TOSHIBA TMP95CS54

CMOS 16-Bit Microcontrollers
TMP95CS54F

1.  Outline and Features

The TMP95CS54 is a high-speed 16-bit microcontroller designed for the control of various mid- to
large-scale equipment.

The TMP95CS54 comes in a 100-pin flat package.

Listed below are the features of the TMP95CS54.

(1) High-speed 16-bit CPU (900/H CPU)
e Instruction mnemonics are upward-compatible with the TLCS-90/900
e 16 Mbytes of linear address space
e  General-purpose registers and register banks

e  16-bit multiplication and division instructions; bit transfer and arithmetic instructions

e  Micro DMA : Four-channels (667 ns/2 bytes at 24 MHz)
(2) Minimum instruction execution time : 167 ns (at 24 MHz)

(3) Built-in RAM : 2 Kbytes
Built-in ROM : 64 Kbyte

RESTRICTIONS ON PRODUCT USE

030619EBP

e The information contained herein is subject to change without notice.

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 patent or patent rights of TOSHIBA or others.

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..

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.

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

e TOSHIBA products should not be embedded to the downstream products which are prohibited to be produced and
sold, under any law and regulations.

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.
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(4) External memory expansion

e Expandable up to 16 Mbytes (shared program/data area)
e External data bus width select pin (AMS8/16)

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

(5) 8-bit timers : 8 channels

e  With event counter function : 2 channels
(6) 16-bit timer/event counter : 2 channels
(7) General-purpose serial interface : 2 channels
(8) Serial Expansion Interface : 1 channel
(99 CAN Controller : 1 channel
(10) 10-bit AD converter : 8 channels
(11) Watchdog timer
(12) Bus width/wait controller : 4 blocks

(13) Interrupts : 47 interrupts
e 9 CPU interrupts : Software interrupt instruction and illegal instruction
e 28internal interrupts : Seven selectable priority levels

e 10 external interrupts : Seven selectable priority levels
(14) Input/output ports : 81 pins
(15) Standby mode

e  Four HALT modes : RUN, IDLEZ2, IDLE1, STOP
(16) Operating voltage

e Vcc=47t053V

(17) Package
¢ P-LQFP100-1414-0.50D
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ANO to AN2 (PAO to PA2) 900/H CPU -1 vcc[[3]]
AN3/ADTRG (PA3 ~<—— VSS [5
AN4 to AN7 (PA4 to(PA7; 10-BIT 8CH X\évé ZB)V é\ X1
AvCC AD XHL H[T osc X2
AVSS CONVERTER & X ———> (CLKOUT) P57
VREFH Xiz Z —T > CK
VREFL SP SP_| ~——— AMS8/16
<— 32-bit —>» — EA
[ IF] oIl - T
PC E
WATCH DOG PORT 0 DO to D7
TIMER (P00 to P07)
TxDO (P80)
RxDO (P81) SERIAL I/O PORT 1 D8to D15
SCLKO/CTSO0 (P82) (CH.0) (P10to P17)
TxD1 (P83) PORT 2 A1610 A23
RxD1 (P84) SERIAL I/O (P20 to P27)
SCLK1/CTST (P85) (CH. 1) » KB RAM
PORT 3 A8t0A15
S5 (P60) (P30to P37)
MOSI (P61) SEI
MISO (P62) PORT 4 A0 to A7
SCLK (P63) (P40 to P47)
Tx (P86) CAN RD (P50)
Rx (P87) WR (P51)
PORT 5 HWR (P52)
TIO/INT1 (P70) 8(I?rI|Tv|TE|RAg)R BUSRQ (P53)
BUSAK (P54)
TO1 (P71) 8BIT TIMER
(TIMER 1) BUS WIDTH
/WAIT WAIT (P55
8(%'|TV,T,:.' 'l‘{'zE)R CONTROLLER (P35)
TO3/INT2 (P72) 8BIT TIMER o
(TIMER 3) 64 KB ROM INTERRUPT NMI
CONTROLLER INTO (P56)
TI4/INT3 (P73) 8BIT TIMER
(TIMER 4)
TI8/INT5 (P90)
TO5 (P74) 8(%/‘ TEII‘;/ISE)R 16BIT TIMER TI9/INT6 (P91)
(TIMER 8) TO8 (P92)
8(!'3I'IITVI TEIa/I g)R TO9 (P93)
T | AT 020
T 4(p7 8BIT TIMER TIMER
07/INT4 (P75) BT TImE ( 9 TOA/TOB (P96)

Note: After areset, functionsin parentheses ( ) are selected for the shared pins.

Figure 1.1 TMP95CS54 Block Diagram
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2,

Pin Assignment and Pin Functions

This section shows the TMP95CS54 pin assignment, and the names and an outline of the

functions of the input/output pins.

2.1 Pin Assignment Diagram

Figure 2.1.1 is the pin assignment diagram for the TMP95CS54.
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Figure 2.1.1 Pin Assignment Diagram (100-Pin LQFP)
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2.2 Pin Names and Functions

Table 2.2.1 shows the names and functions of the input/output pins.

Table 2.2.1 Pin Names and Functions (1/4)

Pin Name Noirgiair Input/Output Function

POO to P07 8 Input/output | Port 0: 1/0 port. Input or output specifiable in units of bits

/D0 to D7 Input/output | Data: Data bus0to 7

P10to P17 8 Input/output | Port 1: 1/O port. Input or output specifiable in units of bits

/D81to D15 Input/output | Data: Data bus8to 15

P20 to P27 8 Input/output [ Port 2: 1/0 port. Input or output specifiable in units of bits

/A16to A23 Output | Address: Address bus 16 to 23

P30 to P37 8 Input/output | Port 3: 1/O port. Input or output specifiable in units of bits

/A8 to A15 Output | Address: Address bus 8to 15

P40 to P47 8 Input/output | Port 4: 1/0 port. Input or output specifiable in units of bits

/A0 to A7 Output | Address: Address bus0to 7

P50 1 Output | Port 50: Output-only port

/RD Output | Read: Outputs strobe signal to read external memory (setting P5
<P50> =0 and P5FC <P50F> =1 outputs strobe signal at all read
timings)

P51 1 Output | Port 51: Output-only port.

/WR Output | Write: Outputs strobe signal to write data on pins DO to D7

P52 1 Input/output | Port 52: 1/0 port (with built-in pull-up resistor)

/HWR Output | Upper write: Outputs strobe signal to write data on pins D8 to D15

P53 1 Input/output [ Port 53: I/O port (with built-in pull-up resistor)

/BUSRQ Input | Bus request: Input pin to request external bus release

P54 1 Input/output [ Port 54: 1/0 port (with built-in pull-up resistor)

/BUSAK Output | Bus acknowledge: Output pin to acknowledge that CPU received
BUSRQ and released external bus.

P55 1 Input/output | Port 55: 1/0 port (with built-in pull up resistor)

/WAIT Input | Wait: Buswaitrequestpinfor CPU (Effectivewhen 1WAIT + N mode,
or0 + NWAITmode. Setusing bus width/waitcontrol register.)

P56 1 Input/output | Port 56: 1/0 port (with built-in pull-up resistor)

/INTO Input | Interrupt request pin 0: Interrupt request pin with programmable
level/rising edge. S

95CS54-5
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Table 2.2.1 Pin Names and Functions (2/4)

Pin Name ’\:::cr;i?\esr Input/Output Function
P57 1 Output | Port 57: Output-only port (with built-in pull-up resistor)
/CLKOUT Output | CLKOUT output: Outputs external clock divided by 6.
Pulled up during reset.
P60 1 Input/output [ Port 60: I/0O port
/SS Input | SEl slave select input
P61 1 Input/output [Port61: I/O port
/MOSI Input/output | SEI master output, slave input
P62 1 Input/output | Port 62: 1/0 port
/ MISO Input/output | SEI master input, slave output
P63 1 Input/output | Port 63: 1/0O port
/SCLK Input/output | SEl clock input/output
P70 1 Input/output | Port 70: 1/O port
/TIO Input [ Timerinput 0: Input pin for timer 0
/INT1 Input | Interrupt request pin 1: Rising-edge interrupt request pin  _#
P71 1 Input/output | Port 71: I/O port.
/TO1 Output | Timer output 1: Output pin fortimerQor 1
P72 1 Input/output | Port 72: 1/0 port
/TO3 Output | Timer output 3: Output pin for timer2 or 3
/INT2 Input | interrupt request pin 2: Rising-edge interrupt request pin  _f
P73 1 Input/output | Port 73: 1/0 port
/T4 Input | Timerinput 4: Input pin for timer 4
/INT3 Input | Interrupt request pin 3: Rising-edge interrupt request pin  _£4
P74 1 Input/output | Port 74: 1/0O port
/TO5 Output | Timer output 5: Output pin fortimer4or5
P75 1 Input/output | Port 75: 1/0O port
/TO7 Output | Timer output 7: Output pin for timer6 or7
/INT4 Input | Interrupt request pin 4: Rising-edge interrupt requestpin  _#
P80 1 Input/output | Port 80: 1/0 port (with built-in pull-up resistor)
/TxD0O Output | Serial transmission data 0
P81 1 Input/output | Port 81: 1/0 port (with built-in pull-up resistor)
/RxDO Input | Serial receive data 0
P82 1 Input/output | Port 82: 1/O port (with built-in pull-up resistor)
/SCLKO Input/output | Serial clock input/output 0
/ CTSO Input | Serial data ready to send 0 (Clear-to-send)
95CS54-6 2005-05-10
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Table 2.2.1 Pin Names and Functions (3/4)

Number

Pin Name of Pins Input/Output Function

P83 1 Input/output | Port 83: 1/0 port (with built-in pull-up resistor)

/TxD1 Output | Serial transmission data 1

P84 1 Input/output | Port 84: 1/0 port (with built-in pull-up resistor)

/RxD1 Input | Serial receive data 1

P85 1 Input/output | Port 85: 1/0 port (with built-in pull-up resistor)

/SCLK1 Input/output | Serial clock input/output 1

/CTST Input | Serial data ready to send 1 (Clear-to-send)

P86 1 Input/output | Port 86: 1/0 port (with built-in pull-up resistor)

/Tx Output | CAN transmission data

P87 1 Input/output | Port 87: 1/0 port (with built-in pull-up resistor)

/Rx Input | CAN receive data

P90 1 Input/output | Port 90: I/O port

/TI8 Input | Timer input 8: Input pin for timer 8

/INT5 Input | Interrupt request pin 5: Interrupt request pin with programmable
rising/falling edge £ L

P91 1 Input/output | Port91: I/O port

/TI9 Input | Timer input 9: Input pin for timer 8

/INT6 Input | Interrupt request pin 6: Rising edge interrupt request pin S

P92 1 Input/output | Port 92: I/0 port

/TO8 Output | Timer output 8: Output pin for timer 8

P93 1 Input/output | Port 93: 1/0 port

/TO9 Output | Timer output 9: Output pin for timer 8

P94 1 Input/output | Port 94: 1/0 port

/TIA Input | Timer input A: Input pin for timer 9

/INT7 Input | Interrupt request pin 7: Interrupt request pin with programmable
rising/falling edge RS

P95 1 Input/output | Port 95: 1/0 port

/TIB Input | Timer input B: Input pin for timer 9

/INT8 Input | Interrupt request pin 8: Rising edge interrupt request pin e

P96 1 Input/output | Port 96: 1/0 port

/TOA Output | Timer output A: Output pin for timer 9

/TOB Output | Timer output B: Output pin for timer 9

PAO to PA2 3 Input | Port A0 to A2: Input-only port

/ ANO to AN2 Input | Analog input 0 to 2: AD converter input pins

PA3 1 Input | Port A3: Input-only port

/AN3 Input | Analog input 3: AD converter input pin

/ADTRG Input | External start trigger

95CS54-7
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Table 2.2.1 Pin Names and Functions (4/4)

Number

Pin Name of Pins Input/Output Function
PA4 to PA7 4 Input | Port A4 to A7: Input-only port
/ AN4 to AN7 Input [ Analog input 4to 7: AD converter input pins
NMIT 1 Input | Non-maskable interrupt request pin: Interrupt request pin with
programmable falling edge or both falling and rising edge
I
CLK 1 Output | Clock output: Outputs external clock divided by 4.
Pulled up during reset.
EA 1 Input | External access: Connectto VCC.
AMS8 /16 1 Input | Address mode: External data bus width select pin
Connect this pin to VCC. Data bus width at external access can be
set by bus width/wait control register.
RESET 1 Input | Reset: Initializes TMP95CS54 (with built-in pull-up resistor)
VREFH 1 Input | Reference voltage input pin for AD converter (high)
VREFL 1 Input | Reference voltage input pin for AD converter (low)
AVCC 1 Power supply pin for AD converter: Connect to power supply
AVSS 1 GND pin for AD converter: Connect to GND
X1/X2 2 Input/output | Oscillator connecting pin
VCC 3 Power supply pin: Connect all VCC pins to power supply
VSS 5 GND pin: Connect all VSS pins to GND (0 V)

Note: Disconnect the pull-up resistors from pins other than RESET pin by software.

P57 and CLK pin are pulled-up only during reset.’

95CS54-8
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3. Operation

The following is a block-by-block description of the functions and basic operation of the
TMP95CS54.

Notes and restrictions for each block are outlined in “7, Use Precautions and Restrictions” at the
end of this manual.

3.1 CPU

TMP95CS54 incorporates a high-performance 16-bit CPU (900/H-CPU). For CPU operation,
see the section dealing with the TLCS-900/H CPU.

The following describes the unique functions of the CPU used in the TMP95CS54; these
functions are not covered in the TLCS-900/H CPU section.

3.1.1 Reset

When resetting the TMP95CS54 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 to low level for at least 10 system clocks (ten states:
0.83 us at 24 MHz).

When the reset is accepted, the CPU:

e Sets as follows the program counter (PC) in accordance with the reset vector stored at
address FFFFOOH - FFFFO2H:
PC (7:0) «— value at FFFFOOH address
PC (15:8) « value at FFFFO1H address
PC (23:16) <« value at FFFF02H address

e  Sets the stack pointer (XSP) to 100H.

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

e Sets the <MAX> bit of the status register to 1 (MAX mode).
(Note: As this product does not support a MIN mode, do not write 0 to <MAX>.)

e  Clears bits <RFP2:0> of the status register 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 reset is released.

When the reset is accepted, the CPU sets internal I/0, ports, and other pins as follows.

e Initializes the internal I/O registers.

e Sets the port pins, including the pins that also act as internal I/0, to general-purpose
input or output port mode.
e  Pulls up the CLK pin to high level.

(Note: During reset, do not reduce the external voltage level as this can cause
malfunction.)

95CS54-9 2005-05-10
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Figure 3.1.1 shows an example of the basic timing of the reset operation.

i J'\J’\J'\J'\J'\J’\J'\.{' {\J?I\J’\J'\J’\J’\J'\J’\J’\J'\J’\_
K \ / The CLK pin is I \ \ / \
\y
B

-

internally pulled up.

RESET \ [1

DOtoD15=f= =t = [Douf  [J=ot === — ==t == —_———]——-

BUSAK :X /

* After confirmation that RESET = high, A0 to A23 are output at the X1 rising edge of the 10th or 12th clock.

Figure 3.1.1 TMP95CS54 Reset Timing Example

3.1.2  External data bus width selection (AM8/16 Pin)

Connect the input pin to VCC. After a reset, this pin accesses ROM by the internal 16-bit
bus.

The data bus width for an external access depends on the setting in the <BOBUS>,
<B1BUS>, <B2BUS>, <B3BUS> or <BEXBUS> bit of the bus width/wait control registers.
To access the 16-bit bus, set port 1 to D8 to D15.
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3.2 Memory Map

Figure 3.2.1 shows the memory map and the access widths for the CPU addressing modes.

000000H T
0000AOH Direg%)area
000100H —y
0008AOH

002200H

64-Kbyte area

(nn)
002300H

002340H ===

External memory

010000H -====================-=-]

16-Mbyte area
(r32)
(-r32)
(r32 +)
(r32 +d8/16)
(r32 +r8/16)
(nnn)

FFOOOOH

FFFFOOH
FFFFFFH

internal areas)

Figure 3.2.1 TMP95CS54 Memory Map
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3.3

Interrupts

Interrupts are controlled by the CPU interrupt mask register <IFF2:0> (bits 14 to 12 of the
status register) and by the built-in interrupt controller.
The TMP95CS54 has a total of 47 interrupts divided into the following five types:

Interrupts generated by CPU : 9

e Software interrupts : 8

e Illegal instruction : 1

Internal interrupts : 28

e Internal I/O interrupts : 24

e Micro DMA transfer end interrupts : 4

External interrupts : 10

o Interrupts from external pins (NMI, INTO to INT8)

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

One of seven (variable) priority levels can be assigned to each maskable interrupt. The priority
level of non-maskable interrupts is fixed at 7, the highest level.

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

The CPU compares the priority level of the interrupt with the value of the CPU interrupt mask
register <IFF2:0>. If the priority level of the interrupt is higher than the value of the interrupt
mask register, the CPU accepts the interrupt. However, software interrupts and illegal
instruction interrupts generated by the CPU are processed without comparison with the
<IFF2:0> value.

The interrupt mask register <IFF2:0> value can be updated using the value of the EI
instruction (executing EI num sets the content of <IFF2:0> to num). For example, specifying EI 3
enables the acceptance of maskable interrupts whose priority level set in the interrupt controller
is 3 or higher, and enables the acceptance of non-maskable interrupts. However, if EI or EI 0 is
specified, maskable interrupts with a priority level of 1 or higher and non-maskable interrupts
are accepted (operationally identical to “EI 1”).

Operationally, the DI instruction (<IFF2:0> is 7) is identical to the EI 7 instruction, but as the
priority level of maskable interrupts is 0 to 6, the DI instruction is used to disable maskable
interrupts. The EI instruction is valid immediately after execution begins. (With the TLCS-90,
the EI instruction is valid after execution of the instruction following the EI instruction.)
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In addition to the general-purpose interrupt processing mode described above, the TLCS-900/H

interrupts also have a micro DMA processing mode.
Because the CPU transfers data (byte transfer, word transfer, or 4-byte transfer) automatically
in micro DMA mode, this mode can be used for speeding up interrupt processing, such as
transferring data to I/0.
The TMP95CS54 also has a micro DMA soft start function for requesting micro DMA
processing by software rather than by interrupt.
Figure 3.3.1 shows the overall interrupt processing flow.

Micro DMA soft start
request

General-purpose
interrupt
processing

(Interru pt processi ng)

Interrupt specified
by micro DMA
start vector?

No

Interrupt vector value “V"
read
Interrupt request F/F clear

Clear interrupt request flag

¢<_______________

{

Data transfer by micro
DMA

PUSH PC

PUSH SR

SR<IFF2:0> ¢« Level of
accepted
interrupt + 1

INTNEST«INTNEST + 1

{

COUNT « COUNT -1

!

PC « (FFFFOOH + V)

7

Interrupt processing
program

!

RETI instruction

POP SR
POP PC
INTNEST<INTNEST - 1

Yes

COUNT=0

Presupposes that one of four
channels of micro DMA start
vector register is set to FCH.

Micro DMA processing

Clear vector register
generating micro DMA

transfer end interrupt
(INTTCO to 3)

No —

( End )

Figure 3.3.1 Interrupt and Micro DMA Processing Flow
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3.3.1

General-purpose interrupt processing

When the CPU accepts an interrupt, the CPU performs the following processing. However,

in the case of software interrupts and illegal instruction interrupts generated by the CPU,
the CPU skips [1] and [3] and executes steps [2], [4], and [5].

(1]

(2]

(3]

(4]
(5]

The CPU reads the interrupt vector from the interrupt controller. If there are
simultaneous interrupts set to the same level, 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 the vector value,
the higher the priority level.)

The CPU saves the contents of the program counter (PC) and status register (SR) to
the stack area (indicated by XSP).

The CPU sets the value of the CPU’s interrupt mask register <IFF2:0> to the
received interrupt level incremented by 1. However, if the incremented value level is
7 or higher, the CPU just sets the register to 7.

The CPU increments interrupt nesting counter INTNEST by 1.

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

Table 3.3.1 shows the times for the above processing.

Table 3.3.1 Interrupt Processing Times for Bus Widths

Stack Area Bus Interrupt Vector Number of Interrupt Interr;_;ir:;c:;z:)esmng
Width (Bits) Area Bus Width | Processing Execution States @ fc =24 MHz
8 8 28 2.33
16 24 2.00
8 22 1.83
16 16 18 1.50

When the CPU has completed the interrupt processing, use the RETT instruction to return

to the main routine. This instruction restores the contents of the program counter and status
register from the stack, and decrements interrupt nesting counter INTNEST by 1.

