMP92CD54l Pin Assignment
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2.2 Pin names and functions

The following table shows the names and functions of the input/output pins.

Pin name Lt Nurr.lber ot In/Out Function
number pins

P00..P07 " " {(CMOS)| infout |Port 0: /O port. Input or output specifiable in units of bits.

Do.D7  [20%..27 | (TTL) | infout |Data: DatabusOto 7.

P40..P47 ogh _ 35h 3 in/out |Port4: I/O port. Input or output specifiable in units of bits.

A0..A7 out [Address: Address bus 0to 7.

P70 in/out |Port70: I/O port.

RD 81 1 out |Read: Outputs strobe signal to read external memory.

P71 4 in/out |Port 71: /O port.

WR 82n 1 out |Write: Output strobe signal to write external memory.

P72 Port 72: I/O port.

SI2 83 1 in/out |SBI channel 2: Input data at SIO mode

SCL2 SBI channel 2: Clock input/output at I>*C mode

P73 gt 1 in/out |Port 73: I/O port.

CS out [Chip select: Outputs “low” if address is within specified address area.

P74 85th 1 m/out |Port 74: I/O port.

P75 " in/out |Port 75: I/O port.

WAIT 87 1 in  |Wait: Signal used to request CPU bus wait.

PCO in/out |Port CO: I/O port.

TIO 58th 1 in  [Timer input O: Input pin for timer 0. INTL —

INT1 in  |Interrupt request pin 1: Rising-edge interrupt request pin. J

PC1 57th 1 in/out |Port C1:I/O port.

TO1 out  [Timer output 1: Output pin for timer 1.

PC2 in/out |Port C2: I/O port.

TO3 56th 1 out |Timer output 3: Output pin for timer 3. INT2 —

INT2 in |Interrupt request pin 2: Rising-edge interrupt request pin. J

PC3 in/out |Port C3: I/O port.

TI4 55th 1 in  |Timer input 4: Input pin for timer 4. INT3 J_

INT3 in |Interrupt request pin 3: Rising-edge interrupt request pin.

PC4 54th 1 in/out |Port C4: I/O port.

TO5 out [Timer output 5- Output pin for timer 5.

PCs in/out |Port C5: I/O port.

TO7 53w 1 out |Timer output 7: Output pin for timer 7. INTA J_

INT4 in |Interrupt request pin 4: Rising-edge interrupt request pin.

PDO in/out |Port DO: I/O port. NS

TI8 in  [Timer input 8 Input pin for timer 8.

INT5 in  |Interrupt request pin 5: Interrupt request pin with programmable rising/faling

41t 1 edge. WUNTO —

Al6 out |Address: Address bus 16. J _\— _U_

WUINTO in  |Wake up input 0: Wake up request pin with programmable rising, falling or both
falling and rising edge.

PD1 in/out |Port D1: I/O port. —

TI9 in  [Timer input 9: Input pin for timer 9. e f W J _\_ \ /

INT6 49nd 1 in |Interrupt request pin 6: Rising-edge interrupt request pin.

A17 out |Address: Address bus 17.

WUINT1 in  [Wake up input 1: Wake up request pin with programmable rising, falling or both
falling and rising edge.

PD2 in/out |Port D2: I/O port.

TO8 out |Timer output 8 Output pin for timer 8 WUINT2 —

A18 43 1 out |Address: Address bus 18. J _\_ \ /

WUINT2 in  |Wake up input 2 Wake up request pin with programmable rising, falling or both
falling and rising edge.

PD3 in/out |Port D3: I/O port.

TO9 out |Timer output 9: Output pin for timer 9 WUNT3 —

A19 44th 1 out |Address: Address bus 19. J _\_ _U_

WUINTS3 in  |Wake up input 3: Wake up request pin with programmable rising, falling or both
falling and rising edge.
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Pin name o Pm] I\(I)fu;n]:zr In/Out Function

PD4 infout |Port D4: I/O port. N7 —

TIA in  |Timer input A: Input pin for timer A

INT7 in  |Interrupt request pin 7: Interrupt request pin with programmable rising/falling

45t 1 edge. WUNT4 —

A20 out |Address: Address bus 20. J _\_ &{ /

WUINT4 in  |Wake up input 4: Wake up request pin with programmable rising, falling or both
falling and rising edge.

PD5 infout |Port D5: I/O port.

TIB in  |Timer input B: Input pin for timer B. WUINTS

A21 46th 1 out [Address: Address bus 21. f _\— v

WUINTS in  |Wake up input 5: Wake up request pin with programmable rising, falling or both
falling and rising edge.

PD6 infout |Port D6: I/O port.

TOA out |Timer output A: Output pin for timer A. WUNT6 (

A22 47th 1 out |Address: Address bus 22. J _\— _U_

WUINT6 in  |Wake up input 6: Wake up request pin with programmable rising, falling or both
falling and rising edge.

PD7 infout |Port D7: I/O port.

TOB out |Timer output B: Output pin for timer B. WUNT? (

A23 48t 1 out [Address: Address bus 23. J _\— v

WUINT7 in  |Wake up input 7: Wake up request pin with programmable rising, falling or both
falling and rising edge.

PFO 1ot 1 infout |Port FO: I/O port.

TXDO out |Serial interface channel 0: Transmission data.

PF1 11t 1 infout |Port F1: I/O port.

RXDO in  |Serial interface channel 0: Receive data.

PF2 infout |Port F2: I/O port.

SCLKO 10th 1 infout |Serial interface channel 0: Clock input/output.

CTSO in |Serial interface channel 0: Data ready to send. (Clear-to-send)

PF3 gth 1 infout |Port F3: I/O port.

TXD1 out |Serial interface channel 1: Transmission data.

PF4 g 1 infout |Port F4: I/0 port.

RXD1 in _[Serial interface channel 1: Receive data.

PF5 infout  |Port F5: T/O port.

SCLK1 7th 1 infout  |Serial interface channel 1: Clock input/output.

CTS1 in Serial interface channel 1: Data ready to send. (Clear-to-send)

PF6 g 1 infout |Port F6: I/O port.

X out |CAN: Transmission data.

PF7 5 1 infout |Port F7:1/0 port.

RX in  |CAN: Receive data.

PGO..PG7 39h._9gh 3 in  |Port G: Input-only port.

ANO.AN7 o in  |Analog input O to 7: AD converter input pins.

PLO..PL3 in  |Port LO to L3: Input-only port.

ANS.AN1 |97, 100t 4 in  |Analog input 8 to 11: AD converter input pins.

1

PMO in/out |Port MO: I/O port.

SS 16t 1 in  |SEL Slave select input.

A8 out |Address: Address bus 8.

PM1 infout |Port M1: /O port.

MOSI 17th 1 in/out |SEI: Master output, slave input.

A9 out |Address: Address bus 9.

PM2 infout |Port M2: /O port.

MISO 18t 1 infout |SEI: Master input, slave output.

A10 out |Address: Address bus 10.

PM3 infout |Port M3: I/O port.

SECLK 19th 1 infout [SEI: Clock input/output.

All out |Address: Address bus 11.

PM4 14t 1 infout |Port M4: I/O port.

SCK2 in/out |SBI channel 2: Clock input/output at SIO mode.

PNO 59t 1 in/out |Port NO: I/O port.

SCKO in/out |SBI channel 0: Clock input/output at SIO mode.
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Pinname| L | Number | p o Function
number | of ping

PN1 infout |Port N1: /O port.

SO0 60t 1 out |SBI channel 0: Output data input/output at SIO mode

SDAO infout |SBI channel 0: Data input/output at I*C mode

PN2 infout |Port N2: I/O port.

SI0 62nd 1 in  [SBI channel 0: Input data at SIO mode

SCLO in/out |SBI channel 0: Clock input/output at I*C mode

PN3 infout |Port N3:L/O port.

SCK1 64t 1 infout |SBI channel 1: Clock input/output at SIO mode

Al12 out |Address: Address bus 12.

PN4 infout |Port N4: /O port.

SO1 65 1 out |SBI channel 1: Output data at SIO mode

SDA1 infout [SBI channel 1: Data input/output at I*C mode

Al13 out |Address: Address bus 13.

PN5 infout |Port N5: /O port.

SI1 66t 1 in  [SBI channel 1: Input data at SIO mode

SCL1 in/out |[SBI channel 1: Clock input/output at I*C mode

Al4 out |Address: Address bus 14

PN6 Port N6: I/O port.

SO2 g7t 1 infout [SBI channel 2: Output data at SIO mode

SDA2 out |SBI channel 2: data input output at I2C mode

Al15 Address: Address bus 15.
Non-maskable interrupt: Interrupt request pin with programmable falling or both

NMI 39th 1 in  |falling and rising edge. o —\_ —\J—
Interrupt request pin 0: Interrupt request pin with programmable level or

INTO 37th 1 in |rising-edge. INTO j._t f

AMO,1 80th, 78th 2 in  [Address Mode selection: Connect AMO pin to L, AM1 pins to H.