Non-maskable interrupts cannot be disabled by program. Maskable interrupts can be
enabled or disabled by program. The program can set a priority level for every interrupt
source. (Setting the priority level to 0 (or 7) disables the interrupt request.)
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If a request is received for an interrupt with a higher priority level than that set in the
CPU interrupt mask register <IFF2:0>, the CPU accepts the interrupt. Set the CPU
interrupt mask register <IFF2:0> to the received interrupt priority level incremented by 1.

If, during interrupt processing, an interrupt is generated with a higher level than the
interrupt being currently processed, or if, during non-maskable interrupt processing, a
non-maskable interrupt request is generated from another source, the CPU suspends the
current processing routine and accepts the later interrupt. Then, after the CPU has finished
processing the later interrupt, the CPU returns to the interrupt it previously suspended and
resumes processing.

If the CPU receives a request for another interrupt while already performing processing
steps [1] to [5], the second interrupt is sampled immediately after execution of the start
instruction for its interrupt processing routine. Specifying DI as the start instruction
disables maskable interrupt nesting. (Note: In the 900 and 900/L, sampling is performed
before execution of the start instruction.)

After a reset, the interrupt mask register <IFF2:0> is initialized to 111, thus disabling
maskable interrupts.

The following steps (1) through (5) show the interrupt processing flow.

(1) Maskable interrupts

(Main) (INT1 interrupt processing)
En
)
IFFe4 ¢ When the CPU accepts an interrupt, it sets IFF to the priority
@ ) (Lle’\\g|23) 4L level of the interrupt incremented by 1.
1 Accordingly, if during interrupt processing an interrupt
@ request is received with the same or a lower priority than that
IFFe1 RETI of the interrupt being processed, because this priority level is
INT1 _rl_ —O_ T lower than the IFF value, the second interrupt cannot be
(Levell 3) ——-——-——@——>ﬂ® accepted until the processing of the prior interrupt is
IFFe4 complete.
©)

(INT2 interrupt processing) Note: __(underline): Instruction

@, 9, . Execution flow
IFF : Interrupt mask register
(2) Non-maskable interrupts (NMI, INTWD)
1Y
(Main) (INT1 interrupt processing)
DI
5 IFFe7 / When the DI instruction is executed (IFF is 7), only
| @ non-maskable interrupts can be received (because the
NVIT / ©) priority level of non-maskable interrupts is fixed to 7.)
(Level 7) W_J—\ When the El instruction is executed, the CPU sets IFF to 7
| .
® @ RETI upon acceptance of an NMI or INTWD interrupt.
l IFF&7 \
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(3) Non-maskable interrupts (Software interrupts, illegal instruction interrupts)

(Main) (SW13 processing)  (INT1interrupt processing)

Eié IFF /‘ When the DI instruction is executed (IFF is 7),
@ No chang@e ® IFF(_Z;D/‘ the CPU can accept interrupts. However, unlike
l / * / @ with NMI or INTWD interrupts, IFF does not

INT1 J—L change upon acceptance of an interrupt.

%3 (Levlel 3) l Therefore, during processing of a software
©) C? ® RETI interrupt, if a request is received for an interrupt
l IFF N‘ETI IFF&3 \} with a priority the same or higher than the IFF

No change NI value, the interrupt is nested.

(4) Interrupt nesting
(Main)  (INT1interrupt processing) (INT2 interrupt processing)

EI3
T IFFe4 //(‘3 IFF&5 During interrupt processing, if a request is
@ @

@ received for an interrupt with a priority the same

|
INT1 / INT2 / ® or higher than the interrupt being processed (the
(Level 3) _ﬂ_ (Le\,le| 4) _ﬂ_ interrupt priority level is the same as or higher
@ \ than the IFF value), the CPU receives the second

RETI interrupt and nests it.

©) Y
l IFF&<3 w IFFe4 \l

(5) Interrupt sampling (Maskable interrupt nesting disabled)

(Main) (INT1 interrupt processing)
E3 IFFe4 . .
DI (Startinstruction)
/ IFF&7 If, after the time the CPU has accepted an interrupt but before
@ (LL':I/ZI24) _FL the CPU begins processing it, the CPU receives a request for
/ @ another interrupt with a higher priority, the second interrupt is
IFFed nested after execution of the start instruction for processing of
/ IFFe3 RETI the interrupt accepted first.
lNT1_+—L ®__ T Accordingly, issuing the DI instruction as the start instruction
(Level 3) ______@_,_I disables nesting of maskable interrupts.
IFFe5 @
© ¥
l RETI Note:__ (underline): Instruction
IFFe-3 ®,Q, : Execution flow
(INT2 interrupt processing) IFF . Interrupt mask register

Table 3.3.2 shows the TMP95CS54 interrupt vectors and micro DMA start vectors. With
the TMP95CS54, FFFFOOH to FFFFFFH (256 bytes) is allocated to the interrupt vector area.
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Table 3.3.2 TMP95CS54 Interrupt Vectors and Micro DMA Start Vectors
Vector I
ESZTS Type Interrupt source and source of micro DMA request Vecto\r/value I’Zzecli're:scse Is\il:;;?’eD C’l’:ﬁ
1 Reset or [SWIO0] instruction OOOOH|FFFFOOH -
2 [SWI1] instruction OO004H|FFFFO4H -
3 Illegal instruction or [SWI2] instruction O0OO08H|FFFFO8H -
4 [SWI3] instruction O0OOCH|FFFFOCH -
5 Non- |[SWI4] instruction OO0O10H|FFFF10H -
6 maskable [[SWI5] instruction 0014H|FFFF14H -
7 [SWI6] instruction 0018H|FFFF18H -
8 [SWI17] instruction 0O01CH|FFFF1CH -
9 NMI :Wpininput O020H|FFFF20H -
10 INTWD : Watchdog timer 0024H|FFFF24H -
- - Micro DMA (Note) - - -
11 INTO : INTO pin input 0028H|FFFF28H 28H
12 INT1 : INT1 pin input 002CH|FFFF2CH 2CH
13 INT2 : INT2 pin input 0030H|FFFF30H 30H
14 INT3 : INT3 pin input O0034H|FFFF34H 34H
15 INT4 : INT4 pin input 0038H|FFFF38H 38H
16 INT5 : INT5 pin input 003CH|FFFF3CH 3CH
17 INT6 : INT6 pin input O040H|FFFF40H 40H
18 INT7 1 INT7 pininput 0044H|FFFF44H 44H
19 INT8 : INT8 pin input 0048H|FFFF48H 48H
20 INTTO : 8-bittimer0 004CH|FFFF4CH 4CH
21 INTT1 : 8-bittimer1 OO0O50H|FFFF50H 50H
22 INTT2 : 8-bittimer2 0054H|FFFF54H 54H
23 INTT3 : 8-bittimer3 0058H|FFFF58H 58H
24 INTT4 : 8-bittimer4 OO0O5CH|FFFF5CH 5CH
25 INTT5 : 8-bittimer5 0060H|FFFF60H 60H
26 INTT6 : 8-bittimer6 0064 H|FFFF64H 64H
27 INTT7 : 8-bittimer7 006 8H|FFFF68H 68H
28 INTTR8 : 16-bittimer 8 (TREGS) 006 CH|FFFF6CH 6CH
29 INTTR9 : 16-bittimer 8 (TREG9) O070H|FFFF70H 70H
30 Maskable [INTTRA : 16-bit timer 9 (TREGA) 0074H|FFFF74H 74H
31 INTTRB : 16-bittimer 9 (TREGB) 0078H|FFFF78H 78H
32 INTTO8 : 16-bit timer 8 (Overflow) 007 CH|FFFF7CH 7CH
33 INTTO9 : 16-bit timer 9 (Overflow) O0O80H|FFFF80H 80H
34 INTRXO0 : Serial receive (Channel 0) 0084H|FFFF84H 84H
35 INTTXO : Serial transmission (Channel 0) 0088H|FFFF88H 88H
36 INTRX1 : Serial receive (Channel 1) 008CH|FFFF8CH 8CH
37 INTTX1 : Serial transmission (Channel 1) O090H|FFFF90H 90H
38 INTCR : CAN receive 0094H|FFFF94H -
39 INTCT : CAN transmission 0098H|FFFF98H -
40 INTCG : CANglobal 009 CH|FFFF9CH -
41 INTSEI : SEI OO0OAOH|FFFFAOH -
42 INTAD : AD conversion end OOAA4H|FFFFA4H A4H
43 INTTCO : Micro DMA end (Channel 0) OO0OA8H|FFFFAS8H -
44 INTTC1 : Micro DMA end (Channel 1) O0ACH|FFFFACH -
45 INTTC2 : Micro DMA end (Channel 2) OOBOH|FFFFBOH -
46 INTTC3 : Micro DMA end (Channel 3) OO0B4H|FFFFB4H -
- (Reserved) OO0OB8H|FFFFB8H -
to to to to to
- (Reserved) O0FCH|FFFFFCH -
- — Micro DMA soft start request — — FCH

Note: Micro DMA default priority
If an interrupt request is generated by a source specified by micro DMA, the interrupt has the highest
priority of the maskable interrupts (irrespective of the default priority allocated to all channels).
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Setting reset vectors and interrupt vectors

[1] Reset vector

FFFFOOH
FFFFOTH
FFFFO2H
FFFFO3H

PC(7:0)

PC(15:8)

PC (23:16)

XX XX : Don't care

[2] Interrupt vectors (Other than reset vector)

Vector reference address + 0

(Setting example)

+1
+2
+3

PC(7:0)

PC (15:8)

PC(23:16)

XX XX : Don't care

Where the reset vector is defined as FFO000H, the NMI vector as FF9ABCH, and the INT1

vector as FF3456H
ORG

LD

ORG
LD

ORG
LD

ORG
DL

ORG
DL

ORG
DL

OFFO000H
A,B

OFF9ABCH
B,C

OFF3456H
CA

OFFFFOOH
OFFO000H

OFFFF20H
OFF9ABCH

OFFFF2CH
OFF3456H

Reference:
ORG and DL are assembler directives
ORG : For location counter control
[DL : To define (32-bit) long word data

; reset vector = FFOOOOH
; NMI vector = FFOABCH

+ INT1 vector =FF3456H
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3.3.2

Micro DMA processing

In addition to general-purpose interrupt processing, the TMP95CS54 supports a micro
DMA function. Interrupt requests set by the micro DMA perform micro DMA processing at
the highest priority level of maskable interrupts (level 6), regardless of the priority level of
the particular interrupt source.

Because the micro DMA function is implemented with the cooperative operation of the
CPU, when the CPU is put into stand-by state -by by HALT instruction, micro DMA
requirements will be ignored (pending).

(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 four micro DMA
channels allow micro DMA processing to be set for up to four 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 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 decremented counter reads other than 0, DMA processing ends
with no change in the value of the micro DMA start vector register. If the decremented
reading is 0, the micro DMA transfer end interrupt INTTCO to 3) passes from the CPU
to the interrupt controller. In addition, the micro DMA start vector register is cleared to
0, the next micro DMA is disabled, and micro DMA processing is complete.

If a micro DMA request is set for more than one channel at a time, the priority is not
based on the interrupt priority level but on the channel number: the smaller the channel
number the higher the priority. (Channel 0 (high) --> channel 3 (low)).

If an interrupt request is triggered for the interrupt source in use during the interval
between the clearing of the micro DMA start vector and the next setting,
general-purpose interrupt processing is executed at the interrupt level set. Therefore,
when using the interrupt only for starting the micro DMA (not using the interrupt as a
general-purpose interrupt), first set the interrupt level to O (interrupt requests
disabled).

When using micro DMA and general-purpose interrupts together as described above,
first set the level of the interrupt used to start micro DMA processing lower than all the
other interrupt levels. In this case, the cause of a general interrupt is limited to the edge
interrupt.

Example:When using external interrupt INTO to 3 to start micro DMAO to 3, set:
External interrupt INTO to 3 interrupt level .....“1”
Level of other interrupts.......ccccoooovveecivvvneeeenennn. “2” to “6”

As with other maskable interrupts, the priority of the micro DMA transfer end
interrupt is determined by the interrupt level and the default priority.
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l One state
B m——

SEAVAV

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

Three micro DMA transfer modes are supported: 1-byte transfer, 2-byte (one word)
transfer, and 4-byte transfer. After a transfer in any mode, the transfer
source/destination addresses are incremented, decremented, or remain unchanged. This
simplifies the transfer of data from I/O to memory, from memory to I/O, and from I/O to
I/0. For details of the transfer modes, see 3.3.2 (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 count is maximized when
the transfer counter initial value is set to 0000H. )

Micro DMA processing can be started by the 28 interrupts (INTO to INTTX1, INTAD)
shown in the micro DMA start vectors of Table 3.3.2 and by the micro DMA soft start,
making a total of 29 interrupts.

Figure 3.3.2 shows the micro DMA cycle in transfer destination address INC mode (the
same as for other modes, with the exception of COUNTER mode).

[1] Word transfer (the conditions for this cycle are based on an external 16-bit bus, 0
walits, transfer source/transfer destination addresses both even-numbered values)
| (Note 1) (Note 2)
f_/_\

DM2 DM3 DM4 DM5 DM6 DMm7 DM8

AVAVAVAVAVAVAVAVAVAVAVAV AVAVAVAV AVAV AVAY

AO0to23

Addresd Transfer source address

[

Transter destination
a

address Address + |2

RD

WR/HWR

DOto 15

——

-
|

States 1to0 3

States 4 to 5
State 6
States 7 to 8

Note 1: If the so
Note 2: If the de

x Dutput

Figure 3.3.2 Timing of Micro DMA Cycle (1/3)

Instruction fetch cycle (gets next address code).

If three or more instruction codes are inserted in the instruction queue buffer, this cycle
becomes a dummy cycle.

Micro DMA read cycle

Dummy cycle (the address bus remains as in state 5)

Micro DMA write cycle

urce address area is an 8-bit bus, it is incremented by two states.

stination address area is an 8-bit bus, it is incremented by two states.
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(2) Micro DMA soft start function

In addition to starting micro DMA by interrupt, the TMP95CS54 supports a micro
DMA soft start function. This starts micro DMA by generating a cycle to write to the soft
DMA control register.

To code a soft start, write micro DMA start vector FCH to micro DMA start vector
register DMAOV to 3 V (at memory addresses 5AH, 5BH, 5CH, and 5DH).

Then, write any data to soft DMA control register SDMACRO to 3 (at memory
addresses 6AH, 6BH, 6CH, and 6DH). (The value of the data has no effect on the
operation of the soft start.) This starts micro DMA of the applicable channel once. Then,
whenever data are written again to the soft DMA control register, as long as the micro
DMA transfer counter register values are other than 0, a soft start can be continuously
triggered (without rewriting the micro DMA start vector).

Setting the micro DMA start vector is a prerequisite for generating a micro DMA
software start. (The software start request is a one-shot request and not saved.
Therefore, even if a cycle which writes to the soft DMA control register is generated,
unless the micro DMA start vector is already set, a soft start cannot be generated.)
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(3) Structure of micro DMA-only registers

Figure 3.3.3 shows the micro DMA-only registers. These registers are incorporated in
the CPU. (See 3.2.5, Control Registers in Chapter 3, TLCS-900/H CPU.) To set the
registers use the LDC instruction.

Set the transfer source address in the transfer source address register; the transfer

destination address, in the transfer destination address register. These address registers

use only the lower 24 bits. They support a 16-Mbyte address space.

Use the transfer counter register to set the number of times micro DMA is performed

between 1 and 65536.

For details on setting the transfer mode register, see 3.3.2 (4), Transfer Mode Register.
Only the LDC cr, r instruction can load data into the micro DMA-only registers.

Channel 0
DMASO Transfer source afidress register 0 ] (Use only lower 24 bits)
DMADO Transfer destination address register 0
| DMACO Transfer counter register 0 (1to 65536)
DMAMO | Transfer mode register 0
Channel 1
DMAS1 Transfer source address register 1
DMAD!1 Transfer destination address register 1
[ DMAC1 Transfer counter register 1
I DMAM1 | Transfer mode register 1
Channel 2
DMAS2 Transfer source address register 2
DMAD2 Transfer destination address register 2
I DMAC2 Transfer counter register 2
DMAM2 | Transfer mode register 2
Channel 3
DMAS3 Transfer source address register 3
DMAD3 Transfer destination address register 3
| DMAC3 Transfer counter register 3
DMAM3 | Transfer mode register 3
Setting example :
“—8 bit—] LD XWA, 100H Set transfer source
16 bit LDC DMASO, XWA / address
1t
! LD  XWA, 1000H Set transfer
32 bit LDC DMADO, XWA / destination address
LD WA, 40H
LDC DMACO. WA ) Set transfer count
LD A, 05H Select transfer
LDC DMAMO, A mode
Figure 3.3.3 Micro DMA-Only Registers
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(4) Transfer Mode Register

To set micro DMA transfer mode, use transfer mode register DMAMO to 3. Table 3.3.3
shows the settings for each mode and the numbers of execution states.

Table 3.3.3 Micro DMA Transfer Mode

8-bit
DMAMOto3|0 0 O Mode Note: When setting a value in this register, write 0 to the
upper three bits.
Number of Minjmum
Number of Mode Description Execution States Execution Time
Transfer Bytes (%) ¢ =24 MHz
(FQO%) 000 00 |Byte transfer Transfer destination address INC mode
ixe
.................... For I/O to memory 8 states 667 ns
01 |Wordtransfer | (DMADN +) < (DMASn)
: DMACHh « DMACnh - 1
10 |4-bytetransfer [If DMACNH =0, then INTTCn generated 12 states 1000 ns
001 00 |Byte transfer Transfer destination address DEC mode
.................... For I/0 to memory 8 states 667 ns
01 |Wordtransfer ~|(DMADn-) ¢ (DMASN)
DMACn&«DMACN - 1
10 | 4-byte transfer |[If DMACn =0, then INTTCn generated 12 states 1000 ns
010 | 0o |Bytetransfer | Transfer source address INC mode
.................... For memory to I/0 8 states 667 ns
01 |Wordtransfer | (DMADN) ¢ (DMASn +)
DMACn«DMACH - 1
10 |4-byte transfer | If DMACN =0, then INTTCn generated 12 states 1000 ns
011 | 00 [Bytetransfer | Transfer source address DEC mode
.................... For memory to I/0 8 states 667 ns
01 |Wordtransfer | (DMADN) <~ (DMASn -)
DMACn«DMACnh -1
10 | 4-bytetransfer |[If DMACN =0, then INTTCn generated 12 states 1000 ns
100 | 00 |Bytetransfer |Addressfixed mode
......................... For I/0to I/0 8 states 667 ns
01 |Word transfer | (DMADN) - (DMASN)
DMACn«DMACN - 1
10 |4-bytetransfer [If DMACNK =0, then INTTCn generated 12 states 1000 ns
101 00 | Counter mode
...... For counting number of times interrupts generated
DMASN«DMASN + 1 5 states 417 ns
DMACn«-DMACH - 1
If DMACnh =0, then INTTCn generated

*  For external 16-bit bus, 0 waits, word/4-byte transfer mode, transfer source/transfer destination
addresses both have even-numbered values.

Note: n: Corresponding micro DMA channels 0 to 3
DMADnN +/DMASN + : Post increment (increments register value after transfer)

DMADnN -/ DMASNH-

: Post decrement (decrements register value after transfer)

The I/Os in the table mean fixed addresses; memory means incremented and decremented addresses.
Do not use undefined code, that is, codes other than those listed above for the transfer mode

register.
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3.3.3

Interrupt Controller Control

Figure 3.3.4 is a block diagram of the interrupt controller circuit. The left-hand side of this
diagram shows the interrupt controller. The right-hand side shows the CPU interrupt
request signal circuit and CPU halt release circuit. (For details on halt modes, see 3.4,
Standby Function.)

The interrupt controller has a total of 38 interrupt channels, consisting of NMI, INTWD,
INTO to 8, INTTO to 7, INTTRS8 to 09, INTRXO0 to TX1, INTCR to G, INTSEI, INTAD, and
INTTCO to 3.

Each interrupt channel supports:

e Interrupt request flag (38 channels)

e Interrupt priority setting register (36 channels (NMI and INTWD excluded)).

In addition, there are also four channels of start vector registers for performing micro DMA
processing.

(1) Interrupt request flags

The function of the interrupt request flag is to indicate the generation of an interrupt
request. Apart from NMI and INTWD, each channel has a clear bit <IxxC> for clearing
the interrupt requests (see Figure 3.3.5, Interrupt Priority Setting Registers). Reading
clear bit <IxxC> reads the state of the interrupt request flag and indicates whether an
interrupt request is generated or not.

The interrupt request flags are zero-cleared by the following operations:

[1] Areset (clears all interrupt request flags)

[2] When the CPU accepts an interrupt and reads the vector of the accepted
interrupt channel

[3] When the CPU accepts the micro DMA request of the specified channel

[4] When 0 is written to clear bit <IxxC> of the interrupt priority setting register
Note: [2], [3], and [4] operations do not include INTO level mode or INTRXO, 1.

In addition, flags are also cleared by the following operations.

Table 3.3.4 Other Flag Clearing Operations

Interrupt source ource

Flag clearin
9 Other operations that clear interrupt flags

INTO

Edge mode Switching to level mode

Level mode Change in pin input after interrupt is generated (high level = low level)

INTRXO, 1 Reading serial channel receive buffer

Before clearing an interrupt request by writing O to the clear bit or by performing a
Table 3.3.4 operation to clear the interrupt request flag, first execute the DI instruction.
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(INTO interrupt cautions)

Note the following cautions when using the INTO interrupt in level mode.

In level mode, the INTO pin input must be held continuously at high level until the
interrupt response sequence is completed. Likewise, when releasing the halt in this
mode, the INTO pin must be held continuously at high level until the halt is
released.

When using INTO level mode, be sure that a low level is not input as a result of
noise as this can cause malfunction.

When switching the INTO pin operation mode from level to edge mode, first
disable the INTO interrupt as follows. (In level mode, an accepted interrupt request
must be cleared.)

Setting example:
DI disable interrupt
LD (ITMC), XX0XXX0XB switch from level to edge
LD (INTEOAD), XXXX0nnnB ; clear interrupt request flag and set INTO
interrupt level to nnn

EI enable interrupt
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Figure 3.3.4 Block Diagram of Interrupt Controller
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(2) Interrupt priority setting register

Figure 3.3.5 shows the interrupt priority setting registers. Each of the 36 interrupt
channels (INTO to AD, INTTCO to 3) has an interrupt request level setting bit
<IxxM2:0>. An interrupt request is generated at six interrupt levels (levels 1 through 6).

Setting the priority level to 0 (or 7) disables the corresponding interrupt request. The

priority level for non-maskable interrupts (NMI pin input) is fixed to 7. If two or more

interrupts with the same level occur simultaneously, the interrupts are accepted in

accordance with the default priority.

Symbol | Address 7 6 i 5 4 3 2 1 1 i 0
INTAD INTO «Interrupt source
: : : : «bit Symbol
INTEGAD 70H IADC ; IADM2 : IADM1 : IADMO IO(NC - 10M2 I0M1 i I0MO Yy \
R/W w R/ ®Note) W «Read/Write
0 0 : 0 0 0 0O : 0 : 0 «After reset
INT2 INT1
12C 12M2 12M1 12MO0 11C 11M2 11M1 11MO
71H
INTE12 R/W W R/W W
0 0o : 0 0 0 0 : 0 :: 0
INT4 INT3
14C 14M2 i 14M1 14MO 13C 13M2 13M1 13MO0
INTE34 72H AW W RIW W
0 0o 0 0 0 0O ¢ 0 { 0
INT6 INTS
16C 1612 16M1 16MO 15C 15M2 I5M1 I5MO
73H
INTES6 3 RIW W RIW W
0 0 i 0 0 0 0 i 0 i o0
INT8 INT7
18C 18M2 18M1 18MO 17C 17M2 17M1 17MO
74H
INTE78 R/W W R/W W
0 0 i 0 0 0 0 i 0 i o0
INTT1 (Timer 1) INTTO (Timer 0)
ITIC : ITIM2 : ITIM1  IT1IMO ITOC : ITOM2 : ITOM1 @ ITOMO
INTETO1 75H * t
RIW W RIW w
0 i 0 i 0 0 0 ¢ o0 { 0 i 0
i INTT3(Timer3) i i INTT2('I_'imer2) i
IT3C : IT3M2 : IT3M1 : IT3MO IT2C_: IT2M2 @ IT2M1 : IT2MO
INTET2 76H T -
3 6 RIW W RIW w
0 { 0 i 0 0 0 0 { 0 { 0
INTT5 (Timer 5) INTT4 (Timer 4)
ITSC i IT5M2 { ITSM1 i ITSMO | IT4C i IT4AM2 | ITAM1 i ITAMO
77H n
INTET45 RIW Y RIW W
0 0 : 0 0 0 0 0 0
J J
(Do not use ! |
read-modify-
write 1
instructions.) IxxM2 | IxxM1 | IxxMO Function (Write)
0 0 0 Disables interrupt request
Note1: In INTO level mode, 0 0 1 Sets interrupt priority level to 1
writing 0 to <I0C> 0 1 0 Sets interrupt priority level to 2
does not clear the 0 1 1 Sets interrupt priority level to 3
interrupt request 1 0 0 Sets interrupt priority level to 4
flag. 1 0 1 Sets interrupt priority level to 5
1 1 0 Sets interrupt priority level to 6
1 1 1 Disables interrupt request
IxxC Function (Read) Function (Write)
0 No interrupt request Clears interrupt request flag
1 Interruptrequest | ----- Don'tcare-----

Figure 3.3.5 Interrupt Priority Setting Registers (1/2)
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Symbol | Address 7 6 5 | 4 3 2 i 1 i 0
INTT7(Timer7) . ' INTTG(TimerG) i (—Iqterruptscurce
IT7C i IT7M2 : IT7M1 : IT7MO | IT6C : IT6M2 : IT6M1 : IT6MO | «bit Symbol
INTET67 78H : : i
R/W W RIW W «Read/Write
0 0 : 0 i 0 0 ¢ 0 i 0 ! 0 «Afterreset
INTTR9 (TREGY) INTTR8 (TREGS8)
IT9C : IT9M2 : IT9M1 i IT9MO | IT8C : IT8M2 : IT8M1 : IT8MO
H : - . > : -
INTET89 79 RIW W RW W
0 0 : 0 : 0 0 0O : 0 : 0
INTTRB (TREGB) INTTRA (TREGA)
ITBC { ITBM2 : ITBM1 : ITBMO ITAC ! ITAM2 : ITAM1 | ITAMO
7AH : * - ; * *
INTETAB A RIW W RIW W
0 0 i 0 i 0 0 0 i 0 i 0
INTTO9 INTTO8
INTEOV 7BH ITO9C ITO9M2 : ITO9M1 : ITO9MO | ITO8C ITO8M2 : ITO8M1 : ITO8MO
RIW W R/W W
0 0 i o0 i o0 0 0 i o0 i o
INTTX0 INTRXO
ITX0C : ITXOM2 : ITXOM1 i ITXOMO | IRXOC :IRXOM2 : IRXOM1 : IRXOMO
INTESO 7CH RW . W R (Note2) | W
0 0O : 0 { 0 0 : 0 i 0 i 0
i INTTX1 _ i INTBX1 i
ITX1C HITXIM2 : ITXTM1 : ITXTMO | IRX1C : IRX1M2 : [RX1M1 : IRXTMO
INTES1 7DH T W R (Note2) W
0 0 { 0 ¢ 0 0O ¢ 0 { 0 { 0
INTCT INTCR
IC1IC_ i ICIM2 { ICIM1 : ICIMO | 1COC i ICOM2 | ICOM1 : ICOMO
INTECO1 7EH : - - > - -
0 RIW i R/W W
0 0 : 0 : 0 0 0 : 0 : 0
INTSEI : :
ISEC : ISEM2 ! ISEM1 ! ISEMO
R/W W (Note3)
INTEC2S | 7FH 0 0 : 0 : ©
INTCG
IC2M2 { IC2M1 : IC2MO : IC2C
W (Note3) ! RW
0 i 0 {0 0 :
INTTC1 INTTCO
INTETCO1 8O0H ITC1C ITCIM2 @ ITCIM1 : ITC1IMO | ITCOC ITCOM2 : ITCOM1 : ITCOMO
R/W \\ R/W : W
0 0 i 0 i 0 0 0 i o0 i 0
_ INTTC3 _ _ INT]'CZ _
INTETC23 81H 1ITC3C 3 ITC3M2 : ITC3M1 : ITC3MO | ITC2C 5 ITC2M2 : ITC2M1 : ITC2MO
RIW A RIW & w
0 : 0 0 0 0O ¢ 0 : 0 i 0
L T ] | L ]
(Do not use i I
read-modify- .
write IxxM2 | IxxM1 | IxxMO Function (Write)
instructions.) 0 0 0 Disables interrupt request.
0 0 1 Sets interrupt priority level to 1
As <IRX0C> and 0 1 0 Sets interrupt priority level to 2
<IRX1C> are read-only 0 1 1 Sets interrupt priority level to 3
registers, writing 0 to 1 0 0 Sets interrupt priority level to 4
them does not clear the 1 0 1 Sets interrupt priority level to 5
interrupt request flag. 1 1 0 |Setsinterrupt priority level to 6
As <ISEM2:0> and 1 1 1 Disables interrupt request
<|C2M2:0> are same L1 IxxC Function (Read) Function (Write)
bits, it can set the 0 No interrupt request Clears interrupt request flag
identical level only. 1 Interruptrequest | ----- Don‘tcare----

Figure 3.3.5 Interrupt Priority Setting Registers (2/2)
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3

From among simultaneous interrupts, the interrupt controller selects the interrupt
request with the highest level and sends its vector address to the CPU.

Then, the CPU compares the priority level of the interrupt request with the value of
the interrupt mask register <IFF2:0> in the status register. If the priority level of the
interrupt request is higher than the value of the interrupt mask register, the CPU
accepts the interrupt. When the CPU side interrupt mask register <IFF2:0> is set to the
priority level of the received interrupt incremented by 1, subsequent interrupt requests
are only accepted if their level is equal to or greater than the incremented value.

Micro DMA start vector

The interrupt controller has four channels of micro DMA start vector registers.
Writing the micro DMA start vector value (Table 3.3.2) for each interrupt source to these
registers makes the applicable interrupt request into a micro DMA request. But first set
values in the registers for micro DMA parameters (DMAS, DMAD, DMAC, DMAM).
Figure 3.3.6 shows the micro DMA start vector registers.

The function of the micro DMA start vector registers is to select the interrupt to use
with micro DMA processing. The micro DMA start source is assigned to the interrupt
source whose micro DMA start vector matches the vector value set in the micro DMA
start vector register.

When the value of the micro DMA transfer counter is set to 0 after micro DMA
processing, the CPU generates a micro DMA transfer end interrupt (INTTCO to 3)
corresponding to the micro DMA start vector register. When the micro DMA start vector
register is cleared, the micro DMA startup source is released. Therefore, when
continuously performing micro DMA processing, set the start vector value in the micro
DMA start vector register again during processing of the micro DMA transfer end
interrupt.

When the same vector is set in the micro DMA start vector registers of multiple
channels, the lower the channel number the higher the priority.

The channel with the lowest number is executed until the micro DMA transfer end
interrupt. Unless the micro DMA start vector is set again during the processing of the
micro DMA transfer end interrupt, the subsequent micro DMA startup moves to the next
smallest channel number. (This operation is called a micro DMA chain.)
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Micro DMAQO start vector register

DMAOQV 7 ¢ 6 i 5 i 4 i 3 2 i
(005AH) bit Symbol | DMAQV7 : DMAOQV6 : DMAOV5 : DMAOV4 : DMAQOV3 : DMAQV2 :
(Donotuse |Read/Write w :
read-modify- ["After reset 0 i 0 i 0 i 0 P00 0
yvrlte . Function | Setstartup interrupt source for micro DMA channel 0
instructions.)

Micro DMAT1 start vector register
DMA1V 7 : 6 i 5 i 4 i 3 i 2 i 1
(005BH) bit Symbol | DMA1V7 | DMA1V6 : DMA1V5 : DMA1V4 : DMA1V3 i DMA1V2 :
(Donotuse |Read/Write W !
read-modify- | After reset 0 : 0 : 0 H 0 : 0 0
write Function | Set startup interrupt source for micro DMA channel 1
instructions.)

Micro DMAZ2 start vector register
DMA2V 7 ¢ 6 i 5 i 4 i 3 i 2 i 1
(005CH) bit Symbol | DMA2V7 | DMA2V6 : DMA2V5 : DMA2V4 : DMA2V3 : DMA2V2 :
(Donotuse |Read/Write \Y :
read-modify- | After reset 0 : 0 : 0 : 0 : 0 0
write Function [ Set startup interrupt source for micro DMA channel 2
instructions.)

Micro DMAS3 start vector register
DMA3V 7 ¢ 6 i 5 i 4 i 3 i 2 i 1
(005DH) bit Symbol | DMA3V7 : DMA3V6 : DMA3V5 : DMA3V4 i DMA3V3 : DMA3V2 :
(Do not use Read/Write W :
read-modify- | After reset 0 : 0 0 : 0 ! 0 0
write Function | Set startup interrupt source for micro DMA channel 3

instructions.)

Setting Micro DMA Startup Source

Micro DMA startup Value setin micro DMA Micro DMA startup Value set in micro DMA
source start vector register source start vector register

INT O interrupt 28H INTT 6 interrupt 64H
INT 1 interrupt 2CH INTT 7 interrupt 68H
INT 2 interrupt 30H INTTR 8 interrupt 6CH
INT 3interrupt 34H INTTR 9 interrupt 70H
INT 4 interrupt 38H INTTR Ainterrupt 74H
INT 5 interrupt 3CH INTTR B interrupt 78H
INT 6 interrupt 40H INTTO 8 interrupt 7CH
INT 7 interrupt 44H INTTO 9 interrupt 80H
INT 8 interrupt 48H INTRX 0 interrupt 84H
INTT O interrupt 4CH INTTX 0 interrupt 88H
INTT 1 interrupt 50H INTRX 1 interrupt 8CH
INTT 2 interrupt 54H INTTX 1 interrupt 90H
INTT 3 interrupt 58H INTAD interrupt A4H
INTT 4 interrupt 5CH .

- Micro DMA soft start FCH
INTT 5 interrupt 60H

Figure 3.3.6 Setting Micro DMA Start Vector Register and Startup Source
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(4) External Interrupt Control

Table 3.3.5 shows the function settings for the external interrupt pins.

TMP95CS54 can select the operating mode for the NMI, INTO, INT5, or INT7 pins
from among external interrupt functions. (For details on the external interrupt function

pulse width, see “4.7 Interrupt Operations”.)

Table 3.3.5 Setting Functions on External Interrupt Pins

Interrupt pin|Shared pin Mode Setting method
“\_  Falling edge IIMC<NMIREE> =0
N Both falling and rising IIMC<NMIREES = 1
edges
4 Rising edge IIMCLIOLE> =0, <IOIE> = 1

INTO P56

75O Level IIMCKIOLE> = 1, <IOIE> = 1
INT1 P70 £ Rising edge S
INT2 P72 £ Rising edge _—
INT3 P73 £ Rising edge _—
INT4 P75 £ Rising edge _—

4 Rising edge T8MOD<KCAP12M1:0>=0,00r0,10r1, 1
INT5 P90

"\_  Falling edge T8MOD<KCAP12M1:0> =1, 0
INT6 P91 £ Rising edge

4 Rising edge TIMOD<CAP34M1:0>=0,00r0, 1or 1, 1
INT7 P94

U Falling edge TIMODLCAP34M1:0> = 1,0
INTS P95 £ Rising edge _
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The input mode of the NMI and INTO interrupts can be controlled by interrupt input
mode control register IIMC.
Figure 3.3.7 shows the interrupt input mode control register.

Interrupt Input Mode Control Register

7 : 6 s 5 ; 4 : 3 : 2 é 1 é 0
IIMC | bit Symbol - : © I0E : IOLE : NMIREE
(0059H) | Read/Write i i w : : : W
After reset i 0 : 0 P 0
(Do not use ‘Note: : : JINTOinput :INTO INMI
read-modify- : i Besureto! : ‘control linterrupt  iinterrupt
write H iowrite0. H {0: Disabled :control icontrol
instructions.)| Function H : H : {1: Enabled :0:Rising :0: Falling
: : H : : i edge | edge
i1: High i1: Both
i level ! edges

|

Note: The INTO pin can also be used for the halt release
described later.
When using as port 56 in HALT mode, be sure to
set <IOIE> to 0 before entering HALT mode.

|—> NMl interrupt control

0 | Generates interrupt request on
falling edge

1 [ Generates interrupt request on both
edges

——> INTO interrupt control

0 [ Generatesinterrupt request on
........ risingedge e

1 | Generates interrupt request on high
level

—> INTO0 input control
0 | INTOdisabled

1 | INTO enabled

Figure 3.3.7 Interrupt Input Mode Control Register

(5) Caution

When the CPU fetches an instruction to clear the interrupt request flag for the
interrupt controller immediately before an interrupt is generated, the CPU may execute
the instruction between receiving the interrupt and reading the interrupt vector.

To avoid the above occurring, clear the interrupt request flag by entering the
instruction to clear the flag after the DI instruction. When setting an interrupt enable
again by EI instruction after the execution of a clearing instruction, execute the EI
instruction after the clearing instruction and following the execution of more than one
more instruction. If the EI instruction is placed immediately after the clearing
instruction, an interrupt could be enabled before interrupt request flags are cleared.

When changing the value of the interrupt mask register<IFF2:0> by execution of a
POP SR instruction, disable an interrupt by DI instruction before execution of the POP
SR instruction.
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3.4 Standby Function

(1) HALT modes

When the TMP95CS54 executes a HALT instruction, WDMOD<HALTM1:0> of the
watchdog timer mode register can be used to set one of the following HALT modes: RUN,
IDLEZ2, IDLE1, STOP. Figure 3.4.1 shows the watchdog timer mode control register.

Watchdog Timer Mode Control Register

7 : 6 : 5 P4 i3 : 2 : 1 : 0
WDMOD | bitSymbol | WDTE : WDTP1 : WDTPO : WARM : HALTM1 : HALTMO : RESCR : DRVE
(006EH) | Read/write R/W
After reset 1 0 0 0 P00 0 0 0
Controls iSelects watchdog timer i Warmup Selects HALT mode i Controls $ Pin control at
Function |watchdog detection time itime 00: RUN mode {internal reset } STOP mode
timer 00: 216/fc 10: 214/fc {01:STOP mode iatrunaway :1:Drives pins
0: Disable 01: 218/fc 11: 216/fc 10:IDLE1 mode idetection i even
1:Enable 10: 220/fc 11:IDLE2 mode §1:Performs + during
11: 222/fc i internal i STOP
: reset by mode
: ¢ detecting
H i runaway
— | |

l" Controls pin state in STOP mode
0 | Input/output off

1 | Maintains state prevailing before HALT

—> Controls internal reset at runaway detection
0 | Don't care

1 Executes internal reset on runaway
detection

L Sets HALT mode
00 [ RUN mode (CPU only halted)

11 | IDLE2 mode (some I/O only operating)

—> Selects warmup time when returning from
STOP mode

0 | 2'4/fc (around 683 us @ 24 MHz)

1 | 216/fc (around 2.7 ms @ 24 MHz)

Selects watchdog timer detection time
00 | 216/f¢ (around 2.7 ms @ 24 MHz)

11 | 222/fc (around 174.8 ms @ 24 MHz)

Controls watchdog timer enable/disable
0 [Disable

Figure 3.4.1 Watchdog Timer Mode Control Register
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The characteristics of RUN, IDLEZ2, IDLE1, and STOP modes are as follows:
[1] RUN: In this mode, only the CPU is halted. Power dissipation is almost the same
as when the CPU is operating.

[2] IDLE2: Only the internal oscillator and specific internal I/O operate. Power
dissipation is around one half that when the CPU is operating.

[3] IDLE1: Only the internal oscillator operates; all other circuits are halted. Power
dissipation is one tenth of operating mode dissipation.

[4] STOP: All internal circuits, including the internal oscillator, are halted. In this
mode power dissipation drops considerably.

Table 3.4.1 shows the operation of all blocks in HALT modes.