TESTO,1 | 76t 71st 2 in |Test mode pins: Should be set to L.

CLK 77t 1 out |Programmable clock output (with pull-up register)

X1/X2 74th, 79nd 2 infout |Oscillator connecting pins

XTUXT2 | 700 69 9 infout Low fre}qugncy oscillator (:'onnectmg pins. Crystal or ceramic resonator is connected.
RC oscillation is also possible

RESET 79th 1 in  |Reset: Initializes LSI (with pull-up register).

VREFH 4th 1 in  [AD reference voltage high

VREFL 3 1 in  |AD reference voltage low

ADVCC 2nd 1 Power supply pin for AD converter (+5V): Connect ADVCC pin to 5V power supply.

ADVSS 1st 1 GND pin for AD converter: Connect ADVSS pin to GND (0V).

15, 40, ] . _ .
DVCCs 50h 61 75h 5 Power supply pins (+5V): Connect all DVCC5 pins to 5V power supply.
DVCC3 |36h68h86h 3 - Power supply pins (+3.3V): Connect all DVCC3 pins to REGOUT pin.
13h38h 51, i . .

DVSS 63473 880 6 GND: Connect all DVSS pins to GND (0V).

REGOUT 49th 1 out |Regulator output 3.3V: Connect capacitor to stabilize the regulator output.

REGEN 52nd 1 in  |Regulator enable pin: Should be set to H or OPEN (with pull-up register).

yve-DatasShest Al com
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TOSHIBA TMP92CD54
3. OPERATION

This section describes the basic components, functions and operation of TMP92CD541.

3.1 CPU
TMP92CD54I contains an advanced high-speed 32-bit CPU (900/H1 CPU)

3.1.1 CPU Outline

900/H1 CPU is high-speed and high-performance CPU based on 900/H CPU. 900/H1 CPU has
expanded 32-bit internal data bus to process Instructions more quickly.

Outline of 900/H1 CPU are as follows:

900/H1 CPU
Width of CPU Address Bus 24-bit
Width of CPU Data Bus 32-bit
Internal Operating Frequency 16 to 20MHz (@fosc=8 to 10MHz)
Minimum Bus Cycle (Internal RAM) | 1-clock access (50ns@fosc=10MHz)
Internal RAM 32-bit 1-clock access
Internal ROM 32-bit interleave 2-1-1-1-clock access
Internal I/0 8/16-bit 2-clock access PORT, INTC,
MEMC
8/16-bit 5 to 6-clock access SEI, SIO, WDT,
8-bit Timer,
16-bit Timer,
RTC, 10-bit ADC,
SBI, CAN
External Device 8-bit 2-clock access (can insert some waits)
Minimum Instruction 1-clock(50ns@fosc=10MHz)
Execution Cycle
Conditional Jump 2-clock(100ns@fosc=10MHz)
Instruction Queue Buffer 12-byte
Instruction Set Compatible with TLCS-900, 900/H, 900/L,
900/L.1 and 900/H2 (NORMAL, MIN, MAX and
LDX instruction is deleted)
Micro DMA 8-channels
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3.1.2 Reset Operation

When resetting TMP92CD541 microcontroller, ensure that the power supply voltage is within
the operating voltage range, and that the internal high-frequency oscillator has stabilized. Then
hold the RESET input Low for at least 20 system clocks (4us). At reset the clock doubler is
bypassed and system clock operates at 5SMHz (fosc=10MHz).

When the Reset has been accepted, the CPU performs the following:
e Sets the Program Counter (PC) as follows in accordance with the Reset Vector stored at
address FFFFOOH to FFFFO2H:

PC<0 to 7> < data in location FFFFOOH
PC<8to 15> <« data in location FFFFO1H
PC<16 to 23> <« data in location FFFF02H

e Sets the Stack Pointer (XSP) to 00000000H.

e Sets bits <IFF0 to IFF2> of the Status Register (SR) to 111 (thereby setting the Interrupt
Level Mask Register to level 7).

e Clears bits <RFPO to RFP1> of the Status Register to 00 (thereby selecting Register Bank 0).

When the Reset is released, the CPU starts executing instructions according to the Program
Counter settings. CPU internal registers not mentioned above do not change when the Reset is
released.

When the Reset is accepted, the CPU sets internal I/0, ports and other pins as follows.
o Initializes the internal I/O registers as table of “Special Function Register” in Section 5.

e Sets the port pins, including the pins that also act as internal 1/O, to General-Purpose
Input or Output Port Mode.

When external reset is released, built-in clock doubler begins operation and after the stable time
(1.6384ms @ fosc=10MHz) elapse of the circuit, internal reset is released.

The operation of memory controller cannot be insured until power supply becomes stable after
power-on reset. The external RAM data provided before turning on TMP92CD541 may be spoiled
because the control signals are unstable until power supply becomes stable after power on reset.

TMP92CD54I can initialize all general-purpose ports and CLKOUT setting by reset, even if the
device is not fed DVCC3 voltage to. When RESET = L level, CLKOUT will be initialized to High-z,
but CLKOUT is pulled-up in internal logic. If the device is not fed DVCC3 voltage to, RESET =L
level, CLKOUT will be High-z or pulled-up (H level output).

3.1.3 Setting of TESTO, TEST1, AMO and AM1

Connect TESTO0, TEST1 pin to “GND” to use at NORMAL mode.
Set AMO pin to “0” and set AM1 pin to “1” to use.

Table 3.1.2 Operation Mode Setup Table
Mode Setup input pin
RESET AM1 AMO TEST1 TESTO

Single-chip Mode _/_ 1 0 0 0

Operation Mode
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TOSHIBA TMP92CD54l
3.2 Memory Map

Figure 3.2 is a memory map of TMP92CD541.

000000H - -
Direct area (n)
000100H Internal 1/0
(1 KByte)
000400H o
Internal RAM }:r? area
(32 KByte) (nn)
008400H
010000H A
External memory
Emulator Control Area (Notel)
(64K Byte)
16Mbyte area
F80000H (R)
(-R)
(R+)
512 KB (R + R8/16)
yte
Internal ROM (R + d8/16)
(nnn)
FFFFOOH
FEEFFEH Vector table (256 Byte) F  (Note2)

(:l = Internal area)

Figure 3.2 Memory Map

Notel: The emulator control area is for emulator, it is mapped FOOOOOH to F10000H address after reset.

Note2: Don't use the last 16-byte area (FFFFFOH to FFFFFFH). This area is reserved.

Note3: On emulator WR signal and RD signal are asserted, when emulator control area is accessed. Be careful to
use external memory.

Note4: Since there is a possibility of abnormal writing/reading of the data if Bus width put the different memories in
consecutive address, do not execute an access which is placed on both memories with one command.

92CD54I-11 “””'%5@%‘- 132‘17‘- 4U.com



TOSHIBA

TMP92CD54|

3.3 The Clock Function and Standby Function

3.3.1 Block diagram of system clock

10MHz

(10MHz)

X1 —>
X2 —

High
Frequency
oscC

(32.768

Y

(40MHz)

(PLL) x 4

Clock doubler™? 1 System Clock ‘fc’
> 1/2 Y

_________

20MHz

kHz)

(32.768 kHz)

XT1 >

XT2 —>|

Low frequency

osC

1
—>| 2/5 > ! SEI
16MHz ! '

N For RTC

fs

To generate the external
memory interface timing

_________

14-stage binary counter

*1) Clock-doubler outputs averaging 40MHz clock because it is corrected in clock unit of High Frequency
OSC output (10MHz) though it has the possibility that the tolerance of 1.46ns at 40MHz (reference
data) is included.

Figure 3.3.1 Block Diagram of System clock
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3.3.2 Standby controller

(1) Halt Modes

When the HALT instruction is executed, the operating mode switches to Idle2, Idlel, Idle3 or
Stop Mode, depending on the contents of the CLKMOD<HALTM1,HALTMO> register.

Clock Mode Register

7 6 5 4 3 2 1 0
bit Symbol HALTM1 HALTMO - - - CLKOE CLKM1 CLKMO
CLKMOD .
Read/Write R/W R/W R/W
(010AH) After reset 1 1 - 0 - 0 0 0
Standby mode Fix to “0” CLKoutput |CLK output select
00: IDLE3 enable 00: fc
Function 01: STOP 0: not 01: Reserved
10: IDLE1 output 10: 2/5 fc
11: IDLE2 1: output |11: Reserved

I

I_’ CLK output clock select

00 fc
01 Reserved
10 2/5 fc

11 Reserved

—> CLK output enable
0 | Not output (Pull up)
1 | Output

» Selects standby mode by HALT instruction

00 IDLE3
01 STOP
10 IDLE1
11 IDLE2

Figure 3.3.2 Clock Mode Register
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The subsequent actions performed in each mode are as follows:

(D Idle2: The CPU only is halted.

In Idle2 Mode internal I/O operations can be performed by setting the following registers.

Table 3.3.1 Shows the registers of setting operation during Idle2 Mode.

Table 3.3.1 Shows the registers of setting operation during Idle2 Mode

Internal 1/0

SFR

TIMERO, TIMER1

TRUNO1<I2T01>

TIMER2, TIMER3

TRUN23<I2T23>

TIMER4,TIMERS

TRUN45<12T45>

TIMERG, TIMER7

TRUNG67<I12T67>

TIMERS8 TRUNS8<I2T8>
TIMERA TRUNA<I2TA>
SI00 SCOMOD1<12S0>
SIO1 SC1MOD1<I2S1>
SBIO SBIOBRO<I2SBI0>
SBI1 SBI1BRO<I2SBI1>
SBI2 SBI2BR0O<I2SBI2>
A/D converter ADMOD1<I2AD>
WDT WDMOD<I2WDT>

@ Idlel: Only the oscillator of low and high frequency continue to operate.

@ Idle3: Only the oscillator of low frequency and RTC are operated.

@ Stop: All internal circuits stop operating.

The operation of each of the different Halt Modes is described in Table 3.3.2.

Table 3.3.2 I/O operation during Halt Modes

Halt Mode

Idle2

Idlel

Idle3

Stop

CLKMOD <HALT1:0>

11

10

00

01

Block

CPU

Halt

1/0 ports

Maintain same state as when HALT instruction was executed.‘

See table 3.3.5

8-bit TMR, 16-bit TMR

SIO, SBI

Selectable Stopped
A/D converter See table 3.3.1
WDT
RTC, XT1
CAN, SEI Operational

Interrupt controller

92CD541-14
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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 <IFFO:IFF2> 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 3.3.5.

e C(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 interrupt processed, regardless of the value in
the Interrupt Mask Register.)

However, for INTO only, even 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
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.

e C(learance by Reset
Any Halt state can be cleared by Reset.
When Stop Mode is cleared by RESET signal, sufficient time (at least10ms@foscMHz) must
be allowed after the Reset for the operation of the oscillator and clock doubler 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
re-initialized. (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 3.3.3 Source of Halt state clearance and Halt clearance operation

Status of Received Interrupt _ Interrupt Enabled _ Interrupt D_isabled
(interrupt level) > (interrupt mask) | (interrupt level) < (interrupt mask)
Halt mode Idle2 Idlel | Idle3 | Stop | Idle2 Idlel | Idle3 | Stop
NMI @" @* - - _ _
INTWDT X X x - - - -
INTO ® @"'”? | @17 ) 0 o*7? o*?
8 INTO [MASK] O O ot? | o** O O ot ot
8 INT1 to 7 x x x x x x x
Py INTTO to 7 x x x x x x x
S = | INTTR810 B x x x x x x x
% | 2 | INTTOS8, INTTOA x x x x x x x
© | 8| INTRXOto 1, TXOto 1 x x x x « « «
'S | = | INTCRO, INTCTO, INTCGO x x x x x x x
Fa INTSEMO, EO, RO, TO x x x x x x x
@ INTSBEO, SO, E1, S1, E2, S2 x x x x x x x
S| wmo e | S < | < | x| x x| x .
(% All the above-mentioned interrupts [MASK] X X X X X X X X
INTRTC ]l | e |. . LI N o .o .o | L
INTRTC [MASK] e} O o* x e} e} o* x
RESET

@: After clearing the Halt mode, CPU starts interrupt processing. (RESET initializes the microcont.)

O: 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.
*2: Any WUINT interrupt (WUINTO to WUINT7) generate an INTO interrupt.

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. If level L is set before holding level H, interrupt
processing is not correctly started.

Note 2: When the external interrupts INT5 to INT7 are used during Idle2 Mode, set to 1 for TRUN8<I2T8>
and TRUNA<I2TA>.

(Example - clearing Idlel Mode)
An INTO interrupt clears the Halt state when the device is in Idlel Mode.

Address i

8203H LD (lImMC), 00H ; Selects INTO interrupt rising edge.
8206H LD (INTEOAD), 06H ; Sets INTO interrupt level to 6.
8209H El 5 ; Sets interrupt level to 5 for CPU.
820BH LD (CLKMOD), 80H ; Sets Halt mode to Idlel Mode.

820EH HALT ; Halts CPU.

INTO / \ > INTO interrupt routine
mﬂ
820FH LD XX, XX
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(3) Operation

D 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 3.3.3 illustrates an example of the timing for clearance of the Idle2 Mode Halt state
by an interrupt.

4 fc | ’ \ \
—] 4
A0t023 X NExt K X Nekt+4
] »
Internal
signals ) po to 31 (Data ) % {Data)
RD \ b —
L WR
Clearing interrupt ( /
le— HALT instruction execution sequence —> l«— Interrupt response
sequence
Figure 3.3.3 Timing chart for Idle2 Mode Halt state cleared by interrupt
@ Idlel Mode

In Idlel Mode, only the internal oscillator 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 (i.e. restart of operation) is synchronous with it.

Figure 3.3.4 illustrates the timing for clearance of the Idlel Mode Halt state by an interrupt.

[ fc | «
_ Fd
A0 to 23 X NE Xt (’(’ >( Nekt+4
] »
Internal
signals ) p 16 31 ( Data)) 4 ((Data )
RD \ & —
\  WR 4
Clearing interrupt « 7
»
le—— HALT instruction execution sequence — > le— Interrupt response
sequence

Figure 3.3.4 Timing chart for Idlel Mode Halt state cleared by interrupt
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@ Idle3 Mode

When Idle3 Mode is selected, internal circuits stop including the internal oscillator, except
the oscillator of low frequency and RTC. Pin status in Stop Mode depends on the settings in
the WDMOD<DRVE> register. Table 3.3.5 summarizes the state of these pins in Stop Mode
and Idle3 mode.

After Idle3 Mode has been cleared system clock output starts when the warm-up time and
clock doubler stable time have elapsed, in order to allow oscillation and clock doubler to
stabilize. Figure 3.3.5 illustrates the timing for clearance of the Idle3 Mode Halt state by an

interrupt.

Idle3 mode can only be released by an NMI pin, INTO pin or WUINTO to WUINT7 pins
(generate a INTO interrupt) interrupt, or by reset.

When Idle3 mode is released by other than reset, the system clock starts its output after the
time set by the warm-up counter for the internal oscillation to stabilize. When using reset to
release stop mode, input reset signals long enough for stable oscillation and clock doubler
stable time.

In systems with an external oscillator, the warm-up counter also operates when Idle3 mode
is released. Therefore, such systems also require a warm-up time between input of release
signals and system clock output.

(Note)
- | <> |
fc
_ 1\ |\ " [ _
{( {
fs(32kHz) Operated ”n ’(’( Operated
——— Py pd I —
Internal RTC Programmable (’(’ »§ Programmable
signals< — l | ” ))3 L
A0to23 X Next X [ P <5----1 " X Next+4
| » |
DOto31 - T——F——|~(Data)= === ===+ £ ( Data }
— (¢
k RD \ » 7 ,_
WR 5 §
Clearing interrupt ()() S_\
«— HALT instruction execution sequence —> «— Interrupt response

sequence
(Note); The interrupt processing starts after it completes for Startup time (Tg,) of Oscillator, Warm-up
time and clock doubler stable time period, after releasing HALT (Tg, + 1.6 ms + 1.6 ms).
Please inquire about Startup time (Tg,) to each oscillator manufacturer.

Figure 3.3.5 Timing chart for Idle3 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 WDMOD<DRVE> register. Table 3.3.5
summarizes the state of these pins in Stop Mode and Idle3 mode.

After Stop Mode has been cleared system clock output starts when the warm-up time and
clock doubler stable time have elapsed, in order to allow oscillation and clock doubler to
stabilize. Figure 3.3.6 illustrates the timing for clearance of the Stop Mode Halt state by an
interrupt.

STOP mode can only be released by an NMI pin, INTO pin or WUINTO to WUINT7
pins(generate a INTO interrupt) interrupt , or by reset.

When STOP mode is released by other than reset, the system clock starts its output after the
time set by the warm-up counter for the internal oscillation to stabilize. When using reset to
release stop mode, input reset signals long enough for stable oscillation and clock doubler
stable time.

In systems with an external oscillator, the warm-up counter also operates when STOP mode
is released. Therefore, such systems also require a warm-up time between input of release
signals and system clock output.