Table 3.4.1 Blocks and I/O Pin Operation in Halt Modes

Operating block

Halt mode RUN IDLE2 IDLE1 STOP
WDMOD <HALTM1, 0> 00 11 10 01
CPU Halted
I/0 ports Maintains state prevailing at HALT instruction execution | See Table 3.4.3

CAN controller Operating

8-bit timers %
16-bit timers
Serial channels /
Serial expansion
% Halted

AD converter
Watchdog timer
Interrupt controller j

(2) Release from HALT mode

Release from HALT mode can trigger an interrupt request or a reset. A combination of the
interrupt mask register <IFF2:0> state and the halt mode determine the useable halt release
source. (For details, see Table 3.4.2)

e Release by interrupt request

The operation to release HALT mode by using an interrupt request differs according to
the interrupt enable state. If the interrupt request level set prior to the execution of the
HALT instruction is higher than the interrupt mask register value, after HALT mode is
released, interrupt processing is performed by this source, and processing starts from
the next instruction following the HALT instruction. If the interrupt request level is
lower than the interrupt mask register value, HALT mode is not released. (At a
non-maskable interrupt, interrupt processing is performed after HALT mode release
irrespective of the mask register value.)

However, in the case of the INTO interrupt only, HALT mode can be released if the
interrupt request level is lower than the interrupt mask register value. In this case the
interrupt processing is not performed. Processing always starts from the next
instruction following the HALT instruction. (The INTO interrupt request flag is held at
1)

Note) Usually, interrupts can release all halts status. However, the interrupts (= NMI and INTO) which can release
the HALT mode may not be able to do so if they are input during the period when the CPU is shifting to the
HALT mode (for about 3 clocks of fc) with IDLE1 or STOP mode (RUN and IDLE2 are 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 completely to HALT mode, 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 the higher priority is handled first followed by the other interrupt.
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Release by reset

All HALT modes can be released by a reset. However, when releasing STOP mode,
allow sufficient reset time (at least 3 ms) for the oscillator to stabilize.
When releasing HALT mode by a reset, the internal RAM retains the data prevailing

immediately prior to entering the HALT mode. However, other settings are initialized.

Table 3.4.2 Halt Release Sources and Halt Release Operation

Interrupt enabled Interrupt disabled
Interrupt accept state
(interrupt request level) 2 (interrupt mask) (interrupt request level) < (interrupt mask)
HALT mode RUN | IDLE2 | IDLE1 | STOP | RUN | IDLE2 | IDLE1 | STOP
NMI 0 o 0 g - - - -
INTWD ] x x x - - — -
INTO o . o g o o o o’
INT1to 8 o o x x x x x x
Q [0}
o o INTTO to 7 o o x x x x x x
8 =3
® | @ | INTTR8,9,A B o o x x x x x x
A =
o 2 INTTOS, 9 m] o x x x x x x
o Q
,Gf E | INTRXO, TXO o o x x x x x x
-
< INTRX1, TX1 o o x x x x x x
INTCR, CT, CG m] u] x x x x x x
INTSEI o o x x x x x x
INTAD o x x x x x x x
RESET o o o u] o o o o
o: After HALT mode release, the CPU starts interrupt processing (a reset initializes the LSI).
O: After HALT mode release, processing starts from the next instruction following the HALT instruction.
(No interrupt processing)
X; Not used for HALT release.
- As the highest priority level (interrupt request level) for a non-maskable interrupt is fixed to 7, this
combination is not available.
*1: Releases HALT after the warmup time has elapsed.
Note: When releasing HALT in an interrupt enabled state by using a level mode INTO interrupt, maintain

high level on pin INTO until interrupt processing begins. If pin INTO changes to low level before

interrupt processing begins, interrupt processing cannot start correctly.
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(Example of release from HALT mode)
Releasing HALT mode using the edge mode INTO interrupt when the CPU is in RUN

mode:
Address
8203H LD (IIMC), 00H ; selects INTO interrupt rising edge
8206H LD (INTEOAD), 06H ; sets INTO interrupt level to 6
8209H El 5 ; sets CPU interrupt level to 5
820BH LD (WDMOD), 00H ; sets to RUN mode
820EH HALT ; halts CPU
INTO pininput /\ INTO interrupt processing
820FH RETI

LD
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(3) Operation in each mode

[1]] RUN mode

In RUN mode, the system clock continues operating even after execution of the HALT
instruction. Only the CPU instruction execution operations stop.

In HALT mode, interrupt requests are sampled on the falling edge of the CLK signal.

All the external and internal interrupts can be used for releasing RUN mode. (See
Table 3.4.2, Halt Release Sources and Halt Release Operation.)

Figure 3.4.2 shows the timing example for releasing HALT mode using an interrupt.

S W W AW W W a W eV Wa ¥ aWaWaWaWalal
CLK ) X X X:‘,s \ / \

A0 to 23 _X Address : o Address + 2
' ), ; |

001015 =A== ==~ (@E) L === A== dr == =L | @) | -

— I :
WR : ) :
: (
NMI TN
INTO « [
(Level) ; )
INTOto 8 : :
(Rising edge) : 4 f \
INTS, 7 § £
(Falling edge) ‘ I
Internal interrupt r)r) I
i< RUN/IDLE2 —>
mode :

Figure 3.4.2 Example of Timing for Releasing Halt by Interrupt (RUN or IDLE2 Mode)

[2] IDLE2 mode

In IDLE2 mode, the system clock is supplied only to specific internal 1/0. CPU
instruction execution halts.

In IDLE2 mode, the timing for releasing HALT mode by interrupt is the same as in
RUN mode.

External and internal interrupts, apart from INTWD/INTAD, can release IDLE2 mode.
(See Table 3.4.2, Halt Release Sources and Halt Release Operation.)

Before entering HALT mode in IDLE2 mode, disable the watchdog timer (to prevent
the generation of a watchdog timer interrupt immediately after halt mode release).
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CLK A X | S « \ / \
A0 to 23 _X Address o4 Address + 2

SROP O N 8 R B O W

INTO «

(Level) : 7 :
INTO é A\
(Rising edge) : n

3 Z

[3] IDLE1 mode

In IDLE1 mode, only the internal oscillator operates. The system clock stops. The CLK
pin outputs high level.

The interrupt request sampling in HALT mode is asynchronous to the system clock.
However, the release (resumption of operation) is synchronous.

Release IDLE1 mode by an external interrupt (NMI, INTO). (See Table 3.4.2, Halt
Release Sources and Halt Release Operation.)

Figure 3.4.3 shows the timing example for releasing HALT mode by interrupt.

VAV AW AW AW A AW W U aWaWaW AW aWy

)] : |

T AR

‘< IDLE1 mode —>i

Figure 3.4.3 Example of Timing for Releasing HALT by Interrupt (IDLE1 Mode)
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(4]

STOP mode

In STOP mode, all internal circuits, including the internal oscillator, are halted. The
pin states in STOP mode differ according to the setting of the watchdog timer mode
register WDMOD<DRVE>. (For details on the WDMOD<DRVE> settings, see Figure
3.4.1). Table 3.4.3 shows the pin states in STOP mode.

Release STOP mode by an external interrupt (NMI, INTO). When releasing STOP
mode, system clock output starts after the elapse of the warmup time (as set in the
warmup counter) in order to stabilize the internal oscillator. Set the warmup time in the

WDMOD<WARM> register.
Figure 3.4.4 shows an example of the timing for releasing HALT by interrupt.

Warmup time

CLK

AWV aWaWaW A I WaWaWaWaWaWal s
-

X X Y )—-ss--/‘“—\ (| / \

— : ) L
A0to23 Address Y- -G\ 1 Address ¥ 2
T § i N |
DOto 15 — = =|= = 1 <{Data) = = = + =i L =i = = = = — = =~ ~ — - —(Data)- + —
__ 5 (
RD / Ny ” /
— 5 L («
WR NS ”
__ . (
NMI » d
INTO «
(Level) )} _(){)
INTO ( 4 \
(Rising edge) : :
i STOP
" mode

Figure 3.4.4 Example of Timing for Releasing HALT by Interrupt (STOP Mode)
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Table 3.4.3 Pin States in Stop Mode
Pin Name Input/Output <DRVE> =0 <DRVE> =1

P00 to 07 Input mode o
Output mode Output
Input/output (DO to D7) - -

P10to 17 Input mode o
Output mode Output
Input/output (D8 to D15) - -

P20 to 27 Input mode o o
Output mode - Output
Output (A16 to A23) Output

P30 to 37 Input mode o
Output mode Output
Output (A8 to A15) - Output

P40 to 47 Input mode o
Output mode Output
Output (A0 to A7) - Output

P50 (RD ), P51 (WR ) Output mode a Output
Output (RD , WR ) - High level output

P52 to 55 Input mode PU* PU
Output mode PU Output

P56 (INTO) Input mode PU PU
Output mode PU Output
Input mode (INTO) Input Input

P57 (CLKOUT) Output mode PU Output
Output (CLKOUT) - High level output

P60 to 63 Input mode - Input
Output mode - Output

P70 to 75 Input mode - Input
Output mode - Output

P80, 83, 86 Input mode PU* PU
Output mode PU* Output

P81, 82, 84, 85, 87 Input mode PU* PU
Output mode PU Output

P90 to 97 Input mode - Input
Output mode - Output

PAO to 7 (ANO to 7) Input o o
Input (ADTRG ) - Input

NMI Input Input Input

CLK Output - High level output

RESET Input Input Input

EA Input Fixed to High level Fixed to High level

AMS8/16 Input Fixed to High level Fixed to High level

X1 Input - -

X2 Output High level High level

: Indicates that input is invalid for an input pin or a pin in input mode. Also, that the pin is set to high impedance for an output pin

or a pin in output mode.

Input : The input gate is functioning. To prevent the input pin from floating, fix the input voltage to low or high.

Output : Output state.

PU : Programmable pull-up pin. The input gate is functioning. Pins without pull-up set must be fixed to prevent through current.

PU* : Programmable pull-up pin. The input gate is disabled. A through current does not occur even if high impedance is set.

m] : The input gate continues to operate if the HALT instruction is executed and the CPU is halted at the port register address value.
To prevent a through current in this case, either fix the pin or ensure by software that the situation does not occur. In other
cases, input is invalid.

Note : The port register controls the programmable pull-up. However, if the function is set for a pin shared with an output function (eg,

TxDO0), the pull-up selection for the pin depends on the output function data. For pins that are shared with input functions, the

port register setting alone determines whether or not a pull-up resistor is used.
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3.5 Port Functions
TMP95CS54 has a total of 81 bits for input/output ports.
As well as being used as general-purpose I/O ports, port pins are also used for internal CPU
and built-in I/O functions. Table 3.5.1 lists port pin functions; Table 3.5.2, pin settings.
Table 3.5.1 Port Pin Functions
. Number . . Direction Pin Name for
Port Name Pin Name of Pins Direction R Setting Unit Built-In Function

Port0 P00 to PO7 8 Input/output - Bit D0 to D7
Port 1 P10 to P17 8 Input/output - Bit D8 to D15
Port 2 P20 to P27 8 Input/output - Bit A16to A23
Port 3 P30 to P37 8 Input/output - Bit A8to A15
Port4 P40 to P47 8 Input/output - Bit A0 to A7
Port5 P50 1 Output - (Fixed) RD

P51 1 Output - (Fixed) WR

P52 1 Input/output T Bit HWR

P53 1 Input/output T Bit BUSRQ

P54 1 Input/output T Bit BUSAK

P55 1 Input/output T Bit WAIT

P56 1 Input/output 0 Bit INTO

P57 1 Output T (Fixed) CLKOUT
Port 6 P60 1 Input/output - Bit SS

P61 1 Input/output - Bit MOSI

P62 1 Input/output - Bit MISO

P63 1 Input/output - Bit SCLK
Port7 P70 1 Input/output - Bit TIO/INT1

P71 1 Input/output - Bit TO1

P72 1 Input/output - Bit TO3/INT2

P73 1 Input/output - Bit TI3/INT3

P74 1 Input/output - Bit TO5

P75 1 Input/output - Bit TO7/INT4
Port 8 P80 1 Input/output Bit TxDO

P81 1 Input/output Bit RxD0O

P82 1 Input/output Bit SCLKO/CTSO

P83 1 Input/output Bit TxD1

P84 1 Input/output Bit RxD1

P85 1 Input/output 1 Bit SCLK1/CTS1

P86 1 Input/output 0 Bit Tx

P87 1 Input/output Bit Rx
Port 9 P90 1 Input/output - Bit TI8/INT5

P91 1 Input/output - Bit TI9/INT6

P92 1 Input/output - Bit TO8

P93 1 Input/output - Bit TO9

P94 1 Input/output - Bit TIA/INT7

P95 1 Input/output - Bit TIB/INT8

P96 1 Input/output - Bit TOA/TOB
Port A PAO to PA2 3 Input - (Fixed) ANO to AN2

PA3 1 Input - (Fixed) AN3/ADTRG

PA4 to PA7 4 Input - (Fixed) AN4 to AN7

R: T =With programmable pull-up resistor

Note: P57 is pulled-up only during reset.
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Table 3.5.2 Port Pin Setting Methods (1/3)
n : Corresponding portno. X:Don'tcare

Port Name

Pin Name

Function

Port Register Setting

PnCR

PnFC

Port0

P00 to PO7

Input port

Output port

None

D0 to D7

Port 1

P10to P17

Input port

Output port

D8to D15

Port 2

P20 to P27

Input port

Output port

A16to A23

Port3

P30 to P37

Input port

Output port

A81to A15

Port4

P40 to P47

Input port

Output port

A0 to A7

alalolm|m|lo|m|—|lojo|=|o|X|—=|O

Port5

P50

Output port

RD output at external access only

Always RD output

P51

Output port

WR output at external access only

None

P52

Input port (no pull-up)

Input port (with pull-up)

Output port

HWR output

P53

Input port (no pull-up)

Input port (with pull-up)

Output port

BUSRQ input (no pull-up)

BUSRQ input (with pull-up)

P54

Input port (no pull-up)

Input port (with pull-up)

Output port

BUSAK output

P55

Input port/WAIT input (no pull-up)

Input port/WAIT input (with pull-up)

Output port

P56

Input port/INTO input (no pull-up) (Note 1)

None

Input port/INTO input (with pull-up) (Note 1)

Output port

= |O|O|=|O|O|=|—~|O|0|0|O0|=|O|0O|=|=|O|C

P57

Output port

CLKOUT output

X|X|X|=|o|X|=|o|X|X|=|o|=|o|X|=|o[X|X|=|o|X|X]|a|=|X[X|X|>[>|>|x|x]|x|x|>x|x|x|x]|x|x]|F

None

Note 1: When using pin P56 as an INTO input, enable interrupt input with interrupt input mode
control register IMC<IOLE>.
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Table 3.5.2 Port Pin Setting Methods (2/3)
n : Corresponding port no.

X:

Don’t care

Port Name

Pin Name

Function

Port Register Setting

PnCR

PnFC

Port 6

P60

Input port/g_S input (slave)

SS input (master mode-fault enable)

SS input (master mode-fault disable)

Output port

P61

Input port/MOSI input (slave)

Output port

MOSI output (master) (Note 2)

P62

Input port/MISO input (master)

Output port

MISO output (slave) (Note 2)

P63

Input port/SCLK input (slave)

Output port

SCLK output (master) (Note 2)

—|lo|o|—=|o|lo|=|o|o|X|=]o|X

Port7

P70

Input port/TIO/INT1 input

Output port

None

P71

Input port

Output port

TO1 output

P72

Input port/INT2 input

Output port

TO3 output

P73

Input port/TI4/INT3 input

Output port

None

P74

Input port

Output port

TO5 output

P75

Input port/INT4 input

Output port

TO7 output

Port8

P80

Input port (no pull-up)

Input port (with pull-up)

Output port

TxDO0 output (Note 2)

—~|lo|ojo|=|o|X]|-=]o|X

P81

Input port/RxD0 input (no pull-up)

Input port/RxDO0 input (with pull-up)

None

Output port

P82

Input port/SCLKO/CTSO0 input (no pull-up)

Input port/SCLKO/CTSO input (with pull-up)

Output port

SCLKO output

P83

Input port (no pull-up)

Input port (with pull-up)

Output port

TxD1 output (Note 2)

X|X[=]o|X[X|=]o|X[=]o|X|[X|=]|o[X[X[X]|X]|X|X[>X]|X|X[X[>X]|X[X]|X]|>[>x|x]|X[>X|>|x|>|x|x[x|x]|x|x|[x<]|ZF

~lalolola|m|lo|lo|m|o|o|m|a|o|o|a|a|olala|lola|lola|a]o]alalola|lo|ala|lo|alalolw|=|lol=lolo|o

el k=lk=l =l (=] (=] k=]

Note 2: Opendrain enable register ODE<ODE4:0> is used to set the open drain output mode for
pins TxDO, TxD1, MOSI, MISO, and SCLK.
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Table 3.5.2 Port Pin Setting Methods (3/3)

n : Corresponding portno. X:Don'tcare

Port Name

Pin Name

Function

Port Register Setting

Pn PnCR PnFC

Port8

P84

Input port/ RxD1 input (no pull-up)

o

Input port/ RxD1 input (with pull-up)

None

Output port

P85

Input port/SCLK1/CTS1 input (no pull-up)

Input port/SCLK1/CTS1 input (with pull-up)

Output port

SCLK1 output

P86

Input port (no pull-up)

Input port (with pull-up)

Output port

Tx output

el k=l = =1 (=1 ==}

P87

Input port/ Rx input (no pull-up)

Input port/ Rx input (with pull-up)

None

Output port

Port9

P90

Input port/TI8/INT5 input

Output port

P91

Input port/TI9/INT6 input

None

Output port

P92

Input port

Output port

TO8 output

P93

Input port

Output port

TO9 output

P94

Input port/TIA/INT7 input

Output port

None

P95

Input port/TIB/INT8 input

Output port

P96

TOA/TOB output (Note 3)

R | R | O | O = | 2| OO =|O|=|O=|O|O|=|—=|O|O|—~|=|O|O|=|O

Port A

PAO to PA7

Input port

ANO to AN7 input (Note 4)

None

XX XXX XXX XXX ]X X X[ X[X[X]X[=[o|X]|X]|=]|o|X|X|[=]|0|X]|=|©

Note 3: POFC<TOS1> is used to switch between the TOA and TOB timer outputs to pin P96.

Note 4: When PAOD to PA7 are used as AD converter input channels, AD mode control register 1
ADMOD1<ADCH2:0> is used to select the channel.
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3.5.1 Port 0 (P00 to PQ7)
Port 0 is an 8-bit general-purpose input/output port with each port bit settable as an input
or output.
In addition to functioning as a general-purpose input/output port, port 0 also functions as
the data bus (DO to D7). The port 0 control register POCR sets the pins as inputs or outputs.
A reset sets all the bits of the POCR register to 0, and sets all pins to input mode.
When external memory is accessed, the port automatically functions as the data bus (DO to
D7) and all bits of POCR are cleared to 0.
™ (R
Direction
control .
(for each bit) External access
POCR write External access (data write)
: U
- Output latch AT l
[+
= Selector { [] P00 to PO7
= | D0toD7 POwrite B L (D0 to D7)
©
= 5
2 S gl
= 1
Selector | |
A
A L
PO read
-1
8 > [
S
External access (data read) Selector
Figure 3.5.1 Port 0 (P00 to P07)
Port 0 Register
7 6 s ¢ 4 i 3 P2 i 0
PO bit Symbol P07 P06 PO5 : P04 i PO3 i P02 : PO P00
0000H : - : :
( ) Read/Write RW
After reset Input mode (output latch register undefined)
Function Also functions as D7 to DO
Port 0 Control Register
7 6 5 1 o4 i3 b2 i 0
POCR bit Symbol [ P07C P06C POSC i P0O4C i P0O3C i PO2C | POIC POOC
(0002H) -
Read/Write w
Read- H H : H
modify-write | After reset 0 0 0 0 0 5 0 0 0
instructions
o ) Port 0 input/output settings
hibited.
pronibie Function 0:Input 1:Output
Note: When functioning as a data bus (DO to D7), POCR is cleared to 0.
Figure 3.5.2 Port 0 Related Registers
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3.5.2

Port 1 (P10 to P17)

Port 1 is an 8-bit general-purpose input/output port with each port bit settable as an input

or output.

In addition to functioning as a general-purpose input/output port, port 1 also functions as a
data bus (D8 to D15). The port 1 control register PICR and function register P1FC set the

port 1 functions.

Reset sets all the bits of the P1 output latch register and all bits of the P1ICR and P1FC
registers to 0, and sets port 1 to input mode.