And if it released from STOP mode, RTCFC register will be initialized without a RESET
input. Therefore, it is necessary to set up RTCFC register again after releasing from STOP

mode.
(Note)
<—>
( fo | « S"__\ _
| ’ i
A0023 X NExt B ‘ » X Nekt+4
] »
Internal
— (¢
RD \ ()() 4 ’—
L WR « 6
Clearing interrupt « S_\
le— HALT instruction execution sequence —> |«— Interrupt response
sequence

(Note); The interrupt processing starts after it completes for Startup time (Tg,) of Oscillator, Warm-up
time and clock doubler stable time period, after releasing HALT (Tga + 1.6 ms + 1.6 ms).
Please inquire about Startup time (Tg,) to each oscillator manufacturer.

Figure 3.3.6 Timing chart for Stop Mode Halt state cleared by interrupt

Table 3.3.4 Warming-up time and clock doubler stable time after clearance of Stop Mode and Idle3 Mode
(@ fc=20MHz)

Warm-up time 1.6 ms (2"%/fosc)
Clock doubler stable time 1.6 ms (2% /fosc)
fc = 2 Xfosc
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Table 3.3.5 Pin states in Idle3 and Stop Mode
Pin Names /0 <DRVE> =0 | <DRVE> = 1

P00 to 07 Input Mode Invalid

Output Mode Output

DO to D7 High-z
P40 to 47/A0 to 7 Input Mode Invalid

Output Mode High-z | Output
P70,P71,P73 to 75/ Input Mode Invalid
@, m,& to WAIT Output Mode High-z | Output
P72/S12/SCL2 Input Mode Input

QOutput Mode Input I Qutput
PCO to PC5/TIO to TO7 Input Mode Invalid

Output Mode High-z I QOutput
PDO to PD7/TI8 to TOB Input Mode Input

Output Mode High-z | Qutput

WUINTO to 7 Input
PFO to PF7/TXDO0 to RX Input Mode Invalid

Qutput Mode High-z | Qutput
PGO to PG7/ANO to AN7 Input Mode Invalid
PLO to PL3/AN8 to AN11 Input Mode Invalid
PMO to PM4 Input Mode Invalid
/SS to SCK2 Output Mode High-z | Output
PNO to PN6 Input Mode Invalid
ISCKO to SO2&SDA2 Output Mode High-z I Output
NMI Input Input
INTO Input Input
RESET Input Input
AMO, AM1 Input Input
TESTO, TEST1 Input Input
X1 Input Invalid
X2 Output H Level Output
XT1 Input Invalid (STOP)

Operate (IDLE3, RTCFC<XTEN>=1)

XT2 Output H Level Output (STOP)

Operate (IDLE3, RTCFC<XTEN>=1)

CLK Output H level output (CLKMOD<CLKOE>=0)
L level output (CLKMOD<CLKMZ1:0>=00)
H or L level Output (CLKMOD<CLKM1:0>=10)

Input: Input gate in operation. Input voltage should be fixed to “L” or “H” so that input pin stays

constant.
Output: Output state
Invalid: Input pin invalid.

High-z: Output pin High-Impedance.

Note) At RTCFC<XTEN>=1.
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3.4 Interrupts

Interrupts are controlled by the CPU Interrupt Mask Register <IFF2:0> (bits 12 to 14 of the
Status Register) and by the built-in interrupt controller.

TMP92CD54I has a total of 60 interrupts divided into the following five types:

Interrupts generated by CPU: 9 sources
e Software interrupts: 8 sources
e Illegal Instruction interrupt: 1 source

Internal interrupts: 42 sources
e Internal I/O interrupts: 34 sources
e Micro DMA Transfer End interrupts: 8 sources

External interrupts: 9 sources
e Interrupts on external pins (NMI, INTO to INT7)

A fixed individual interrupt vector number is assigned to each interrupt source.

Any one of six levels of priority can also be assigned to each maskable interrupt. Non-maskable
interrupts have a fixed priority level of 7, the highest level.

When an interrupt is generated, the interrupt controller sends the priority of that interrupt to
the CPU. When more than one interrupt are generated simultaneously, the interrupt controller
sends the priority value of the interrupt with the highest priority to the CPU. (The highest priority
level is 7, the level used for non-maskable interrupts.)

The CPU compares the interrupt priority level which it receives with the value held in the CPU
Interrupt Mask Register <IFF2:0>. If the priority level of the interrupt is greater than or equal to
the value in the Interrupt Mask Register, the CPU accepts the interrupt.

However, software interrupts and Illegal Instruction interrupts generated by the CPU are
processed irrespective of the value in <IFF2:0>.

The value in the Interrupt Mask Register <IFF2:0> can be changed using the EI instruction (EI
num sets <IFF2:0> to num). For example, the command EI 3 enables the acceptance of all
non-maskable interrupts and of maskable interrupts whose priority level, as set in the interrupt
controller, is 3 or higher. The commands EI and EI 0 enable the acceptance of all non-maskable
interrupts and of maskable interrupts with a priority level of 1 or above (hence both are equivalent
to the command EI 1).

The DI instruction (sets <IFF2:0> to 7) is exactly equivalent to the EI 7 instruction. The DI
instruction is used to disable all maskable interrupts (since the priority level for maskable
interrupts ranges from 0 to 6). The EI instruction takes effect as soon as it is executed.

In addition to the general-purpose Interrupt Processing Mode described above, there is also a
Micro DMA Processing Mode.

In Micro DMA Mode the CPU automatically transfers data in one-byte, two-byte or four-byte
blocks; this mode allows high-speed data transfer to and from internal and external memory and
internal I/O ports.

In addition, TMP92CD54I also has a software start function in which micro DMA processing is
requested in software rather than by an interrupt.

Figure 3.4.1 is a flowchart showing overall interrupt processing.
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C Interrupt processing )

Micro DMA soft start
request *

* Micro DMA is initiated by

Interrupt apecified Yes
by micro DMA

start vector?

— a write cycle which writes
No to the register DMAR.
Clear interrupt request flag
e
Interrupt vector calue “V” Data transfer by micro
read DMA
Interrupt request F/F clear
v
General-purpose
interrupt PUSH PC Count «— Count—1 Micro DMA processing
processing PUSH SR
SR<IFF2:0> « Level of
accepted
interrupt + 1
INTNEST « INTNEST +1 Yes Clear vector register
Count=0 generating micro DMA
transfer end interrupt
4 No — (INTTCOto 7)

— PC <« (FFFFOOH + V)

7

Interrupt processing N
program

\

RETI instruction

POP SR
POP PC
INTNEST—INTNEST - 1

e )

Figure 3.4.1 Interrupt and micro DMA processing sequence
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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.
However, in the case of software interrupts and Illegal Instruction interrupts generated by the
CPU, the CPU skips steps (a) and (c) and executes only steps (b), (d) and (e).

(a) The CPU reads the interrupt vector from the interrupt controller.
When more than one interrupt with the same priority level have been generated
simultaneously, the interrupt controller generates an interrupt vector in accordance with
the default priority and clears the interrupt requests.
(The default priority is determined as follows: the smaller the vector value, the higher the
priority.)

(b) The CPU pushes the Program Counter (PC) and Status Register (SR) onto the top of the
stack (pointed to by XSP).

(¢) The CPU sets the value of the CPU’s Interrupt Mask Register <IFF2:0> to the priority
level for the accepted interrupt plus 1. However, if the priority level for the accepted
interrupt is 7, the register’s value is set to 7.

(d The CPU increments the interrupt nesting counter INTNEST by 1.

(e) The CPU jumps to the address given by adding the contents of address FFFFOOH + the
interrupt vector, then starts the interrupt processing routine.

On completion of interrupt processing, the RETI instruction is used to return control to the main
routine. RETI restores the contents of the Program Counter and the Status Register from the
stack and decrements the Interrupt Nesting counter INTNEST by 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 an interrupt request is received for an interrupt with a priority level equal to or greater than
the value set in the CPU Interrupt Mask Register <IFF2:0>, the CPU will accept the interrupt.
The CPU Interrupt Mask Register <IFF2:0> is then set to the value of the priority level for the
accepted interrupt plus 1.

If during interrupt processing, an interrupt is generated with a higher priority than the
interrupt currently being processed, or if, during the processing of a non-maskable interrupt
processing, a non-maskable interrupt request is generated from another source, the CPU will
suspend the routine which it is currently executing and accept the new interrupt. When
processing of the new interrupt has been completed, the CPU will resume processing of the
suspended interrupt.

If the CPU receives another interrupt request while performing processing steps (a) to (e), the
new interrupt will be sampled immediately after execution of the first instruction of its interrupt
processing routine. Specifying DI as the start instruction disables nesting of maskable interrupts.

After a reset, initializes the Interrupt Mask Register <IFF2:0> to 111, disabling all maskable
interrupts.

Table 3.4.1 shows TMP92CD54I interrupt vectors and micro DMA start vectors. FFFFOOH to
FFFFEFH (240 bytes) is designated as the interrupt vector area.
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Table 3.4.1 TMP92CD54I interrupt vectors and micro DMA start vectors (1/2)

Eﬁgﬁﬁg Type Interrupt Source and Source of Micro DMA Request | Vector Value Addr\e/zsctrg:er o S'vt“c'friovzt';ﬂtgr
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 [SWI4] instruction 0010H FFFF10H

6 Maskable [SWI5] instruction 0014H FFFF14H

7 [SWI6] instruction 0018H FFFF18H

8 [SWI7] instruction 001CH FFFF1CH

9 NMI: pin input 0020H FFFF20H

10 INTWD: Watchdog Timer 0024H FFFF24H

- Micro DMA - - -

11 INTO: INTO pin input (Note2) 0028H FFFF28H 0AH

12 INT1: INT1 pin input 002CH FFFF2CH 0BH

13 INT2: INT2 pin input 0030H FFFF30H 0CH

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 INT6: INT6 pin input 0040H FFFF40H 10H

18 INT7: INT7 pin input 0044H FFFF44H 11H

19 INTTO: 8-bit timer 0 0048H FFFF48H 12H

20 INTTL: 8-bit timer 1 004CH FFFFACH 13H

21 INTT2: 8-bit timer 2 0050H FFFF50H 14H

22 INTT3: 8-bit timer 3 0054H FFFF54H 15H

23 INTT4: 8-bit timer 4 0058H FFFF58H 16H

24 INTT5: 8-bit timer 5 005CH FFFF5CH 17H

25 INTT6: 8-bit timer 6 0060H FFFF60H 18H

26 INTT7: 8-bit timer 7 0064H FFFF64H 19H

27 INTTRS: 16-bit timer 8 0068H FFFF68H 1AH

28 INTTRO: 16-bit timer 8 006CH FFFF6CH 1BH

29 INTTRA: 16-bit timer A 0070H FFFF70H 1CH

30 Maskable INTTRB: 16-bit timer A 0074H FFFF74H 1DH

31 INTTOS8: 16-bit timer 8 (overflow) 0078H FFFF78H 1EH

32 INTTOA: 16-bit timer A (overflow) 007CH FFFF7CH 1FH

33 INTRXO: Serial receive (Channel 0) 0080H FFFF80H 20H (Note3)
34 INTTXO: Serial transmission (Channel 0) 0084H FFFF84H 21H

35 INTRX1: Serial receive (Channel 1) 0088H FFFF88H 22H (Note3)
36 INTTX1: Serial transmission (Channel 1) 008CH FFFF8CH 23H

37 INTCR: CAN receive 0090H FFFF90H 24H (Note3)
38 INTCT: CAN transmission 0094H FFFF94H 25H (Note3)
39 INTCG: CAN global 0098H FFFF98H 26H (Note3)
40 INTSEM: SEI mode fault error 009CH FFFF9CH 27H (Note3)
41 INTSEE: SEl transfer end / slave error 00AOQH FFFFAQH 28H (Note3)
42 INTSER: SEI receive 00A4H FFFFA4H 29H

43 INTSET: SEI transmission 00A8H FFFFA8H 2AH

44 INTRTC: Read Time Counter 00ACH FFFFACH 2BH

45 (reserved) 00BOH FFFFBOH -

46 INTSBE2: SBI I12CBUS transfer end (Channel 2) 00B4H FFFFB4H 2DH

47 INTSBS2: SBI I2CBUS stop condition (Channel 2) 00B8H FFFFB8H 2EH

48 INTSBEQ: SBI I2CBUS transfer end (Channel 0) 00BCH FFFFBCH 2FH

49 INTSBSO: SBI I2CBUS stop condition (Channel 0) 00COH FFFFCOH 30H

50 INTSBE1: SBI I2CBUS transfer end (Channel 1) 00C4H FFFFC4H 31H
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Table 3.4.2 TMP92CD54I interrupt vectors and micro DMA start vectors (2/2)

Eﬁgﬁﬁg Type Interrupt Source and Source of Micro DMA Request | Vector Value Addr\e/zsctrg:er o g:éovzmgr
51 INTSBS1: SBI I2CBUS stop condition (Channel 1) 00C8H FFFFC8H 32H
52 INTAD: AD conversion end 00CCH FFFFCCH 33H
53 INTTCO: Micro DMA end (Channel 0) 00DOH FFFFDOH 34H
54 INTTC1: Micro DMA end (Channel 1) 00D4H FFFFD4H 35H
55 INTTC2: Micro DMA end (Channel 2) 00D8H FFFFD8H 36H
56 INTTC3: Micro DMA end (Channel 3) 00DCH FFFFDCH 37H
57 Maskable I\ \-11c4: Micro DMA end (Channel 4) 00EOH FFFFEOH 38H
58 INTTC5: Micro DMA end (Channel 5) 00E4H FFFFE4H 39H
59 INTTC6: Micro DMA end (Channel 6) O0E8H FFFFE8SH 3AH
60 INTTC7: Micro DMA end (Channel 7) 00ECH FFFFECH 3BH
- 00FOH FFFFFOH -
to (reserved) : : to
- 00FCH FFFFFCH -

Notel: Micro DMA default priority
If an interrupt request is generated by micro DMA, the interrupt has a higher priority than any other
maskable interrupt (irrespective of default channel priority).

Note2: When standing-up micro DMA, set at edge detect mode.
Note3: Micro DMA processing cannot be applied.

Note4: This table mentions only the start address. Then each vector has 4 bytes.
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3.4.2 Micro DMA processing

In addition to general-purpose interrupt processing, TMP92CD54I also includes a micro DMA
function. Micro DMA processing for interrupt requests set by micro DMA is performed at the
highest priority level for maskable interrupts (level 6), regardless of the priority level of the
interrupt source.

Because the micro DMA function has been implemented with the cooperative operation of CPU,
when CPU is a state of stand-by by HALT instruction, the requirement of micro DMA will be
ignored (pending).

Micro DMA supports 8 channels and can be transferred continuously by specifying the micro
DMA burst function in the following.

(1) Micro DMA operation

When an interrupt request is generated by an interrupt source specified by the Micro DMA
Start Vector Register, the micro DMA triggers a micro DMA request to the CPU at interrupt
priority level 6 and starts processing the request. The eight micro DMA channels allow micro
DMA processing to be set for up to eight types of interrupt at once.

When micro DMA is accepted, the interrupt request flip-flop assigned to that channel is
cleared. Data in one-byte or two-byte or four-byte blocks, is automatically transferred at once
from the transfer source address to the transfer destination address set in the control register,
and the transfer counter is decremented by 1. If the value of the counter after it has been
decremented is not 0, DMA processing ends with no change in the value of the micro DMA
start vector register. If the value of the decremented counter is 0, a Micro DMA Transfer End
interrupt AINTTCO to INTTC?7) is sent from the CPU to the interrupt controller. In addition,
the micro DMA start vector register is cleared to 0, the next micro DMA operation is disabled
and micro DMA processing terminates.

If micro DMA requests are set simultaneously for more than one channel, priority is not
based on the interrupt priority level but on the channel number: the lower the channel
number, the higher the priority (Channel 0 thus has the highest priority and Channel 7 the
lowest).

If an interrupt request is triggered on the interrupt source in use during the interval
between the time at which the micro DMA start vector is cleared and the next setting,
general-purpose interrupt processing is performed at the interrupt level set. Therefore, if the
interrupt is only being used to initiate micro DMA (and not as a general-purpose interrupt),
the interrupt level should first be set to 0 (i.e. interrupt requests should be disabled).

If micro DMA and general-purpose interrupts are being used together as described above,
the level of the interrupt which is being used to initiate micro DMA processing should first be
set to a lower value than all the other interrupt levels. In this case, edge-triggered interrupts
are the only kinds of general interrupts which can be accepted.

Although the control registers used for setting the transfer source and transfer destination
addresses are 32 bits wide, this type of register can only output 24-bit addresses. Accordingly,
micro DMA can only access 16M-bytes (the upper eight bits of a 32-bit address are not valid).

Three micro DMA transfer modes are supported: one-byte transfers, two-byte (one-word)
transfer and four-byte transfer. After a transfer in any mode, the transfer source and transfer
destination addresses will either be incremented or decremented, or will remain unchanged.
This simplifies the transfer of data from I/O to memory, from memory to I/0, from I/O to I/O,
and memory to memory. For details of the various transfer modes, see Section 3.4.2 (4),
Detailed description of the Transfer Mode Register.
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Since a transfer counter is a 16-bit counter, up to 65536 micro DMA processing operations
can be performed per interrupt source (provided that the transfer counter for the source is
initially set to 0000H).