Figure 3.5.3 Port 1 (P10 to P17)

Reset
~
“control
(for each bit)
P1CR write
FchrLcttriuuin External access (data write)
" (for each bit) EJJ
3
o
™ P1FC write
T
= }
e Qutput latch A S
v I A
hd v | ™
£ , Selector [] P10to P17
~ | pgtopis PTWrte 5 L (D8 to D15)
S g
< Selector
T A
P1 read
7]
- \EG

External access (data read)
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Port 1 Register
7 6 5 ¢ 4 i 03 2 1 0
P1 bit Symbol P17 P16 P15 P14 P13 P12 P11 P10
(0001H) -
Read/Write RW
After reset Input mode (output latch register cleared to 0)
Function Also functions as D15 to D8
Port 1 Control Register
7 6 5 1 4 i 3 2 1 0
P1CR bit Symbol P17C P16C P15C P14C P13C P12C P11C P10C
(0004H) -
Read/Write w
Read-modify- -
write After reset 0 0 0 : 0 0 0 0
instructions - -
prohibited. Function Port 1 function settings
L
Port 1 Function Register
7 6 5 a4 : 2 1 0
P1FC bit Symbol P17F P16F P15F P14F P13F P12F P11F P10F
(0005H) -
Read/Write w
Read-modify- n
write After reset 0 0 0 0 0 0 0
instructions - - -
prohibited. Function Port 1 function settings
—> Port 1 function settings
P1FC<P1xF>
0 1
P1CR<P1xC>
D
0 Inputport | (15 N D8)
1 Outputport | Do notset
Figure 3.5.4 Port 1 Related Registers
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3.5.3

Port 2 (P20 to P27)

Port 2 is an 8-bit general-purpose input/output port with each port bit settable as an input

or output.

In addition to functioning as a general-purpose input/output port, port 2 also functions as
an address bus (A16 to A23). The port 2 control register P2CR and function register P2FC set

the port 2 functions.

Reset sets all the bits of the P2 output latch register and all bits of the P2CR and P2FC

registers to 0, setting port 2 to input mode.

Reset

Direction
control
(for each bit)

S Internal address bus S

Aleto A23

P2CR write

|

Function
> control
(for each hit)

P2FCwrite

S

Internal data bus

Qutput latch

5

i

P2 write

pd!

T

P2 read

L
S g
Selector

A

A

selectar |——] g1

Figure 3.5.5 Port 2 (P20 to P27)

P20 to P27
(A16 to A23)
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Port 2 Register
7 6 { 5 i a4 i 3 i 2 1 0
P2 bit Symbol P27 P26 : P25 ! P24 P23 i P22 P21 P20
0006H - - - -
( ) Read/Write RW
After reset Input mode (output latch register set to 0)
Function Also functions as A23to A16
Port 2 Control Register
7 6 5 i a4 i 3 i 2 1 i 0
P2CR bit Symbol P27C P26C : P25C | P24C P23C | P22C P21C i P20C
(0008H) -
Read/Write w
Read-modify- - n -
write After reset 0 0 : 0 : 0 0 : 0 0 0
instructions - - - -
prohibited. Function Port 2 function settings
L
Port 2 Function Register
7 6 { 5 i a4 i 3 i 2 1 0
P2FC bit Symbol P27F P26F i P25F i P24F P23F | P22F P21F i P20F
(0009H) -
Read/Write W
Read-modify- n n n
write After reset 0 0 : 0 : 0 0 : 0 0 0
instructions - - - -
prohibited. Function Port 2 function settings
L Port 2 function settings
P2FC<P2xF>
0 1
P2CR<P2xC>
0 Input port
1 Output port &12d3rfés:1ug)
Note: When setting the address bus (A23 to A16), first set P2CR, then P2FC.
Figure 3.5.6 Port 2 Related Registers
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3.54  Port 3 (P30 to P37)

Port 3 is an 8-bit general-purpose input/output port with each port bit settable as an input
or output.

In addition to functioning as a general-purpose input/output port, port 3 also functions as
an address bus (A8 to A15). The port 3 control register P3CR and function register P3FC set
the port 3 functions.

Reset sets all the bits of the P3 output latch register and all bits of the P3CR and P3FC
registers to 0, setting port 3 to input mode.

— Reset S Internal address bus S

ABto A15

Direction
control
(for each bit)

P3CRwrite

Function

control
(for each bit)

data bus

P3FCwrite

B S
l Selector

Output latch A

)

P3 write

Selector
A

P3 read

] P30to P37
(A8to A15)

Internal

N7

Figure 3.5.7 Port 3 (P30 to P37)
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Port 3 Register

7 6 5 i a4 i 3 i 2 1 i 0

P3 bit Symbol P37 P36 i P35 i P34 P33 i P32 P31 i P30
0007H - - - - -
( ) Read/Write RIW
After reset Input mode (output latch register cleared to 0)
Function Also functions as A15 to A8
Port 3 Control Register

7 6 { 5 i a4 i 3 i 2 1 i 0

P3CR bit Symbol P37¢C P36C : P35C i P34C P33C i P32C P31C i P30C
000AH - - - :
( ) Read/Write w
Read-modify- ; T :
write After reset 0 0 ; 0 : 0 ; 0 i 0 0 0
instructions . . .
prohibited. Function Port 3 function settings
L
Port 3 Function Register

7 6 { 5 i 4 i 3 i 2 1 0
P3FC bit Symbol P37F P36F i P35F | P34F P33F | P32F P31F | P30F
(000BH) -

Read/Write w
Read-modify- T T T
write After reset 0 0 0 0 ; 0 0 0 0
instructions . . .
prohibited. Function Port 3 function settings
L—— Port 3 function settings
P3FC<P3xF>
0 1
P3CR<P3xC>
0 Input port
1 Output port ?‘g?ﬁ?zg;
Note: When setting the address bus (A15 to A8), first set P3CR, then P3FC.
Figure 3.5.8 Port 3 Related Registers
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3.55  Port 4 (P40 to P47)

Port 4 is an 8-bit general-purpose input/output port with each port bit settable as an input
or output.

In addition to functioning as a general-purpose input/output port, port 4 also functions as
an address bus (A0 to A7). The port 4 control register PACR and function register P4FC set
the port 4 functions.

Reset sets all the bits of the P4 output latch register and all bits of the PACR and P4FC
registers to 0, setting port 4 to input mode.

. Reset S Internal address bus S

Al to A7

Direction
control
(for each bit)

PACR write

Function

control
(for each bit)

P4FC write

B S
l Selector

Output latch A

)

P4 write

[7] P40 to P47
(A0 to A7)

5z

Internal data bus

S

Selector

A

7\

Pl read

Figure 3.5.9 Port 4 (P40 to P47)
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Port 4 Register
7 6 5 ¢ 4 i 3 2 1 Pooo
P4 bit Symbol P47 P46 P45 Pa4a i P43 P42 P41 i P40
(000CH) -
Read/Write RIW
After reset Input mode (output latch register cleared to 0)
Function Also functions as A7 to A0
Port 4 Control Register
7 6 5 i 4 i 3 2 1 0
P4ACR bit Symbol P47¢C P46C P45C Paac : P43C P42C P41C P40C
(0O00EH) -
Read/Write w
Read-modify- ;
write After reset 0 0 0 : 0 i 0 0 0 0
instructions . . .
prohibited. Function Port 4 function settings
L
Port 4 Function Register
7 6 5 i 4 i 2 1 0
P4FC bit Symbol P47F P46F P45F P44F P43F P42F P41F P40F
(0O00FH) -
Read/Write w
Read-modify-
write After reset 0 0 0 : 0 : 0 0
insm,’c,tions Function Port 4 function settings
prohibited.
—>  Port 4 function settings
PAFC<PAxF>
0 1
PACR<P4xC>
0 Input port
Address bus
1 Output port (A7 to A0)
Note: When setting the address bus (A7 to A0), first set PACR, then P4FC.
Figure 3.5.10 Port 4 Related Registers
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3.5.6

Port 5 (P50 to P57)

Port 5 is an 8-bit general-purpose input/output port with each port bit settable as an input
or output. However, P50, P51 and P57 are output-only ports.

In addition to functioning as a general-purpose input/output port, port 5 also has a CPU
control/status signal input/output function, a WAIT input function, an INTO external
interrupt input function, and a CLKOUT output function. The port 5 control register P5SCR
and function register P5FC set the port 5 functions.

Reset sets all the bits of the P5 output latch register and bit 7 of P5FC to 1 and clears all
bits of P5CR (bits 0, 1 and 7 are unused) and bits 0, 1, 2, 3 and 4 of P5FC (bits 5 and 6 are
unused) to 0. Pins P50 and P51 output 1 and P52 to P56 are set to input mode with resistors
pulled up and P57 output CLKOUT.

When P50 is set as the RD pin (when PSFC<P50F> = 1) when P5<P50> is cleared to 0, the
P50 RD signal is output even when an internal address area is accessed, and external
PSRAM (pseudo SRAM) can be refreshed. If <P50> is set to 1, the RD signal is output only
when an external area is accessed.

(1) Port 50 (RD)
In addition to functioning as a general-purpose output-only port, port 50 can also

function as the RD pin.

N\
Reset

Function
control
(for each bit)

P5FC write

1

(Set) A S
Output latch I~ -
A Selector | P50 (RD)

) L
P5 write B

’—) External access (data read)
Pl P5<P50>
T ! Internal RD signal

- P5read

data bus

Internal

Figure 3.5.11 Port 5 (P50)
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(2) Port 51 (WR)

In addition to functioning as a general-purpose output-only port, port 51 can also
function as the WR pin.

data bus

Internal

Reset

Function
control

(for ea*ch bit)

PS5FC write

¥

(Set)
Output latch

{
A S

A

P5 write

pd

\1\1

P5 read

Figure 3.5.12 Port 5 (P51)

] P51 (WR)

Selector

|—>B
WR

(3) Ports 52, 54 (HWR, BUSAK)

In addition to being general-purpose input/output ports, port 52 can also function as

Internal data bus

the HWR pin, and port 54 can also function as the BUSAK pin.

Reset

Direction
control
(for each bit)

PSCR write

I —

Function

contraol

(for each hit)

PSFC write

R

(Set)
Output latch

A S

1

}

P5 write

Selector

’—-B

>0 %P-ch
!

Programmable
pull-up

HWR, BUSAK

\1\1

P5read

S

Selector

B

A

l//

Figure 3.5.13 Port 5 (P52, P54)

P52 (HWR
L] P54 (BUSAK
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(4) Port 53 (BUSRQ)

In addition to being a general-purpose input/output port, port 53 also functions as the
BUSRQ pin.

M Reset

Direction
control
(for each bit)

PSCR write
Function

control

(for each bit)

Programmable
PSFC write DD—{ P'Ch( pull-up )
I

(Set) : [ !
Output latch |

)

PS5 write

7] P53 (BUSRQ)

Internal data bus

5B

!

Selector
y A
P5 read g

Internal _

T BUSRQ

Figure 3.5.14 Port 5 (P53)
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(5) Port 55 (WAIT)

In addition to being a general-purpose input/output port, port 55 also functions as the

P_Ch(Pro rammable )

Figure 3.5.15 Port 5 (P55)

(6) Port 56 (INTO)

In addition to being a general-purpose input/output port, port 56 also functions as the
external interrupt request input INTO pin.

WAIT pin.
g Reset
Direction
control
{for each hit) T
A
2 P5CR write E>O_| pull-up
- I
L+
= (Set) . [~
= Output latch L
= A
c PS5 write
@
= S &
< Selectar
T A
PSread %7
internal |
T WAIT

[ ] P55 (WAIT)

N Reset
Direction
r contrl_c‘)lb. )
1
or each bi E|:P-ch
“» P5CR write Programmable )
o E—
©
5 (Set) [~
35 Output latch L~ {1P56 (INTO)
- A s
i P5 write Bl
.E <] Selector W
- A
P5read
Level/risingedge |
INTO ‘—CI‘T detection
b~ IIMC<IOIE> IIMC<IOLE>
Figure 3.5.16 Port 5 (P56)
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(7) Port 57 (CLKOUT)

In addition to being a general-purpose output port, port 57 also functions as the

CLKOUT output pin.

Reset

(Set)
Function
control

(for each bit)

A

PSFC write

¥

(Set)
Output latch

Internal data bus

A S

A

P5 write

Reset P-ch

Selector

CLKOUT

B

pd
\l\l

P5 read

| >— {T] P57 (CLKOUT)

Note: During the reset, port 57 is pulled up. After the reset, port 57 functions as the CLKOUT

output pin.

Figure 3.5.17 Port 5 (P57)
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Port 5 Register
7 ¢ 6 i+ 5 i 4 i 3 2 1 0
bit Symbol P57 P56 Pss i P54 i P53 P52 P51 P50
P5
(000DH) Read/Write RW
Output :
After reset only : Input mode (Setto 1/ pulled up) i Outputonly (setto 1)
(setto1) : :
Also i Also i Also i Also i Also i Also i Also i Also

Function

functions | functions :functions :functions :functions :functions :functions :functions
:asBUSAK :asBUSRQ :as HWR

as CLKOUT ; asINTO i as WAIT

iasWR iasRD

Note: When port 5is in input mode, the internal pull-up resistor is controlled by the P5 register. When using
port 5 in input mode or in both input and output modes (if just one bit is set to input mode), read-
modify-write instructions cannot be executed. The internal pull-up resistor setting may change
depending on the state of the input pin.

Port 5 Control Register

7 ¢ 6 i 5 1 a4 | 3 2 L1 i o

P5CR bit Symbol i Pps6C P55C P54C P53C P52C
(0010H) -

Read/Write w
Read-modify- : - :
write After reset 0 : 0 ; 0 : 0 : 0
instructions Function Port 56 to 52 input/output settings
prohibited. 0: Input 1: Output

—> Port 56 function settings (Note 2)

Port 55 function settings (Note 1)

<P56> 0 1 <P55> 0
<P56CS <P55CS 1
Input port/ Input port/
0 '&ﬁ‘gi’r’fﬁt’ INTO input 0 nput f’:rsi WATT input
P (pull-up) P (pull-up)
1 Output port 1 Output port

Note 1: When using port 55 as the WAIT pin, set PSCR<P55C> to 0 and set the bus width/wait control register

WAITCx<BxW2:0> to 010 (1 WAIT + N)or 100 (0 + N WAIT).

Note 2: When using port 56 as the INTO pin, set PSCR<P56C> to 0 and set the interrupt input mode control register

IIMC<IOIE> to 1.

Figure 3.5.18 Port 5 Related Registers (1/2)
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Port 5 Function Register

7 ¢ 6 { s i a4 i 3 i 2 i 1 i 0
P5FC bitSymbol | P57F i PS4F i PS3F | P52F i P51F i PS0F
(0011H) - * * t
Read/Write W H : i w
Read-modify- ; : : :
write After reset 1 : : g 0 : 0 : 0 : 0 : 0
instructions Function |0:Port i : {0:Port :0:Port i0:Port :0:Port :0:Port
prohibited. 1:CLKOUT : {1:BUSAK :1:BUSRQ :1:HWR :1:WR i1:RD
— |
——> Port 53 function settings |—> Port 50 function settings
<P53F>| 0 1 <P50>
<P53C> <PSOFS 0 1
Input port BUSRQ input 0 Output port
hen <P53> =0) | /When <P53> =0) 1=
0 no:pulled up: not pulled up; Normally RD | RD output only
when <P53> =1,/ [|when <P53> =1, 1 output (for at external
pulled up pulled up PSRAM) access
1 Output port
. . —> Port 51 function settings
——> Port 54 function settings
0 Output port
<psar> 1 ¥l |l F N PN
< P54C> 0 1 1 | WRoutput only at external access
Input port
hen <P54> =0, . .
0 not pulled up; Do not set —> Port 52 function settings
when <P54> =1, <P52F>
pulled up <P52C> : !
1 Output port BUSAK output Input port
When <P52> =0)
0 not pulled up; Do not set
——> Port 57 function settings when <P52>=1,
pulled up
0 Qutput port 1 Output port HWR output
......................................................................... utput po o
17 ¢LkoUT output PP e

Figure 3.5.18 Port 5 Related Register (2/2)
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3.5.7

Port 6 (P60 to P63)

Port 6 is a 4-bit general-purpose input/output port with each bit settable as an input or
output.

In addition to functioning as a general-purpose input/output port, port 6 also has a serial
expansion interface function (SS, MOSI, MISO and SCLK). The port 6 control register P6CR
and the port 6 function register P6FC set the functions.

Reset sets the P60 to P63 output latch to 1. Reset also clears all bits of the P6CR and P6FC
register to 0, setting port 6 to a general-purpose input port.

(1) Port 60 (SS)

In addition to being a general-purpose input/output port, port 60 also functions as the
SS pin.

Mt Reset

Y
Direction
> control _
(for each bit)

PBCR write
Function

> control
(for each bit)

P&EFC write

S

(Set) [~
Output latch

[}

P& write

data bus

/

|

] P60 (S5)

Internal

S Bl

- Selector
T A

P6 read

Internal 55 ==

(for SEI mode-fault) '\°t©

Note) There is no Mode fault detection.

Figure 3.5.19 Port 6 (P60)
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(2) Port 61, 62, 63 (MOSI, MISO, SCLK)

In addition to being general-purpose input/output ports, port 61 also functions as the
MOSI pin, port 62 also functions as the MISO pin, and port 63 also functions as the

SCLK pin.
MOSI
MISO
scik J
1 Reset Output enable
—
Direction L
contral
(for each bit)
PBCR write
Function
control
(for each bit)
PBFC write
2 (Set) A S
o Output latch
L )
= P6 write Selector rl‘/' D
hl . P61 (MOSI)
b Open drain settable
b MOSI, MISO, . ] P62 (MISO)
E SCLK B Note: ODE <QDEZ2:0> P63 (SCLK}
5
< Selector
T A
P& read
MOSI, MISO,
e SCLK
Figure 3.5.20 Port 6 (P61, P62, P63)
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Port 6 Register
6 : 5 i 4 i 3 i 2 i 1 i 0
bit Symbol ' i P63 i P62 i P61 i P60
P6
(0012H) Read/Write R/W
After reset Input mode (set to 1)
i Also i Also : Also : Also
Function i functions : functions : functions : functions
i asSCLK. : asMISO. i asMOSI. : asSS.
Port 6 Control Register
6 { 5 i a4 i 3 i 2 i 1 i o0
P6CR bit Symbol P63C i P62C i P6IC i P6OC
(0014H) -
Read/Write w
Read-modify- n " T
write After reset 0 : 0 : 0 H 0
instructions . : . . R .
prohibited. Function i Port 6 input/output settings 0:Input 1:Output

Figure 3.5.21 Port 6 Related Registers (1/2)
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Port 6 function register
7 6 5 1 4 i 3 2 i1 i o0
P6FC bit Symbol P63F P62F i PBIF P60F
0015H
( ) Read/Write w
Read-modify- H :
write After reset 0 0 0 5 0
instructions : : : i mode-
prohibited. : : : :
Function i0:Port :0:Port :0:Port §;ZL;|:C1:
$1:5CLK  i1:MISO :i1:MOSI :_ .
: : : :0: Enable
: : H i 1: Disable
Port 63 function settings
<P63F> 0 1
<P63C>
Input port
0 putpo Do not set
SCLK (slave)
1 Output port | SCLK (master)
Port 62 function settings
<P62F> 0 :
<P62C>
Input port
0 putp Do not set
MISO (master)
1 Output port | MISO (Slave)

Port 61 function settings

<P61F> 0 1
<P61C>
Input port
0 putp Do not set
MOSI (slave)
1 Output port | MOSI (master)

N
Port 60 function settings

ote2)

<P60F>

mode fault detect

0

Enable (master)

1

Disable (master)

Note: When setting pins MOSI, MISO, and SCLK to open drain output, set the open drain enable register

ODE <ODE2:0> to 1.

Pins P60/SS (master/slave), P61/MOSI (slave), P62/MISO (master), and P63/SCLK (slave) do not have
port/function switching registers. Therefore even when the pins are used as input ports, data are still
input to SEl as function data.

Note2: There is no Mode fault detection. Set <P60F>, which is the enable/disable bit for Mode fault detection, to “1” to

disable the Mode fault detection function.

Figure 3.5.21 Port 6 Related Registers (2/2)

95CS54-65

2005-05-10



TOSHIBA

TMP95CS54

3.5.8

Port 7 (P70 to P75)

Port 7 is a 6-bit general-purpose input/output port with each port bit settable as an input
or output.

In addition to functioning as general-purpose input/output port pins, port 7 pins also
function as event count inputs for the 8-bit timer, outputs for the 8-bit timer, and INT1 to 4
inputs for the external interrupt function.

Port 7 control register P7CR and port 7 function register P7FC set the port 7 functions.

Reset clears all bits of the output latch register and P7CR to 0, setting all pins to input
mode.

To enable the timer output function, write 1 to the corresponding bits in both P7CR and
P7FC.