Micro DMA processing can be initiated by any one of 43 different interrupts — the 42
interrupts shown in the micro DMA start vectors in Table 3.4.1 and a micro DMA soft start.
Figure 3.4.2 shows a 2-byte transfer carried out using a micro DMA cycle in Transfer
Destination Address INC Mode (micro DMA transfers are the same in every mode except
Counter Mode). (The conditions for this cycle are as follows: external 8-bit bus, 0 waits, and
even-numbered transfer source and transfer destination addresses).

One state

CLK

[—
(VU VY A W W WA

A0~23 src dst

Figure 3.4.2 Timing for micro DMA cycle

States 1, 2: Instruction fefetch cycle (pretches the next instruction code)
State 3- Micro DMA read cycle

State 4- Micro DMA write cycle

State 5: (The same as in state 1, 2)

(2) Micro DMA operation

TMP92CD54I can initiate micro DMA either with an interrupt or by using the micro DMA
soft start function, in which micro DMA is initiated by a Write cycle which writes to the
register DMAR.

Writing 1 to any bit of the register DMAR causes micro DMA to be performed once. On
completion of the transfer, the bits of DMAR which support the end channel are automatically
cleared to 0.

When a burst is specified by the register DMAB, data is transferred continuously from the
initiation of micro DMA until the value in the micro DMA transfer counter is 0.

Symbol NAME Address 7 6 5 4 3 2 1 0
OMA 1oon | DREQ7 | DREQ6 | DREQS5 | DREQ4 | DREQ3 | DREQ2 | DREQI | DREQO
DMAR RIW
Request | (no RMW)
o | o | o | o | o | o | o | o
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(3) Transfer control registers

The transfer source address and the transfer destination address are set in the following

registers. An instruction of the form LDC cr,r can be used to set these registers.

Channel 0
DMASO
DMADO
DMACO
DMAMO
Channel 7
DMAS7
DMAD7
| DMAC7
DMAM7
8 bits
I 16 bits
32 bits

DMA Source address register 0
DMA Destination address register 0
DMA Counter register 0

| DMA Mode register 0

DMA Source address register 7
DMA Destination address register 7
DMA Counter register 7

DMA Mode register 7
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(4) Detailed description of the Transfer Mode Register

|0, 0,0] | Mode |pmAMOto7

ﬁ!

DMAM[4:0]

Mode Description

Execution time

000zz

Destination INC mode
(DMADn +) < (DMASn)
DMACn <— DMACn-1
if DMACn = 0 then INTTCn

Sstates

001zz

Destination DEC mode
(DMADnN -) — (DMASn)
DMACn <— DMACnh-1
if DMACn = 0 then INTTCn

Sstates

010zz

Source INC mode
(DMADn) < (DMASN +)
DMACn <— DMACnh-1
if DMACn = 0 then INTTCn

Sstates

011zz

Source DEC mode
(DMADn) < (DMASN -)
DMACn — DMACn-1
if DMACn = 0 then INTTCn

Sstates

100zz

Source and Destination INC mode
(DMADnN +) — (DMASN +)
DMACn <~ DMACn-1
If DMACn = 0 then INTTCn

6states

101zz

Source and Destination DEC mode
(DMADR -) < (DMASH -)
DMACn < DMACn-1
If DMACn = 0 then INTTCn

6states

110zz

Destination and Fixed mode
(DMADn) < (DMASN)
DMACn < DMACn-1
If DMACn = 0 then INTTCn

Sstates

111zz

Counter mode
DMASn < DMASn +1
DMACn < DMACn-1
If DMACn = 0 then INTTCn

Sstates

ZZ: 00 = 1-byte transfer
01 = 2-byte transfer
10 = 4-byte transfer
11 = (reserved)

Notel: The execution time is measured at 1states = 50ns (operation @internal 20 MHz)

Note2: n stands for the micro DMA channel number (0 to 7)

DMADnN+/DMASN+: Post-increment (register value is incremented after transfer)
DMADN-/DMASN-: Post-decrement (register value is decremented after transfer)
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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 51 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: when a Reset occurs, when the CPU reads the channel vector of an interrupt it has received,
when the CPU receives a micro DMA request (when micro DMA is set), when a micro DMA burst
transfer is terminated, and when an instruction that clears the interrupt for that channel is
executed (by writting a micro DMA start vector to the INTCLR register).

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). Six 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) is fixed at 7. If more than one interrupt request with a given priority
level are generated simultaneously, 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.

If several interrupts are generated simultaneously, the interrupt controller sends the interrupt
request for the interrupt with the highest priority and the interrupt’s vector address to the CPU.
The CPU compares the mask value set in <IFF2:0> of the Status Register (SR) with the priority
level of the requested interrupt; if the latter is higher, the interrupt is accepted. Then the CPU
sets SR <IFF2:0> to the priority level of the accepted interrupt + 1. Hence, during processing of
the accepted interrupt, new interrupt requests with a priority value equal to or higher than the
value set in SR <IFF2:0> (i.e. interrupts with a priority higher than the interrupt being
processed) will be accepted.

When interrupt processing has been completed (i.e. after execution of a RETI instruction), the
CPU restores to SR<IFF2:0> the priority value which was saved on the stack before the interrupt
was generated.

The interrupt controller also includes eight registers which are 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), enables the corresponding interrupt to be processed by micro DMA processing. The values
must be set in the micro DMA parameter registers (e.g. DMAS and DMAD) prior to micro DMA
processing.
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Figure 3.4.3 Block Diagram of Interrupt Controller
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(1) Interrupt priority setting registers
Symbol NAME Address| 7 | 6 | 5 | 4 3 2 | 1 | o
INTAD INTO (Note)
INTO & INTAD Foh | 1apc | 1aDm2 | 1aDm1 | 1aDmo | 1oc ioM2 | 1om1 | 1omo
INTEOAD
Enable R R/W R R/W
0 o | o | o 0 o | o | o
INT2 INT1
NTEL | INTL&INT2 ooh 12C i2v2 | 12m1 | 12m0 11C M2 | 1M1 | 11mo
Enable R R/W R R/W
0 o | o | o 0 o | o | o
INT4 INT3
NTE34 | INT3&INT4 b 14C 1am2 | 1am1 | 1amo 13C i3v2 | 13m1 | 13m0
Enable R R/W R R/W
0 o | o | o 0 o | o | o
INT6 INT5
NTESs | INT5 & INT6 ooh I6C M2 | 16M1 | 16MO I5C IsM2 | 15M1 | 15MO
Enable R R/W R R/W
0 o | o | o 0 o | o | o
INT?
e | INT? 57h - - - - I7C M2 | v | 17mo
Enable R R/W
- - - [ - 0 o [ o | o
INTT1(Timerl) INTTO(Timer0)
NTEToL |INTTO&INTTL | | ImIC [ ITam2 | mam1 | imamo | 1moc | mom2 | 1tom1 | iTomo
Enable R R/W R R/W
0 o | o | o 0 o | o | o
INTT3(Timer3) INTT2(Timer2)
NTET23 |INTT2&INTTS || im3c [ iTam2 | imsma [ mamo | 1tec | mam2 | mam1 | im2mo
Enable R R/W R R/W
0 o | o | o 0 o | o | o
INTT5(Timer5) INTT4(Timer4)
NTETas | NTT4&INTTS || IT5C | IT5M2 | itsm1 | imsmo | imac | mam2 | mami | imamo
Enable R R/W R R/W
0 o | o | o 0 o | o | o
INTT7(Timer7) INTT6(Timer6)
NTETe? |INTTE&INTTZ | | 1T7C [ 1T7m2 | m7ma | irzmo | imec | imem2 | item1 | iTemo
Enable R R/W R R/W
0 o | o | o 0 o | o | o
INTTRS INTTR9(Timer8) INTTR8(Timer8)
INTETS9 | & INTTRO oen |Toc | rmom2 [ itoms | momo | irsc | itsm2 | imsm1 | 1T8mo
R RIW R RIW
Enable
0 o | o | o 0 o | o | o
NTTRA INTTRB(TimerA) INTTRA(TimerA)
INTETAB | & INTTRE o |_TBC | ITBM2 | irem1 | itBmo | itac | imam2 [ mam1 | iTamo
R RIW R RIW
Enable
0 o | o | o 0 o | o | o
INTTOS INTTOA INTTO8
NTETOgA | & INTTOA oan |ITOAC | ImoAm2 | Toam1 | iToamo | 1Tosc | irosmz2 | Itosmi | iTosmo
(Overflow) R R/W R R/W
Enable 0 o | o | o 0 o | o | o