(1) Port 70, 73 (TIO/INT1, T14/INT3)

In addition to functioning as a general-purpose input/output port, port 70 can also
function as the event count input TIO for timer 0 and as the external interrupt request
input INT1.

In addition to functioning as a general-purpose input/output port, port 73 can also
function as the event count input TI4 for timer 4 and as the external interrupt request
input INTS.

Caution when using INT1 and INT3 interrupts

Input is always enabled for the INT1 and INT3 external interrupt requests.

Caution is required if port 70 or 73 is used as a general-purpose input/output port or a
timer event count input while the INT1 and INT3 interrupt functions are in use. This is
because rising edges on these input/output signals generate interrupt requests.

Caution when using timer event count inputs T10 and Tl4

Input is always enabled for the timer event count inputs TIO and TI4.

Caution 1is required if port 70 or 73 is used as a general-purpose input/output port or
an INT1 or INT3 interrupt during event counting based on TIO or TI4. This is because
these input/output signals trigger an event count on the timer.

~— Reset

Direction
control
(for each bit)

P7CR write

3

Output latch > {1 P70 (TI0/INT1)
I P73 (TI4/INT3)

P7 write

pd!

Selector
T A

P6 read

data bus

SB

Internal

Rising edge

INT1,3 €—— .
detection

TIO, 4 =

Figure 3.5.22 Port 7 (P70, P73)
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(2) Port 71, 74 (TO1, TO5)

In addition to functioning as a general-purpose input/output port, port 71 also

functions as TO1 for output of timers 0 and 1. In addition to functioning as a
general-purpose input/output port, port 74 also functions as TO5 for output of timers 4

and 5.

N\ Reset

—

Direction
control
(for each bit)

P7CR write

I —

Function
control
(for each bit)

data bus

P7FCwrite

S

Internal

Output latch

—

A

P7 write

Timer output
TO1:Timer0, 1
TO5: Timer4,5

pd

A S

Selector
B

—

P7 read

Figure 3.5.23 Port 7 (P71, P74)

SB

Selector
A

{1 p71(TOY)
P74 (TO5)
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(3) Port 72, 75 (TO3/INT2, TO7/INT4)

data bus

Internal

In addition to functioning as a general-purpose input/output port, port 72 also
functions as TO3 for output of timers 2 and 3 and as the external interrupt request input
INT2.

In addition to functioning as a general-purpose input/output port, port 75 also
functions as TO7 for output of timers 6 and 7 and as the external interrupt request input
INTA4.

Caution when using INT2 or INT4 interrupts

Input is always enabled for the INT2 and INT4 external interrupt requests.

Caution is required if port 72 or 75 is used as a general-purpose input/output port or
timer event count input port while the INT2 and INT4 interrupt functions are in use.
This is because rising edges on these input/output signals generate interrupt requests.

Reset

—

Direction

control
(for each bit)

\

P7CR write

Function

control
(for each bit)

P7FC write

3

Output latch [N S

A Selector > ] P72 (TO3/INT2)

' P7 write P75 (TO7/INT4)
Timer output B

TO3:Timer2,3

TO7 : Timer6,7 f

pd o K\7

Selector
T A

P7 read

Rising edge

INT2,4 <— .
detection

Figure 3.5.24 Port 7 (P72, P75)
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Port 7 Register
6 i 5 i 4 i 3 P2 1 i0
P7 bit Symbol P7s i P74 i P73 i P72 P71 i P70
(0013H) Read/Write RIW
After reset Input mode (output latch register cleared to 0)
i Also  Also i Also i Also : : Also
: functions : functions : functions : functions : functions functions
Function ;as asTO5 :as :as asTO1 :as
:TO7/INT4 : :TI4/INT3  :TO3/INT2 : S TIO/INT1
: (Note) : (Note) : (Note) : (Note)
Port 7 Control Register
6 { 5 i a4 i 3 i 2 1 0
P7CR bit Symbol P75C : P74C i P73C i P72C P71C P70C
0016H
( ) Read/Write w
Read-modify- : : :
write After reset 0 g 0 : 0 : 0 : 0 0
instructions Function Port 7 input/output settings
prohibited. unctio 0: Input 1: Output
Port 7 Function Register
6 5 i 4 i 3 i 2 1 0
P7FC bit Symbol P7SF i P74F i P72F P71F
(0017H) X ' t
Read/Write W H i "
Read-modify- :
write After reset : 0 : 0 : : 0 : 0
instructions Function i0:Port :0:Port i0:Port :0:Port
prohibited. u (1:T07  i1:705 {1:703  i1:7O1
1

I—> Port 71 function settings

<P71F> 0
<P71C> !
0 Input port
1 Output port | TO1 output
——> Port 72 function settings
<P72F>
<P72C 0 !
0 Input port/INT2 input
1 Output port | TO3 output
Port 74 function settings
<P74F>
<P74C> 0 !
0 Input port
1 Output port | TOS5 output
Port 75 function settings
Note: No register is provided to switch between the external interrupt <P75F> 0 1
input, event counter input, and port input/output functions. <P75C>
Therefore, even when port 7 is used as a port, the interrupt signal 0 Input port/INT4 input
input and event counter input are enabled. 1 Outoutport | TO7 outout
When using port 7 exclusively as a port, disable the interrupt and Utput po outpu
event counter input.
Figure 3.5.25 Port 7 Related Registers
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3.5.9

-~ P8 read

Port 8 (P80 to P87)

Port 8 is an 8-bit general-purpose input/output port with each port bit settable as an input
or output.

In addition to being a general-purpose input/output port, port 8 also functions as a serial
channel TxD output, RxD input, SCLK input/output, and CAN controller Tx output and Rx
input.

Port 8 control register PSCR and port 8 function register PS8FC set the functions.

Reset sets all bits of the output latch to 1. It also clears all bits of the PSCR and PSFC
registers to 0, setting port 8 to input mode using pull-up resistors.

Port pins 80 and 83 have a programmable open drain function.

(1) Ports 80, 83, 86 (TxDO0, TxD1, Tx)

Ports 80, and 83 function as the serial channel TxDO and TxD1 outputs as well as
input/output ports.

These ports have a programmable open drain function. Setting open drain disables
pull-up.

Port 86 functions as the CAN controller Tx output as well as input/output ports.

Reset

Direction
control
(for each bit)

P8CRwrite
Function

control
(for each bit)

data bus

P8FC write

’—|>0———|ET>P-ch
¥
Programmable
(Set) Q _ )
Output latch (A S ull-up

A | N P80 (TxDO)
P8 write selector L~ L pe3 (TxD1)
TxDO, TxD1, B P86 (Tx)

T« Open drain settable
—
SB

Internal

Note: ODE<ODE4:3>
(P80 and P83 only)

g

Selector
T A

Figure 3.5.26 Port 8 (P80, P83, P86)
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Internal data bus

data bus

Internal

(2) Port 81, 84, 87 (RxDO, RxD1, Rx)

Ports 81, and 84 function as serial channel RxD0 and RxD1 inputs as well as

input/output ports.
Port 87 functions as the CAN controller Rx input as well as input/output port.

Reset

Direction
control

(for ea+ch bit)

P8CRwrite

I

(Set)
Output latch

e e | ET>P-ch

Programmable )
pull-up

A

P8 write
e

SB

RxDO, RxD1, Rx

P8 read

Selector

N [] P81 (RxDO)
P84 (RxD1)
P87 (Rx)

A

Figure 3.5.27 Port 8 (P81, P84, P87)

(3) Port 82 (SCLKO0O/CTSO0)

Port 82 functions as the SCLKO input/output for serial channel 0 as well as an

input/output port. The port also functions as the CTSO input.

Reset

Direction
control
(for each bit)

P8CR write

—

Function
control
(for each bit)

P8FC write

¥

(Set)
Output latch

A S

P8 vtrite

pull-up

T ET'<b )

Selector

SCLKO

!

B

+_._
S Ble

> {1 P82 (SCLKO/CTSO)

\*\I

P8 read

Selector

A

pd

]

SCLKO-=

~

Figure 3.5.28 Port 8 (P82)
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Internal data bus

(4) Port 85 (SCLK1/CTS1)

Port 85 functions as the SCLK1 input/output for serial channel 1 as well as an

input/output port. The port also functions as the CTS1 input.

Reset

Direction
control
(for each bit)

P8CR write

I — ¥

Function
control
(for each bit)

P8FC write

I

o

(Set)
Output latch

Programmable
pull-up

)

A S

P8 write

] P85 (SCLK1/CTST)

Selector

SCLK1

B

—
S

Selector
A

Figure 3.5.29 Port 8 (P85)
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Port 8 Register
7 6 5 i 4 i 3 2 1 0
P8 bit Symbol P87 P86 i P85 i P84 P83 P82 P81 P80
(0018H) Read/Write RIW
After reset Input mode (Set to 1/pulled up)
Also i Also :Also : Also :Also iAlso : Also : Also
Functi functions : functions :functions :functions :functions :functions :functions :functions
unction | as Rx i asTx ias iasRxD1 iasTxD1 :as iasRxDO :asTxDO
H iSCLK1/CTST: : i{SCLKO/CTSO: H
Note: When port 8 is in input mode, the P8 register controls the internal pull-up resistor.
When using port 8 in input mode or in both input and output modes (if a bit is set to
input), do not execute read-modify-write instructions. The internal pull-up resistor
setting may change depending on the state of the input pin.
Open Drain Enable Register
7 6 | 5 i a4 i 3 2 1 0
ODE | bitSymbol : i ODE4 ODE3 ODE2 ODET1 ODEO
(0058H) | Read/Write R/W
After reset 0 0 : 0 : 0 : 0
iPort83  iPort80 iPort63  iPort62  :Port6!
foutput  ioutput ioutput output ‘output
Function settings settings gsettlngs ;settmgs ésettlngs
: 0: CMOS 0: CMOS gO: CMOS §0: CMOS 50: CMOS
i1:Open i1:Open i1:Open i1:Open i1:Open
drain i drain : drain : drain : drain

Port 83 output settings

0 |CMOS output

1 [Opendrain output

Port 80 output settings

: :

0 |CMOS output

1 |Open drain output

L> Port 61 output settings

CMOS output

Open drain output

Port 62 output settings

CMOS output

Open drain output

Port 63 output settings

CMOS output

Open drain output

Figure 3.5.30 Port 8 Related Registers (1/2)
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Port 8 Control Register
7 6 ¢ 5 1 a4 i 3 i 2 1 0
P8CR bit Symbol P87C P86C P85C P84C P83C P82C P81C P80C
(001AH) Read/Write w
Read-modify- H H
write After reset 0 0 0 : 0 : 0 : 0 0 0
instructions . Port 8 input/ output setting
prohibited. Function 0: Input 1: Output
Port 8 Function Register
7 6 i 5 i 4 i 3 i 2 1 0
P8FC bit Symbol P86F P85F P83F P82F P8OF
001BH
( ) Read/Write w W w
Read-modify- T :
write After reset 0 : 0 : 0 : 0 : 0
instructions i0:Port :0:Port i0:Port i0:Port i :0: Port
prohibited. Function P1:Tx i1:SCLK1 i1:TxD1 i 1:SCLKO i1:TxDO
: /CTS1 /CTSO :
|—> Port 85 function settings I—> Port 80 function settings
< P85F> 0 1 < P80OF> 0 1
[<P85C> <P80C>
Input port Input port
SCLK1/CTS1 hen <P80> =0)
- 0 not pulled up; Do not set
0 W:f,? piﬁzz zp; 0\| Donotset (:jhen <P80> =1,
when <P85> =1, pulled up
pulled up 1 Output port TxDO output
1 Output port SCLK1 output
—> Port 82 function settings
—> Port 86 function settings <P82F>
<P86F> 5 1 <P82C> 0 !
<P86C> Input port
Input port SCLKO/CTSO
hen <P86> =0) 0 hen <P82> =0) Do not set
0 not pulled up; Do not set not pulled up;
when <P86> =1, when <P82> =1,
pulled up pulled up
Output port Tx output 1 Output port SCLKO output
—> Port 83 function settings
<P83F>
. <P83C> 0 1
Note: When setting pins TxDO and TxD1 to open drain output, set the F—r——
open drain enable register ODE<ODE4:3> to 1. Pins P81/RxDO, F:'nenZP83>=0,
P84/RxD1, and P87/RX do not have port/function switching registers. 0 :°t "<”F','§§’>‘"’_’1 Do not set
Therefore, even when the pins are used as input ports, data are still WpeuT|ed up o
input to SIO or CAN as receive data. 1 Output port TxD1 output

Figure 3.5.30 Port 8 Related Registers (2/2)
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3.5.10 Port 9 (P90 to P96)

Port 9 is a 7-bit general-purpose input/output port with each port bit settable as an input
or output.

In addition to its input/output port functions, port 9 also functions as a 16-bit timer input
clock pin, a 16-bit timer output pin, and inputs for INT5 to 8. Port 9 control register P9CR
and port 9 function register P9FC set the port 9 functions.

A reset clears all bits of the P9 output latch and all bits of the POCR and P9FC registers to
0, setting port 9 to input mode.

To enable the timer output function, write 1 to the corresponding bit in POFC.
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(1

N\

—~— TI8,9,A,B

Ports 90, 91, 94, 95 (TI8/INT5, TI9/INT6, TIA/INT7, TIB/INTS)

In addition to functioning as general-purpose input/output ports, ports 90 and 91 can
also function as timer 8 event count inputs TI8 and TI9, and as external interrupt
request inputs INT5 and INT6. Ports 94 and 95, in addition to being general-purpose
input/output ports, can also function as the timer 9 event count inputs TIA and TIB, and
as the external interrupt request inputs INT7 and INTS.

Caution when using INT5 to INTS8 interrupts

Input is always enabled for the INT5 to INT8 external interrupt requests.

Caution is required if ports 90, 91, 94, or 95 are used as general-purpose input/output
ports or timer event count inputs while the INT5 to INT8 interrupt functions are in use.
This is because rising or falling edges on these input/output signals generate interrupt
requests.

Caution when using timer event count inputs T18 to TIB

Input is always enabled for timer event count inputs TI8 to TIB.

Caution is required if ports 90, 91, 94, or 95 are used as general-purpose input/output
ports or INT5 to INTS8 interrupts during event counting based on TI8 to TIB. This is
because these input/output signals trigger an event count on the timer.

Reset
Direction
control
(for each bit)
P9CR write
" Output latch > {_] P90 (TI8/INT5)
2 P91 (TI9/INT6)
A P94 (TIA/INT7)
s P9 write S B P95 (TIB/INTS)
©
©
_ < Selector
5 T
c A
o P9 read
e
- Rising edge
B
INT6, 8 detection
INTS Rising / falling edge
detection
A
T8MOD<CAP12M1,0>
INT7 Rising / falling edge
detection
A
TIMOD<CAP34M1, 0>

Figure 3.5.31 Port 9 (P90, P91, P94, P95)
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(2) Ports 92, 93 (TO8, TO9)

In addition to operating as a general-purpose input/output port, port 92 also functions
as the TO8 output for timer 8. Port 93 operates as the TO9 output for timer 8 as well as
functioning as a general-purpose input/output port.

N Reset

—

Direction
control
(for each bit)
A

PICR write
Function

control
(for each bit)

P9FC write

S

Output latch LN S

A Selector 1> ] P92 (TOS)

P9 write
Timer output B P93 (T09)

TO8 (timer 8 output)

TO9 (timer 8 output) ¥
S
Bl

Internal data bus

pd!

Selector
N T A

P9 read

Figure 3.5.32 Port 9 (P92, P93)
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Internal data bus

(3) Port 96 (TOA/TOB)

In addition to functioning as a general-purpose input/output port, port 96 also

functions as the TOA and TOB outputs for timer 9.

Reset

—

Direction

control
(for each bit)

PICR write

3

Function

control
(for ea+ch bit)

POFC write

I

Timer output

TOA (timer 9 output) —{A

TOB (timer 9 output) —(B ¢

A

P9 write

Selector

A

PIFC<TOS1>
b

Outputlatch [T |

A S

Selector
B

S

\*\1

P9 read

5B
Selector
A

Figure 3.5.33 Port 9 (P96)

"] P96 (TOA/TOB)
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Port 9 Register
7 6 5 ¢ 4 i3 i 2 1 0
P9 bit Symbol P96 P95 P94 i P93 i P92 P91 P90
(0019H) Read/Write R/W
After reset : Input mode (output latch register cleared to 0)
i Also {Also functions: Also functions: Also i Also i Also functions: Also functions
Function i functionsas asTIBANT8 iasTIA/INT7 :functionsas : functionsas :asTI9/INT6 :asTI8/INTS
{TOATOB  i(Note) {(Note) 1709 i 708 {(Note) {(Note)
Port 9 Control Register
7 ¢+ 6 {5 i &4 i 3 i 2 1
PI9CR bit Symbol P96C P95C P94C P93C P92C P91C P90C
(001CH) Read/Write w
Read-modify- : T ; 7
write After reset 0 : 0 : 0 : 0 : 0 0
instructions . Port 9 input/ output settings
prohibited. Function 0: Input 1: Output
Port 9 Function Register
7 ¢ 6 ¢ s i a4 i o3 i 2 1
P9FC bit Symbol TOS1 i P96F P93F P92F
001DH - -
( ) Read/Write w w
Read-modify- ; ;
write After reset 0 : 0 5 ; : 0 i 0
instructions TOA/TOB ;0:Port i0:Port  :0:Port
prohibited. Function |output 1:TOA : (1:TO9  :1:TO8
selection : /TOB : : : : :
0:TOA | | i : §
1:TOB i : é ; :
|—>—Polrt 96 function settings |——'>_F'o)rt 92 function settings
< P96F > 0 1 <P92F> 1
< P96CS <P92C> 0
0 Input port 0 Input port
1 Output port TOA/TOB 1 Output port | TO8 output
output
—>Timer out A/B output selection —> Port 93 function settings
0 Timer out A output < PI3F> 0 1
1 Timer out B output <P93C>
0 Input port
1 Output port | TO9 output

Note: No register is provided to switch between the external interrupt input, event counter input, and port
input/output functions. Therefore, even when port 9 is used as a port, the interrupt signal input and event
counter input are enabled.
When using port 9 exclusively as a port, disable the external interrupts (INT5 to 8) and event count inputs
(T18 to B).

Figure 3.5.34 Port 9 Related Registers
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3.5.11 Port A (PAO to PA7)

Port A is an 8-bit input-only port with analog input pins (ANO to AN7). The PA3 pin also
functions as the external trigger input for analog conversion (ADTRG ).

(N
<] (] PAOto PA2
b \[\I (ANO to AN2)
2 Port A read PA3 (AN3/ADTRG)
© PA4 to PA7
= (AN4 to AN7)
©
©
C
© AD
P A conversion AD Channel
- \[\| result [ | converter selector [
register
AD read
-~ [T T 3
i ADTRG <} T
, For PA3 only H
Figure 3.5.35 Port A (PAO to PA7)
Port A Register
7 6 5 ¢ 4 i 3 2 1 0
PA bit Symbol PA7 i PA6 PAS5 PA4 PA3 { PA2 i PA1 i PAO
(001EH) Read/Write
After reset Input only
Also i Also i Also i Also i Also i Also i Also i Also
Function functions : functions :functions :functions :functions :functions :functions :functions
Y asAN7  iasAN6 :asAN5 :iasAN4  iasAN3  :iasAN2  :asAN1 ias ANO
: : H :/ADTRG i : H

Note: AD mode register 1, ADMOD1, selects the AD converter input channel.

Figure 3.5.36 Port A Related Registers
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3.6 Bus Width/Wait Controller

In the TMP95CS54, four user-specifiable address area blocks can be set. The data bus width
and number of waits can be set independently for each address area and for others.

Address areas 0 to 3 are set by a combination of memory start address registers MSARO to
MSARS3 and memory address mask registers MAMRO to MAMRS.

Use bus width/wait control registers WAITCO to WAITC3 and WAITCEX to specify the master
enable, data bus width, and number of waits for each address area.

The input pins controlling these states are the bus wait request pin (WAIT), the external data

bus selection pin (AM8/16), and the external memory access pin (EA). (See 3.1.2, External
Data Bus Width Selection Function.)

3.6.1 Specifying address areas

Address areas 0 to 3 are specified using the start address registers MSARO to MSAR3 and
memory address mask registers MAMRO to MAMRS3.