Note: When any bit of WUPMASK<WMK7:0> is set to 1, INTO will be disabled. Using INTO, set WUPMASK<WMK7:0>

to “00H".
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Symbol NAME Address | 7 6 | 5 | 4 3 2 | 1 | o
INTTXO INTRXO
INTRXO & INTTXO ITX0C [ ITX0M2 | ITXOM1 | ITXOMO | IRXOC [ IRXOM2 | IRXOM1 | IRXOMO
INTESO DBh
Enable R RIW R RW
0 o | o | o 0 o | o | o
INTTX1 INTRX1
INTRX1 & INTTX1 ITX1C [ 1ITXaM2 [ 1ITXIM1 [ ITX1M0 | IRX1C [IRXIM2 [ IRXIM1 [ IRX1IMO
INTES1 DCh
Enable R R/W R R/W
0 0 | 0o | o 0 o | o | o
INTCT INTCR
inTECRT |INTCR & INTCT boh  ICTC ICTM2 | ICTM1 | ICTMO | ICRC [ ICRM2 | ICRM1 | ICRMO
Enable R R/W R R/W
0 o | o [ o 0 o | o | o
INTCG
INTCG - - - T - IcGC | IcGm2 | IcGM1 | ICGMO
INTECG | £ able DEh R RIW
- - - T - 0 o [ o [ o
INTSEEO INTSEMO
INTSEMO & Iseeoc |1seEoM2 | 1SEEOM1 | ISEEOMO | 1SEMOC [ISEMOM2 [ ISEMOM1 [ ISEMOMO
INTESEEO | |\ TSEEQ Enable DFh R RIW R RIW
0 o | 0 | o 0 o | o | o
INTSETO INTSERO
INTSERO & ISETOC | ISETOM2 | ISETOM1 I ISETOMO | ISEROC | ISEROM2 | ISEROM1 | ISEROMO
INTESEDO | |\ 7SETO Enable EON R RIW R RIW
0 o | o | o 0 o | o | o
INTRTC
INTERTC | INTRTC Enable E1h - - -1 - IRTCC | IRTCM2 | IRTCM1 | IRTCMO
R R/W
- - 1 - [ - 0 o [ o | o
INTSBS2 INTSBE2
INTESB2 INTSBE2 & INTSBS2 E2h ISBS2C | ISBS2M2 | ISBS2M1 | ISBS2MO | ISBE2C | ISBE2M2 | ISBE2M1 | ISBE2MO
Enable R R/W R R/W
0 o [ o | o 0 o [ o | o
INTSBSO INTSBEO
INTESBO INTSBEO & INTSBSO E3h ISBSOC | ISBSOM2 | ISBSOM1 I ISBSOMO | ISBEOC | ISBEOM2 | ISBEOM1 | ISBEOMO
Enable R R/IW R R/W
0 o [ o | o 0 o [ o | o
INTSBS1 INTSBEL
INTESB1 INTSBE1 & INTSBS1 E4h ISBS1C | ISBS1M2 | ISBS1M1 | ISBS1IMO | ISBE1C | ISBE1M2 | ISBE1IM1 | ISBE1IMO
Enable R R/W R R/W
0 o | o | o 0 o | o | o
INTTC1(DMA1) INTTCO(DMAO)
wreTcor INTTCo & INTTeL | Fin |TCLC ITCiM2 [ 1ITCaM1 [ ITcimo | ITcoc | ITcom2 [ ITcom1 | ITComMo
R RIW R RIW
Enable
0 o [ o [ o 0 o [ o [ o
INTTC3(DMA3) INTTC2(DMA2)
NTETC23 |INTTC2&INTTC3 | | ITC3C ITcam2 [ 1ITcam1 [ 1ITeamo | ITcac [ iTcam2 [ 1ITcaml [ 1ITcamo
Enable R R/W R R/W
0 o | o | o 0 o | o [ o
INTTC5(DMAS5) INTTC4(DMA4)
TETess [INTTCa & INTTCS | Fan  |TC5C ITC5M2 [ 1ITC5M1 | ITC5MO | ITC4C | ITCAM2 [ ITC4AM1 | ITC4AMO
R RIW R RIW
Enable
0 o | o [ o 0 o | o [ o
INTTC7(DMA?7) INTTC6(DMAG)
INTTC6 & INTTC7 iTc7c | ircrm2 [itcrma [itcrmo | itesc [ imcem2 | itcemi | itcemo
INTETC67 Fah
Enable R R/W R R/W
0 o | o | o 0 o | o | o
92CD541-33 wriveBatashestdl.com
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Symbol NAME Address 7 6 5 4 3 2 | 1 | 0
NMI & NMI INTWD
INTNMWDT| INTWD F7h INMIC - - - IWDC - - -
Enable R R
0 - - - 0 - ] ]

Interrupt request flag

IXxM2 | LxxM1 | 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

Note: After executing DI command previously, the setting value of “Interrupt priority setting register” should

change.

(2) External interrupt control

Symbol NAME Address 7 6 5 4 3 2 1 0
- - - - - IOLE NMIREE
R/W
- - - - - 0 0
Interrupt F6H INTO mode |NMI mode
IIMC Input Mode 0:ed ‘Falli
(no RMW) ‘eage 0:Falling
Control mode edge
1:level 1:Falling &
mode rising
edges

INTO Level Enable

0 Rising edge detect INT P
Y
1 “H’level INT
NMI rising edge Enable
0 INT request generation at falling edge
1 INT request generation at rising and falling edge
Note 1 : Disable INTO request before changing INTO pin mode from level-sense to edge-sense.
Then, execute El instruction after waiting 3-cycles (3 times NOP instruction).
Setting example:
DI ; Disable interrupts
LD (IIMC), XXXXXX0-B ; Switches from level to edge.
LD (INTCLR), OAH ; Clears interrupt request flag.
NOP ; Wait 3-cycles
NOP
NOP
El ; Enable interrupts
Note: X = Don't care; “-“ = No change.
Note 2 : See electrical characteristics in section 4 for external interrupt input pulse width.
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Table 3.4.2 Settings of External interrupt Pin Function

Interrupt | Pin name Mode Setting method
_ - “X_  FalingEdge |IIMC<NMIREE> =0
NMI NMI i
N E?s”ul:g égges IMC<NMIREE> = 1
—f RisingEdge |/IMC<IOLE> =0
INTO INTO
TJ°U  HighLevel |lIIMC<IOLE>=1
INT1 PCO _4&  Rising Edge -
INT2 PC2 —4  Rising Edge -
INT3 PC3 4 Rising Edge -
INT4 PC5 — Rising Edge -
INTS P00 —f Rising Edge |TMOD8<CAP89M1:0> = 0,0 or 0,1 or 1,1
"X Falling Edge |TMOD8<CAP89M1:0>=1,0
INT6 PD1 _4  Rising Edge -
INT7 . £ Rising Edge |TMODA<CAPABM1:0>=0,0 or 0,1 0r 1,1
"X Falling Edge |TMODA<CAPABM1:0>=1,0
T\ A FRalingand 1\yoM0D<wMDO> = 0
Rising Edges
WUINTO | PDO " N_  Falling Edge |WUPMOD<WMDO> = 1 and WUPEDGE<WEDO> = 0
7 Rising Edge |WUPMOD<WMDO> = 1 and WUPEDGE<WEDO> = 1
Falling and _
T\ Rising Edges | VUPMOD<WMD1> =0
WUINTL1 | PD1 "\ Falling Edge |WUPMOD<WMD1> = 1 and WUPEDGE<WED1> = 0
7 RisingEdge |WUPMOD<WMD1> = 1 and WUPEDGE<WED1> = 1
NS El".?g SQS o |WUPMOD<WMD2> = 0
WUINT2 | PD2 " N__  Falling Edge |WUPMOD<WMD2> =1 and WUPEDGE<WED2> =0
— 7 RisingEdge |WUPMOD<WMD2> = 1 and WUPEDGE<WED2> = 1
Falling and _
i, Rising Edges | WUPMOD<WMD3> =0
WUINT3 | PD3 " N_  Falling Edge |WUPMOD<WMD3> = 1 and WUPEDGE<WED3> = 0
_ 7/ RisingEdge |WUPMOD<WMD3> =1 and WUPEDGE<WED3> = 1
NS E?S"'i'r?g Egges WUPMOD<WMD4> = 0
WUINT4 | PD4 ~ N__  Falling Edge |WUPMOD<WMDA4> =1 and WUPEDGE<WED4> = 0
—7  RisingEdge |WUPMOD<WMD4> = 1 and WUPEDGE<WED4> = 1
NS E?S"'i'r?g Egges WUPMOD<WMD5> = 0
WUINT5 | PD5 TN Falling Edge |WUPMOD<WMD5> =1 and WUPEDGE<WED5> = 0
7 Rising Edge | WUPMOD<WMD5> = 1 and WUPEDGE<WEDS> = 1
NS E?S"'i'r?g Egges WUPMOD<WMD6> = 0
WUINT6 | PD6 T \__  Falling Edge |WUPMOD<WMD6> = 1 and WUPEDGE<WED6> = 0
_ 7/ RisingEdge |WUPMOD<WMD6> = 1 and WUPEDGE<WED6> = 1
\_/— Fallingand \y,o00pamMD7> = 0
Rising Edges
WUINT7 PD7 T\__  Falling Edge |WUPMOD<WMD7> =1 and WUPEDGE<WED7> =0
S Rising Edge |WUPMOD<WMD7> =1 and WUPEDGE<WED7>=1
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(3) Interrupt request flag clear register

The interrupt request flag is cleared by writing the appropriate micro DMA start vector, as given
in Table 3.4.1, to the register INTCLR.
For example, to clear the interrupt flag INTO, perform the following register operation after
execution of the DI instruction.