At each bus cycle, a compare operation is performed to determine if the address on the bus
specifies a location in address areas 0 to 3. If the result of the comparison is a match, this
indicates an access to the corresponding address area. In this case, the bus cycle operates in
accordance with the settings in bus width/wait control register WAITCO to WAITCS3. If the
result of the comparison is not a match, this indicates an access to another address area. In
this case, the bus cycle operates in accordance with the settings in bus width/wait control
register WAITCEX. (See 3.6.2, Bus Width/Wait Control Register.)
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(1) Memory start address registers

Figure 3.6.1 shows the memory start address registers. Memory start address
registers MSARO to MSARS3 set the start address for address areas 0 to 3. Set the upper
eight bits (A23 to A16) of the start address in <S23:16>. The lower 16 bits of the start
address (A15 to AO) are permanently set to 0. Accordingly, the start address can only be
set in 64 Kbyte increments, starting from 000000H. Figure 3.6.2 shows the relationship

between the start address and the start address register value.

Memory start address register (Address areas 0 to 3)

7 i e ios o4 i3 b o2 o1 i o
MSARO | MSAR1 |bitsymbol | s23 i s22 : s21 i s20 i s19 i s18 [ s17 516
(0094H) | (0096H) |Read/Write RIW
MSAR2 | MSAR3 After reset 1 1 1 1 1 1 1 1
(0098H) | (009AH) | Function Sets start address A23 to A16
L Sets start address of address areas 0 to 3
Figure 3.6.1 Memory Start Address Register
Start address Start address register value (MSARO to 3)
Address 000000H ........ 00H
000000H 64 Kbytes
010000H ........ 01H
- 020000H ........ 02H
030000H ........ 03H
< 040000H ........ 04H
050000H ........ 05H
060000H ........ 06H
to to
FFOOOOH ......... FFH
FFFFFFH

Figure 3.6.2 Relationship Between Start Address and Start Address Register Value
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7 i 6 s i o4 i o3 i o2 i 1 i oo
bitSymbol [ V20 i v19 i v18 i V17 i V16 i VI5 i V14to9 i V8
MAMRO | Read/Write RIW
(0095H) [ After reset [ T
Function Sets size of addressarea 0 0 : Used for address compare

7 i e s ioa i3 i o2 i o1 i oo
bitSymbol [ V21 i v20 i v19 i V18 i V17 i V16 i Vi5t09 i V8
MAMR1 |Read/Write RIW
(0097H) | After reset L L e e D A
Function Setssize of addressarea 1 0 : Used for address compare

7 i o6 o5 ioa i3 o2 i1 i oo
bitSymbol | V22 i v21 i v20 i v19 i VI8 i V17 i V16 i VIS
MAMR2 / MAMR3 |Read/Write RIW
(0099H) | (009BH) | After reset (R R A T E S T R R
Function Sets size of address areas2and 3  0: Used for address compare

(2) Memory address mask registers

Figure 3.6.3 shows the memory address mask registers. Memory address mask
registers MAMRO to MAMRS3 are used to set the size of address areas 0 to 3 by specifying
a mask for each bit of the start address set in memory start address registers MSARO to
MSAR3. The compare operation used to determine if an address is in the address areas 0
to 3 is only performed for bus address bits corresponding to bits set to 0 in these
registers.

Also, the address bits that can be masked by MAMRO to MAMRS3 differ between
address areas 0 to 3. Accordingly, the size that can be set for each area is different.

Memory address mask register (address area 0)

Address area 0 can be set within the following range: 256 bytes to 2 Mbytes.

Memory address mask register (address area 1)

Address area 1 can be set within the following range: 256 bytes to 4 Mbytes.

Memory address mask register (address areas 2 and 3)

Address areas 2 and 3 can be set within the following range: 32 Kbytes to 8 Mbytes.

Figure 3.6.3 Memory Address Mask Registers
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(3) How to set memory start addresses and address areas

Figure 3.6.4 shows an example of specifying a 64 Kbyte address area starting from
010000H using address area 0.

Set 01H in memory start address register MSAR0<S23:16> (corresponding to the
upper 8 bits of the start address). Next, calculate the difference between the start
address and the anticipated end address (01FFFFH) based on the size of address area 0.
Bits 20 to 8 of the result correspond to the mask value to be set for address area O.
Setting this value in memory address mask register MAMRO<V20:8> sets the area size.
This example sets 07H in MAMRO to specify a 64 Kbyte area.

IOIOIOIOIOIOIOI1I1I1I1I1l1l1[1l1l1|1I1I1I1I1|1|1| (l;/:‘%mory

| 0 I 1 I F | F | F | F | H address Address
area Osize
$23 S22 521 520 S19 S18 S17 S16 M (64 Kbytes)
emor
MsARO (0[o[o[o[o[o[0]1] g
_ I 0 : 1 | W address
............... VZ0V19V1SV17V16V15 V14 to vg VB Seresesssrsseasearteastassanstasarenanann
MAMRO i0:0:0fofofofofof1[1 1 1 1 1 1f1]1 1 1111 1 1, Memoryaddress
mask register
1 0 | 7 | H setting

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

Figure 3.6.4 Address Area 0 Setting Example

After a reset, MSARO to MSAR3 and MAMRO to MAMRS3 are set to FFH.
WAITCO<BOE>, WAITC1<B1E>, and WAITC3<B3E> are reset to 0. This disables
address areas 0, 1 and 3. However, as WAITC2<B2M> is reset to 0 and WAITC2<B2E>
to 1, address area 2 is enabled from 0008AOH to 0021FFH and from 002340H to
FEFFFFH. Also, the bus width and number of waits specified in WAITCEX are used for
accessing addresses outside the specified address areas 0 to 3. (See 3.6.2, Bus
Width/Wait Control Register.)
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(4)

Address area size specifications

Table 3.6.1 shows the relationship between address area and area size. A indicates
areas that cannot be set by memory start address register and memory address mask
register combinations. When setting an area size using a combination indicated by A, set
the start address in the desired steps starting from 000000H.

If the address area 2 is set to 16 Mbyte or if two or more areas overlap, the smaller
address area number has the higher priority.

Example: When setting address as 0 a 128-Kbyte area:
[1] Available start addresses

000000 4156 Kyytes

020000H ) 128 Kbytes Any of these start addresses can be set.
040000H

060000H ) 128 Kbytes

[2] Unavailable start addresses

Address area

000000H )64 Kbytes «—— This exceeds the size of the steps that can be set. In
010000H )128 Kbytes this. case, the .following start addresses cannot set the
030000H desired area size.
0500005 4128 Kbytes
Table 3.6.1 Address Area and Area Size
ize (bytes)

256 512 | 32K | 64K [128K | 256 K | 512K | 1M 2M 4 M 8M

0 6] 6] 0 0 A A A A A

1 O 6] 0 A A A A A A

2 6] 6] A A A A A A A
3 O O A A A A A A A
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3.6.2  Bus Width/Wait Control Registers

Figure 3.6.5 lists the bus width/wait control registers. The master enable/disable, data bus
width, and number of wait states for each address area 0 to 3 and others are set in their
respective bus width/wait control registers, WAITCO to WAITC3 and WAITCEX.

Bus Width/Wait Control Register

7 : 6 : 5 H 4 : 3 : 2 : 1 : 0
WAITCO |bitSymbol | BOE : z : BOBUS : BOW2 : BOW1 : BOWO
(0090H) Read/Write W ; : i : w
After reset 0 : : : 0 : 0 : 0 : 0
Read-modify- 0: Disable : iDatabus : Number of Waits setting
write Function |1: Enable : : : ‘width : 000: 2 WAIT 100: 0 + N WAIT
instructions :0:16-bit : 001: 1 WAIT 101
prohibited. : : : $1:8-bit i 010: 1 WAIT+N 110 p Do notset
: : : : 3011:0WA|T 111
WAITC1 bit Symbol B1E : : i B1BUS : B1W2 i BI1W1 : BIWO
(0091H)  [Read/Write W : 5 : w
After reset 0 i : 0 0 0 0
Read-modify- 0: Disable : : iDatabus i Number of Waits setting
write Function |1: Enable : : : width i 000: 2WAIT 100: 0+ N WAIT
instructions g g : {0: 16-bit i 001: 1WAIT 101
prohibited. : : : :1:8-bit  : 010: 1 WAIT+N 110 » Do notset
: : : : : 011: OWAIT 1M1
WAITC2 [bitSymbol [ B2E i B2M § i B2BUS : B2W2 : B2W1 : B2WO
(0092H) Read/Write w : : : w
After reset 1 : 0 : : : 0o 0 H 0 H 0
Read-modify- 0: Disable Address : Databus : Number of Waits setting
write Function |1: Enable :area2 : iwidth : 000: 2 WAIT 100: 0+ N WAIT
instructions selection : :0: 16-bit i 001: 1 WAIT 101
prohibited. :0:16- : : $1:8-bit : 010: 1 WAIT+N 110 p Do not set
i Mbyte : : PO OWAIT 111
: area : : : H
{1:Address :
¢ specifica':
-tion
: area : : :
WAITC3 bit Symbol B3E : ! B3BUS : B3W2 i B3W1 : B3WO
(0093H) |Read/Write w o : : : W
After reset 0 : : : 0 0 : 0 § 0
Read-modify- 0: Disable : : : Databus i Number of Waits setting
write Function |1: Enable : : : :width i 000: 2 WAIT 100: 0+ N WAIT
instructions : : :0: 16-bit  : 001: 1 WAIT 101
prohibited. H : : :1:8-bit  : 010: 1 WAIT+N 110 » Do notset
H : : : :011: OWAIT 1M
WAITCEX | bitSymbol : : : BEXBUS : BEXW2 : BEXWI1 i BEXWO
(009CH) |Read/Write : : : : W
After reset : : : : 0 i 0 : 0 )
Read-modify- : : Databus i Number of Waits setting
write Function : : iwidth : 000: 2WAIT  100: 0+ NWAIT
instructions : : : :0: 16-bit : 001: TWAIT 101
prohibited. : : : :1:8-bit  : 010: 1TWAIT+N 110 Do not set
: : : : : 011: 0 WAIT 111
I
Master enable bit ;
0 | Address area disable Number of address area waits setting
1 [ Address area enable (See 3.6.2, (3) Wait Control.)
Address area 2 selection <—— —> Data bus width selection
0 | 16-Mbyte area 0 [1&bitdatabus
Address specification area 1 | 8-bitdata bus

Figure 3.6.5 Bus Width/Wait Control Registers
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(1) Master enable bits
Bit 7 (<BOE>, <B1E>, <B2E>, and <B3E>) of the bus width/wait control registers is
the master bit used to enable or disable settings for the address area. Writing 1 to the bit
enables the settings. Reset disables (sets to 0) <BOE>, <B1E>, and <B3E>, and enables
(sets to 1) <B2E>.
(2) Selection of data bus width
Bit 3 (<BOBUS>, <B1BUS>, <B2BUS>, <B3BUS>, and <BEXBUS>) of the bus
width/wait control registers specifies the width of the data bus. Set 0 to access memory
when using a 16-bit data bus. Set 1 when using an 8-bit data bus.
Connect the EA and AMS8/16 pins to VCC. This enables external memory to be
accessed using the data bus width set in the data bus width select bit.
This method of changing the data bus width depending on the address being accessed
is called dynamic bus sizing. For details of this bus operation, see Table 3.6.2.

Table 3.6.2 Dynamic Bus Sizing

Operand Data |Operand Start | Memory Data CPU Data
Bus Width Address Bus Width CPU Address D15to D8 D7 to DO
8-bit 2n +0 8 bits 2n +0 XXXXX b7 to b0
(Even number) 16 bits 2n+0 XXXXX b7 to b0
2n +1 8 bits 2n + 1 XXXXX b7 to b0
(Odd number) 16 bits 2n + 1 b7 to b0 XXXXX
16-bit 2n+0 8 bits 2n+0 XXXXX b7 to b0
(Even number) 2n + 1 XXXXX b15to b8
16 bits 2n+0 b15to b8 b7 to b0
2n+1 8 bits 2n + 1 XXXXX b7 to b0
(Odd number) 2n +2 XXXXX b15to b8
16 bits 2n+1 b7 to b0 XXXXX
2n +2 XXXXX b15 to b8
32-bit 2n+0 8 bits 2n+0 XXXXX b7 to b0
(Even number) 2n+1 XXXXX b15to b8
2n+2 XXXXX b23tob16
2n +3 XXXXX b31to b24
16 bits 2n +0 b15to b8 b7 to b0
2n +2 b31to b24 b23tob16
2n + 1 8 bits 2n +1 XXXXX b7 to b0
(Odd number) 2n+2 XXXXX b15to b8
2n+3 XXXXX b23tob16
2n+4 XXXXX b31to b24
16 bits 2n + 1 b7 to b0 XXXXX
2n +2 b23to b16 b15 to b8
2n+4 XXXXX b31to b24

XXXXX Indicates that the input data from these bits are ignored during a read. During a write,
indicates that the bus for these bits goes to high impedance; also, that the write strobe signal

for the bus remains inactive.
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(3) Wait control

Bits 2 to 0 (<BOW2:0>, <B1W2:0>, <B2W2:0>, <B3W2:0>, and <BEXW2:0>) of the bus
width/wait control registers specify the number of waits to insert.

The following types of wait operation can be specified using combinations of these bits.
Do not set combinations other than those listed in the table.

Table 3.6.3 Wait Operation Settings

<BxW2:0> | No. of Waits Wait Operation
000 2WAIT Inserts a wait of two states, irrespective of the WAIT pin state.
001 TWAIT Inserts a wait of one state, irrespective of the WAIT pin state.
010 IWAIT+N | Samples the state of the WAIT pin after inserting a wait of

one state. If the WAIT pin is low, the waits continue and the
bus cycle is extended until the pin goes high.

011 OWAIT Ends the bus cycle without a wait, regardless of the WAIT pin
state.
100 0 + NWAIT Continuously samples the WAIT pin state and inserts waits if

the pin is low, extending the bus cycle until the pin goes high.

Figures 3.6.6 and 3.6.7 show the timing for N = 0, 1 when the setting is 0 + NWAIT.

For the timings for settings other than 0 + NWAIT, see Figures 7.1 to 7.5 in 7, Basic
Timing, Chapter 3, TLCS-900/H CPU.

Reset sets these bits to 000 (2 WAIT).
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X1
CLK
A0 to A23

DOto D15

Read o
RD
D0 to D15
Write L
WR

Dout

WAIT

A0 to A23

[Doto D15

Read e
RD

[D0to D15
Write

WR

Wait sa:mpling

Figure 3.6.6 0 + NWAIT Read/Write Cycle (When N = 0)

Din

Dout

WAIT

Figure 3.6.7 0 + NWAIT Read/Write Cycle (When N = 1)
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(4)

(5)

(6)

Bus width and wait control outside address areas 0 to 3

The bus width/wait control register WAITCEX controls the bus width and number of
waits when locations outside the four user-specified address area blocks 0 to 3 are
accessed. The WAITCEX register settings are always enabled for areas other than
address areas 0 to 3.

16-Mbyte area/address setting area selection

Setting the bus width/wait control register WAITC2<B2M> to 0 selects a 16-Mbyte
address area (000SAOH to 0021FFH, and 002340H to FEFFFFH) for address area 2.
Setting WAITC2<B2M> to 1 selects the address area specified by start address register
MSAR2 and address mask register MAMR2 for address area 2, and likewise for address
area 0, 1, and 3. Reset clears this bit to 0 and selects a 16-Mbyte address area.

Bus width/wait control setting procedure
When using the bus width/wait control function, set the registers as follows:

[1] Set memory start address registers MSARO to MSARS.
Set the start addresses of address areas 0 to 3.

[2] Set memory address mask registers MAMRO to MAMRS3.
Set the size of address areas O to 3.

[3] Set control registers WAITCO to WATCS3.
Set the data bus width, number of waits, and master enable/disable for address
areas 0 to 3.
In the case of addresses, if one of the address areas 0 to 3 is set but an internal 1/0,
RAM or ROM area is specified, the CPU accesses the internal area.

Setting example:
This example sets address area 0 as 010000H to 01FFFFH (64-Kbyte area) with a
16-bit bus and zero waits:
MSARO =01H......... Start address: 010000H
MAMRO = 07H........ Address area: 64 Kbytes
WAITCO=83H ....... 16-bit data bus, zero waits, address area 0 settings enabled
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3.7 8-Bit Timers

The TMP95CS54 incorporates eight 8-bit timers (timers 0 to 7).
Each timer can operate independently or be cascaded to form four 16-bit timers. The 8-bit
timers have the following four operating modes.

e 8bit interval timer mode (8 channels) These modes can be combined

° 16-bit interval timer mode (4 channels) (for example, four 8-bit timers and two 16-bit timers).

e 8-bit programmable square wave pulse generation (PPG: variable cycle, variable duty)
output mode (4 channels)

e  8-bit PWM (pulse width modulation: variable duty at fixed cycle) output mode
(4 channels)

Figure 3.7.1 shows the block diagram of 8-bit timers (timers 0, 1). The other 8-bit timers
(timers 2 and 3, 4 and 5, and 6 and 7) have the same circuit configuration as timers 0 and 1.

Each 8-bit timer consists of an 8-bit up-counter, an 8-bit comparator, and an 8-bit timer register.
One timer flip-flop each (TFF1, TFF3, TFF5, and TFF7) is provided for the timer pairs, consisting
of timers 0 and 1, timers 2 and 3, timers 4 and 5, and timers 6 and 7.

Of the input clock sources for the 8-bit timers, the ¢T1, T4, ¢T16, and T256 internal clocks
are obtained from the 9-bit internal prescaler.

The 8-bit timers are controlled by nine control registers (TO01MOD, T23MOD, T45MOD,
T67MOD, TO2FFCR, T46FFCR, TSRUN, T16RUN, and TRDC).
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3.7.1

T8RUN
(0020H)

T16RUN
(003BH)

TMP95CS54
8-bit Timer Registers
Figure 3.7.2 shows the 8-bit timer registers. Setting these registers controls the operation
of the 8-bit timers.
8-bit Timer Operation Control Register
7 6 5 i 4 i 3 {2 i 1 i 0
bit Symbol | T7RUN T6RUN | TS5RUN : T4RUN | T3RUN i T2RUN { TIRUN  TORUN
Read/Write R/W
After reset 0 0 0 : 0 0 0 0 0
Timer7 :iTimer6 :Timer5 Timer4 :Timer3 :Timer2 :Timer1 :TimerO0
operation :operation operation ioperation ioperation operation operation ioperation
control  icontrol  icontrol icontrol  icontrol  icontrol  icontrol  icontrol
Function |0:Stop  :i0:Stop  :0:Stop  :0:Stop  :0:Stop  :0:Stop  :0:Stop  :0:Stop
and i and i and ! and i and i and i and i and
clear clear i clear { clear  clear i clear : clear i clear
1:Run i1:Run {1:Run {1:Run {1:Run {1:Run i1:Run :1:Run
[—> 8-bit timer up-counter operation control
0 |Stopandclear
1 |Run
16-Bit Timer Operation Control Register
7 6 { 5 i a4 i 3 i 2 i 1 i 9
bit Symbol [ PRRUN TORUN : T8RUN '
Read/Write R/W R/W :
After reset 0 : 0 ' 0
Prescaler Timer9 iTimer8
operation : operation :operation
control icontrol  icontrol
Function |(0:Stop i0:Stop  0:Stop i
and i and i and :
clear clear clear
1:Run i1:Run {1:Run :
|

16-bit timer up-counter operation control
(See 3.8, 16-bit Timers/Event Counters.)

Prescaler operation control (Note)

0 |Stopandclear

Note: Set TI6RUN<PRRUN> to 1 when using an 8-bit timer.