INTCLR <« OAH ; Clears interrupt request flag INTO.

Symbol NAME Address 7 6 5 4 3 2 1 0
Interrupt W
INTCLR | Clear Fs;w
control (no ) 0 0 0 0 0 0 0 0
Interrupt Vector

(4) Micro DMA start vector registers

These registers assign an interrupt source which makes a micro DMA processing start. 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.)
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Symbol | NAME | Address 7 6 5 | 4 | 3 | 2 | 1 | o
DMADOQ Start Vector
DMAD 100h - - DMAOV5 | DMAOV4 | DMAOV3 ’ DMAOV2 | DMAOV1 | DMAOVO
DMAOQV | Start
Vector (no RMW) RIW
o | o | o | o | o | o
DMAL Start Vector
DMAL 101h - - DMA1V5 | DMA1V4 | DMA1V3 \ DMA1V2 | DMA1V1 | DMA1VO
DMAL1V | Start
Vector (no RMW) RIW
o | o | o | o | o | o
DMAZ2 Start Vector
DMA2 102h - - DMA2V5 | DMA2V4 | DMA2V3 ’ DMA2V2 | DMA2V1 | DMA2V0
DMA2V | Start
Vector (no RMW) RIW
o | o | o | o | o | o
DMAS3 Start Vector
DMA3 103h - - DMA3V5 | DMA3V4 | DMA3V3 \ DMA3V2 | DMA3V1 | DMA3V0
DMA3V | Start
Vector (no RMW) RIW
o | o | o | o | o [ o
DMA4 Start Vector
DMA4 104h - - DMA4V5 | DMA4V4 | DMA4V3 ’ DMA4V2 | DMA4V1 | DMA4V0
DMA4V | Start
Vector (no RMW) RIW
o | o | o | o [ o | o
DMADS Start Vector
DMAS 105h - - DMA5V5 | DMA5V4 | DMA5V3 \ DMA5V2 | DMA5V1 | DMA5VO
DMAS5V | Start
Vector (no RMW) RIW
o | o | o | o | o [ o
DMAG Start Vector
DMAB 106h - - DMAGV5 | DMA6V4 | DMA6V3 ’ DMAGBV2 | DMAGV1 | DMAGVO
DMAGV | Start
Vector (no RMW) RIW
o | o | o | o | o | o
DMAY Start Vector
DMA7 107h - - DMA7V5 | DMA7V4 | DMA7V3 \ DMA7V2 | DMA7V1 | DMA7V0
DMA7V | Start
Vector (no RMW) RIW
o | o ] o | o | o | o

(5) Specification of a micro DMA burst
Specifying the micro DMA burst function causes micro DMA transfer, once started, to continue
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
omag | DMA 108h DBST7 | DBST6 | DBSTS DBST4R/WDBST3 DBST2 | DBST1 | DBSTO
Burst (no RMW)
0 0 0 0 0 0 0 0

95CDEAI37 'ﬂww%ﬁpﬁldb.mm



TOSHIBA TMP92CD54l

(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, 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 0004H and jump to interrupt vector address FFFF04H.

To avoid this, an instruction which clears an interrupt request flag should always be preceded by
a DI instruction.

In addition, please note that the following two circuits are exceptional and demand special
attention.

INTO 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. If the interrupt input mode is
changed from Edge Mode to Level Mode, the interrupt request flag is
cleared automatically.

If the CPU enters the interrupt response sequence as a result of

INTO going from 0 to 1, INTO must then be held at 1 until the interrupt
response sequence has been completed. If INTO is set to Level Mode
S0 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 O before 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 request flags must be cleared using the following sequence.
Also El instruction should be execuse after waiting 3-cycle.

DI

LD (lIIMC), 00H ; Switches from level to edge.
LD (INTCLR), OAH ; Clears interrupt request flag.
NOP ; Wait 3-cycle

NOP

NOP

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 an
instruction.

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

INTO: 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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3.4.4 Interrupt Mask register

TMP92CD541 has Interrupt Mask registers. Unlike Interrupt priority register, Interrupt mask
register only disables or enables interrupts. An interrupt will not be generated, if the interrupt is
disabled by Interrupt mask register, even if the interrupt has been enabled by setting Interrupt
priority register. One, two or more interrupt factors can be prohibited synchronous by setting of
Interrupt Mask register.

After reset, all bits in Interrupt mask register are initialize 1 (enabled interrupts). It is necessary to
write 0 in the corresponding bit in case of making interrupt Mask register to prohibit interrupt.

Internal 1/O & external interrupts (except NMI, INTWD, INTTCO to 7)

TMR SIO 1’c CAN

eecccoccccnee

> 5
Interrupt Signals ’ =
Interrupt Mask registers
Z N\ é?
| Data Bus |
| Address Bus |
Figure 3.4.4 Block Diagram of Interrupt Mask Control
Symbol NAME | Address 7 6 5 4 3 2 1 0
MKI7 MKI16 MKI5 MKI4 MKI3 MKI2 MKI1 MKI0
Interrupt RIW
INTMKO | Mask E5H L L L L L L L L
Control 0 INT7 INT6 INT5 INT4 INT3 INT2 INT1 INTO
0: Mask 0: Mask 0: Mask 0: Mask 0: Mask 0: Mask 0: Mask 0: Mask
1: Enable | 1: Enable | 1: Enable | 1: Enable | 1: Enable | 1: Enable | 1: Enable | 1: Enable
MKIT7 MKIT6 MKIT5 MKIT4 MKIT3 MKIT2 MKIT1 MKITO
Interrupt RIW
INTMK1 | Mask E6H L 1 L L L L 1 1
Control 1 INTT7 INTT6 INTTS INTT4 INTT3 INTT2 INTT1 INTTO
0: Mask 0: Mask 0: Mask 0: Mask 0: Mask 0: Mask 0: Mask 0: Mask
1: Enable | 1: Enable | 1: Enable | 1: Enable | 1: Enable | 1: Enable | 1: Enable | 1: Enable
- MKIRTC MKITOA MKITO8 MKITRB MKITRA MKITR9 MKITR8
Interrupt RIW
INTMK2 | Mask E7H - 1 1 1 1 1 1 1
Control 2 INTRTC INTTOA INTTO8 INTTRB INTTRA INTTR9 INTTR8
0: Mask 0: Mask 0: Mask 0: Mask 0: Mask 0: Mask 0: Mask
1: Enable | 1: Enable | 1: Enable | 1: Enable | 1: Enable | 1: Enable | 1: Enable
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Symbol NAME | Address 7 6 5 4 3 2 1 0
- MKICG MKICT MKICR MKITX1 MKIRX1 MKITXO0 MKIRXO
Interrupt RIW
INTMK3 | Mask E8H - L L L L L L L
Control 3 INTCG INTCT INTCR INTTX1 INTRX1 INTTXO INTRXO

0: Mask 0: Mask 0: Mask 0: Mask 0: Mask 0: Mask 0: Mask
1: Enable | 1: Enable | 1: Enable | 1: Enable | 1: Enable | 1: Enable | 1: Enable

- - - - MKISETO | MKISERO | MKISEEO | MKISEMO

Interrupt RIW
INTMK4 | Mask E9H - - - - L L 1 1
Control 4 INTSET INTSER INTSEE INTSEM
0: Mask 0: Mask 0: Mask 0: Mask
1: Enable | 1: Enable | 1: Enable | 1: Enable
- MKISBS2 | MKISBE2 MKIAD MKISBS1 | MKISBE1 | MKISBSO | MKISBEO
Interrupt RIW
INTMK5 | Mask EAH - L 1 1 L 1 L L
Control 5 INTSBS2 | INTSBE2 | INTAD INTSBS1 | INTSBE1 | INTSBSO | INTSBEO
0: Mask 0: Mask 0: Mask 0: Mask 0: Mask 0: Mask 0: Mask
1: Enable | 1: Enable | 1: Enable | 1: Enable | 1: Enable | 1: Enable | 1: Enable
Maskable bit for INTAD request —

0 | INTAD is disabled
1 [ INTAD is enabled

Note: Port DO, D1 and D4 have 2 kinds of interrupt source (PDO:INTS5/WUINTO, PD1:INT6/WUINT1, PD4:INT7/WUINT4).
If both interrupt requests are generated in both interrupt enabled status, both interrupt processing will be
executed. When any of these inter