Figure 3.7.2 8-Bit Timer Related Registers (1/8)
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Timer Register Double Buffer Control Register
i 6 i 05 i 4 i 3 2 i1 0
TRDC |bitSymbol \ : TR6DE TR4DE TR2DE TRODE
(002 1H) | Read/Write : : RIW

After reset i 0 : 0 0 : 0
‘TREG6  :TREG4  :TREG2  :TREGO
idouble  :idouble :idouble idouble
Function ‘buffer ‘buffer ‘buffer ‘buffer
unctio icontrol  icontrol  icontrol  icontrol

:0: Disable :0: Disable :0: Disable :0: Disable

i1: Enable i1: Enable i1: Enable i1: Enable

|~>Timer register 0 double buffer control

1 | Enable

—> Timer register 2 double buffer control

Timer register 4 double buffer control

Timer register 6 double buffer control

.9 |Disable
1 | Enable
—>
.9 |Disable
1 | Enable
.9 |Disable
1 | Enable

Figure 3.7.2 8-Bit Timer Related Register (2/8)
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TOTMOD
(0024H)

Timers 0, 1 Mode Control Register

7 i 6 i 5 i a4 i3 i o2 i o1 1o
bitSymbol | TOIM1 i TOIMO : PWMO1 : PWMOO i T1CLK1 i T1CLKO : TOCLK1 : TOCLKO
Read/Write R/W
After reset 0 i 0 0o i 0 i 0 i 0 0 0

Set operating mode

i PWMO cycle selection : Timer 1input clock

i Timer 0 input clock

for timers 0, 1 00: Don't care i selection : selection
00: 8-bitinterval 01:26-1 : 00: TOOTRG : 00:TIO
; timer 10:27 -1 P01 ¢T1 i 01: ¢T1
Function | 41, 16-bit interval 11:28-1 i 10: ¢T16 i 10: ¢T4
timer P 11: 47256 P11: 4T16

10: 8-bit PPG H

11: 8-bit PWM : :

| | 1

I

|—>Timer 0input clock selection

00 | External clock TI0

11 | Internal clock ¢T16 (128/fc)

L——> Timer 1input clock selection

<TO01M1,0>+#01

<TO01M1,0> =01

00 | Timer 0 comparator output

11 | Internal clock 4 T256 (2048/fc)

Timer 0 overflow
output

(16-bit interval
timer mode)

—> PWMO cycle selection

(Except for PWM mode (<T01M1, 0> = 11), don't care)

00 | Don'tcare

11 [(28 - 1) xtimer 0 input clock cycle

Timers 0, 1 operating mode settings

timer (timer 1)

00 | 8-bitinterval timer x 2 channels (timers 0, 1)

8-bit PWM output (timer 0) + 8-bit interval

Figure 3.7.2 8-Bit Timer Related Register (3/8)
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Timers 2, 3 Mode Control Register
7 i e io0s ioa i3 i o2 i o1 i o0
bitSymbol | T23M1 i T23M0 : PWM21 : PWM20 : T3CLK1 i T3CLKO i T2CLK1 i T2CLKO
T23MOD [Read/write RIW
(0028H) After reset 0 : 0 0 0 H 0 H 0 0 : 0
Set operating mode i PWM2 cycle selection ;Timer3 input clock Timer 2 input clock
fortimers 2,3 i 00: Don't care i selection : selection
00: 8-bitinterval 01:26-1 00: TO2TRG 00: Don't care
i timer 10: 27 -1 01: ¢T1 01: ¢T1
Function 01: 1.6—bitinterval 11:28-1 10: ¢T16 10: ¢T4
timer 11: ¢T256 11: ¢T16
10: 8-bit PPG
11: 8-bit PWM :
|
A |

|—->Timer 2 input clock selection

00 | Don't care

11 | Internal clock ¢T16 (128/fc)

L—> Timer 3 input clock selection

<T23M1,0>+#01

<T23M1,0> =01

00 | Timer 2 comparator output

11 | Internal clock ¢T256 (2048/fc)

Timer 2 overflow
output
(16-bitinterval
timer mode)

——> PWM2 cycle selection

(Except for PWM mode (<T23M1, 0> = 11), don't care)

00 | Don'tcare

11 [(28-1) xtimer 2 input clock cycle

Figure 3.7.2 8-Bit Timer Related Register (4/8)

Timers 2, 3 operating mode settings

00 | 8-bitinterval timer x 2 channels (timers 2, 3)

8-bit PWM output (timer 2)
+ 8-bitinterval timer (timer 3)

95CS54-96
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Timers 4, 5 Mode Control Register

7 i 6 s i o4 i3 i o2 i o1 i o9
bitSymbol | T45M1 | T45M0 : PWMA41 : PWM40 : T5CLK1 : T5CLKO : TACLK1 | T4CLKO
TA5MOD [Read/write RIW
(002BH) After reset 0 : 0 P00 P00 P00 P00 P00 P00
Set operating mode i PWM4 cycle selection : Timer 5inputclock i Timer 4 input clock
fortimers 4,5 i 00: Don't care i selection i selection
00: 8-bitinterval P 01:26-1 : 00: TO4TRG : 00:TI4
: timer P10:27 -1 P 01:¢T1 P01 4T1
Function 01: 1.6-bitinterval P11:28-1 i10: #T16 §10: T4
timer ; i 11: 4T256 {11: 4T16
10: 8-bit PPG : ; :
11: 8-bit PWM : :
I I I
|

|—->Timer 4 input clock selection

00 | External clock Ti4

11 | Internal clock ¢T16 (128/fc)

—> Timer 5 input clock selection

<T45M1, 0>+ 01 <T45M1,0> =01
00 T|mer4comparatoroutput ...... Timer 4 overflow
01 [ Internal clock ¢T1 (8/fc) output

(16-bitinterval

....................................................... timer mode)
11 | Internal clock ¢T256 (2048/fc)

—> PWMJ4 cycle selection
(Except for PWM mode (<T45M1, 0> = 11), don't care)

00 | Don't care

11 | (28 - 1) x timer 4 input clock cycle

Timers 4, 5 operating mode settings

00 | 8-bitinterval timer x 2 channels (timers 4, 5)

8-bit PWM output (timer 4)
+ 8-bit interval timer (timer 5)

Figure 3.7.2 8-Bit Timer Related Register (5/8)
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T67MOD
(002FH)

Timers 6, 7 Mode Control Register

7 6 | 5 i a4 i o3 i 2 i 1 i o0
bitSymbol | T67M1 : T67MO : PWM61 : PWM60 : T7CLK1 : T7CLKO : T6CLK1 : T6CLKO
Read/Write RIW
After reset 0 0 0 : 0 0 : 0 : 0 0

Set operating mode i PWMB6 cycle selection §Timer7input clock §Timer6input clock
fortimers 6, 7 i 00: Don'tcare : selection : selection
00: 8-bitinterval 01:26-1 ¢ 00: TO6TRG : 00: Don't Care
: timer 10: 27 -1 P01 gT1 P01 gT1
Function 01: 16-bitinterval 11:28-1 i 10: 4T16 §10: 4T4
timer ©11: ¢T256 P 11:4T16
10: 8-bit PPG :
11: 8-bit PWM : :
I I T

I

|—>Timer 6 input clock selection

Don't care

Internal clock ¢T16 (128/fc)

L——> Timer 7 input clock selection

<T67M1,0>+01

<T67M1,0> =01

Timer 6 comparator output

................................................ Timer 6 overflow
Internal clock ¢T1 (8/fc) output

Internal clock ¢T16 (128/fc) (16-bitinterval
................................................ timer mode)

Internal clock ¢T256 (2048/fc)

—> PWMB6 cycle selection

(Except for PWM mode (<T67M1, 0> = 11), don't care)

Don't care

(28 - 1) xtimer 6 input clock cycle

Timers 6, 7 operating mode settings

8-bit interval timer x 2 channels (timers 6, 7)

8-bit PWM output (timer 6)
+ 8-bitinterval timer (timer 7)

Figure 3.7.2 8-Bit Timer Related Register (6/8)
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Timers 0, 2 Flip-Flop Control Register
TFF3 TFF1
[ | |
7 i e i 5 i a4 i 3 i 2 i 1 i o
bitSymbol | FF3C1 i FF3CO : FF3IE i FF3IS : FFIC1 : FF1CO : FFIE | FF1IS
TO2FFCR |Read/Write w : RIW : w RIW
(0025H) [ atter reset 1 : 1 § 0 : 0 : 1 : 1 H 0 : 0
TFF3 control ;,TFF3 . ;,TFF3 . gTFF1 control STEF ET:Hr .
00: Invert TFF3 'c':)‘:ﬁrrif’” §'s?;’::|'°" i 00: Invert TFF1 {inversion ;'Si;’rf;m”
) 01:Set  TFF3 :0: Disable iselection : 01:Set  TFF1 EB?BELZLIe ‘selection
Function 10: Clear TFF3 i1:Enable :0:Inversion : 10:Clear TFF1 1 Enable {0 Inversion
11: Don't care bytimer2: 11: Don't care A i bytimer0
§1 : Inversion 1 : Inversion
: : by timer 3 : by timer 1
] | ]
R

L

Timer flip-flop TFF1 inversion signal selection
(Except for 8-bit interval timer mode, don't care)

Inversion by timer 0

Inversion by timer 1

Timer flip-flop TFF1 inversion control

Enable

—> Timer flip-flop TFF1 control

Invert TFF1 value (software inversion)

Don't care (11 when read)

(Exc

r flip-flop TFF3 inversion signal selection
ept for 8-bit interval timer mode, don't care)

Inversion by timer 2

Inversion by timer 3

—>Timer flip-flop TFF3 inversion control

Disable

Timer flip-flop TFF3 control

Invert TFF3 value (software inversion)

Don't care (11 when read)

Figure 3.7.2 8-Bit Timer Related Register (7/8)
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Timers 4, 6 Flip-Flop Control Register
TFF7 TFF5
I 1
7 i 6 i 5 i a4 i 3 i 2 1 0
bit Symbol FF7C1 i FF7CO i FF7IE | FF7IS FF5C1 i FF5C0 FFSIE FF5IS
T46FFCR |Read/Write w : RIW : w R/W
(002CH) [ After reset 1 P 0 P o0 i P S0 0
TFF7 control :TFF7 TFF7 :TFF5 control {TFF5 :TFF5
00: Invert TFF7 ‘inversion iinversion i 00: Invert TFF5 ‘inversion iinversion
01:Set  TFF7 icontrol  isignal : 01:Set TFF5 icontrol  isignal
. 10: Clear TFF7 :0: Disable iselection : 10:Clear TFF5 :0: Disable iselection
Function 11: Don't care {1:Enable :0:inversion i 11:Don'tcare i1:Enable :0:Inversion
! bytimer6: by timer 4
51 : Inversion ‘I : Inversion
: : by timer 7 : : by timer 5
| | |
N

L~

Timer flip-flop TFF5 inversion signal selection
(Except for 8-bit interval timer mode, don't care)

0 |Inversion by timer 4

1 [ Inversion by timer 5

—> Timer flip-flop TFF5 inversion control
0 | Disable
1 | Enable

Timer flip-flop TFF5 control

Invert TFF5 value (software inversion)

Don't care (11 when read)

—>Time

(Except for 8-bit interval timer mode, don't care)

r flip-flop TFF7 inversion signal selection

Inversion by timer 6

Inversion by timer 7

——>Timer flip-flop TFF7 inversion control

Disable

Enable

Timer flip-flop TFF7 control

Invert TFF7 value (software inversion)

Don't care (11 when read)

Figure 3.7.2 8-Bit Timer Related Register (8/8)
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3.7.2 Block Structure

(1) Prescaler

The prescaler is a 9-bit divider circuit that divides its supplied clock (4/fc) by 2» (n =
1, ..., 6, 9). The clock supplied to the prescaler is the CPU clock (fc) divided by four (4/fc).
The divided clock is used as the input clock for such functions as the 8-bit timers, 16-bit

timer/event counters, and baud rate generator.
The prescaler count can be turned on and off using timer operation control register
T16RUN<PRRUN>. Setting TIGRUN<PRRUN> to 1 starts the count.
Setting 0 clears the divided clock to zero and stops the prescaler. A reset clears
<PRRUN> to 0, clearing and stopping the prescaler.

Oscillator
circuit

fc=24 MHz Cycle
Input clock
$T1  (8/fc) 333 ns
$T4  (32/fc) 1.33 us
$T16 (128/fc) 5.33 us
$T256 (2048/fc) 85.33 us

4T2 4T8 $#T32

(16/fc) (64/fc) (256/fc)

474 4 4716 4 $T256
(32/f¢) |(128/fc) (2048/f¢)

4T0  ¢T1
(4/fc) (8/fc)

i

t It T

01 2 3 456 7 8
fc
1/a 9-bit prescaler
Trun /stop & clear
> 41
1/2 ¢ (System clock) T16RUN<PRRUN>
_>¢2

ax — LT LT LT L L L LT

4/fc
(4T0)

$¢T1

$T4

Figure 3.7.3 Prescaler
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(2

3

8-bit up-counters

The 8-bit up-counters UCO to 7 are the 8-bit binary counters for timers 0 to 7. The
up-counters count up on the internal or external clock selected by 8-bit timer mode
control registers TO1IMOD, T23MOD, T45MOD, and T67MOD. The 8-bit timer operation
control register TSRUN settings control the up-counter operation.

The available input clocks for UCO, 2, 4, 6 are the internal clocks @T1, ¢T4, or ¢16.
UCO and 4 can use the external clocks input from the timer input pin (TIO0 and TI4)
signals.

The input clocks for UC1, 3, 5, 7 vary according to the operating mode.

In 16-bit timer mode, the overflow output signals of timer 0, 2, 4, 6 are used as the
input clocks.

In other than 16-bit timer mode, the available input clocks are internal clocks ¢T1,
@T16, eT256 or TOXTRG (timer 0, 2, 4, 6 match detect signals).

A reset clears TSRUN and stops UCO to 7.

8-bit timer registers

The 8-bit timer registers are 8-bit registers for setting count values.

The comparator outputs a match detect signal when the value set in 8-bit timer
register TREGO to 7 matches the 8-bit up-counter UCO to 7 value. If 00H is set, the
match detect signal is output when the 8-bit up-counter overflows.

8-bit timer registers TREGO, 2, 4, 6 have a double-buffer configuration (each has a
dedicated register buffer).

Timer register double-buffer control registers TRDC<TR0/2/4/6DE> enable or disable
the double buffer. Setting <TR0/2/4/6DE> to O disables the double-buffer; setting
<TRO0/2/4/6DE> to 1 enables the double buffer.

When the double buffer is enabled, data are transferred from the register buffer to the
timer register at a 2» — 1 overflow in pulse width modulation (PWM) mode, or at a cycle
compare match in programmable pulse generation (PPG) mode.

Always disable the double buffer in 8-bit and 16-bit interval timer modes.

A reset clears TRDC to 0 and disables the double buffer. When using the double buffer,
first write data to TREGO, 2, 4, 6 and set TRDC<TR0/2/4/6DE> to 1, then write the next
settings.

As TREGO to 7 are undefined after a reset, set the registers before using the 8-bit
timers.

Figure 3.7.4 shows the configuration of timer registers 0, 2, 4, 6.
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Up-counter

N/

Comparator

AN

Timer register0, 2,4, 6 ]
AN —G:: PPG cycle match detect
PWM 2" - 1 overflow

Shift trigger TREGO. 2. 4. 6

Register buffer0, 2,4, 6 | ‘l

Write

Selector

|

TRDC<TRO, 2, 4, 6DE>

§ Internal bus §

Figure 3.7.4 Configuration of Timer Registers 0, 2, 4, 6

Note: The timer register and register buffer are allocated to the same address in memory.
When TRDC<TRO0/2/4/6DE> is set to 0, the same value is written to both the register buffer and the
timer register. When TRDC<TRO0/2/4/6DE> is set to 1, the value is written to the register buffer only.
Accordingly, when writing the initial values to the timer registers, first disable the register buffers.

The timer registers are located in memory as follows.

TREGO TREG1 TREG2 TREG3
8 bits 8 bits 8 bits 8 bits
000022H 000023H 000026H 000027H
TREG4 TREG5 TREG6 TREG7
8 bits 8 bits 8 bits 8 bits
000029H 00002AH 00002DH 00002EH

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

(5)

8-bit comparator

The 8-bit comparator compares the 8-bit up-counter value with the 8-bit timer register
value and detects when the values are equal (match). If the values match, a match detect
signal is output, the 8-bit up-counter is cleared to zero, and an interrupt is generated
(INTTO to 7).

Timer flip-flops

The timer flip-flops (TFF1, TFF3, TFF5, TFF7) are inverted by a match detect signal
from the 8-bit comparator.

Timer flip-flop control registers TO2FFCR<FF3IE>, <FF1IE> and T46FFCR
<FF7IE>, <FF5IE> enable or disable inversion. Setting these bits to 0 disables
inversion; setting to 1 enables inversion.

The timer flip-flop values after a reset are undefined. Writing 01 or 10 to
T02FFCR<FF3C1, 0>, <FF1C1, 0>, or T46FFCR<FF7C1, 0>, <FF5C1, 0> sets the timer
flip-flop to 0 or 1. Writing 00 to the bits inverts the timer flip-flop value (software
inversion).

The TFF1, TFF3, TFF5, and TFF7 values can be output to the timer output pins TO1
(shared with P71), TO3 (shared with P72), TO5 (shared with P74), and TO7 (shared with
P75) respectively.

As the timer output pins also function as P71, P72, P74, and P75, be sure to set the
port 7 function register P7FC before performing timer output.

(See Figure 3.5.25 Port 7 Registers)
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3.7.3  Operation Description for Each Mode
(1) 8-bit Interval timer mode

The eight interval timers 0 to 7 can be used independently. When setting the functions
and count data, first stop timers O to 7.

The following describes the example of timer 1 only.
[1] Generate interrupts at fixed intervals

Use TO1IMOD to select the operating mode and input clock. Set the interval time
(cycle) in TREG1. Enable interrupt INTT1 such that INTT1 is generated when a
match occurs between UC1 and TREG1. After setting the registers, start the timer
counting.

Table 3.7.1 shows the input clock selection.

Example: To generate a timer 1 interrupt every 33 ps (at fc = 24 MHz), set the
registers in the following order:

MSB LSB
3 76543210
TBRUN ¢ - - - - - - 0 - Stop timer 1 and clear to zero.
TOIMOD « 00X XO01-- Set 8-bit interval timer mode and set input clock to ¢T1
(0.33 us @fc =24 MHz).
TREGIT <« 01100100 Set33 us + ¢T1=100(64H) in timer register.
INTETO1 ¢« 1101 --- - Enable INTT1 and set interrupt level to 5.
TIBRUN « 1 X--X XXX
TBRUN ¢ - - - - - - 1- Start timer 1 counting.
Note: X: Don’t care -: No change

Table 3.7.1 Selecting Interval and Input Clock for 8-Bit Timer Interrupt

Input Clock Interrupt Interval (@fc =24 MHz) Resolution
$T1 (8/fc) 0.33us to 85.33 us 0.33 us
$T4(32/fc) 1.33us to 3413 us 1.33 us
$T16 (128/fc) 533us to 1.365 ms 5.33 us
$T256 (2048/fc) 85.33us to 21.85 ms 85.33 us
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[2] Generate square wave with 50%-duty cycle

To output a square wave with a duty cycle of 50%, set a count value equivalent to
half the desired cycle and TFF1 to invert on a match detect signal from timer 1
(TO2FFCR<FF1IE, FF1IS> = 11).

Also, set P71 as a timer output (P7CR<P71C> =1, PTFC<P71F>=1)

To output a square wave from pin TO1 with an interval of 2 ps (at fc =
24 MHz), set the registers in the following order:

LSB

76543210

X

0

1

Example:
MSB
[T8RUN ¢« - X -
TOIMOD « 0 0 X
TREGL « 000
TO2FFCR ¢ - - -
PICR ¢ XX -
PIFC ¢ X X -
TIGRUN « 1 X -
[TBRUN ¢ - - - - - -

Note: X: Don'tcare

0 - Stop timer 1 and clear to zero.

- - Set 8-bit interval timer mode and set input clock to
$T1.
Set2 us + ¢T1(0.33 us) + 2 =3 intimer register.
Clear TFF1 to 0 and set to invert on match detect signal
from timer 1.

1 -

1 X } Set P71 asTO1 pin.

X X

1- Start timer 1 counting.

-:No change

AL I I

T8RUN
— 1

BIT7to 2

Up-

BIT1
counter

BITO o [ 1 L2 | 3

Compare I'-I

timing

M

Comparator output
(match detect)

INTT1

1/

Up-counter
clear

4

-

M

M
3|

TFF1

y

TO1

/

1 us @fc =24 MHz 1

Figure 3.7.5 Square Wave (50% Duty Cycle) Output Timing Chart
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[3] To count up at each timer 0 match output, set timer 1

TMP95CS54

Set 8-bit timer mode and the timer 0 comparator output as the timer 1 input clock

(TOIMOD<T1CLK1, 0> = 00).

=D £ 63 £ £ € & 5.0 £ 5 6 B §

Timer 0 Timer 0
Timer 0 comparator match detect match detect
output
Timer 1 up-counter 1 X 2 X 1
(when TREG1 =2)
Timer 1 comparator Timer 1
output match detect

Figure 3.7.6 Using Timer O to Drive Timer 1 Count

(2) 16-bit interval timer mode

The 8-bit timers can be cascaded in pairs (timers 0 and 1, 2 and 3, 4 and 5, 6 and 7) to

create 16-bit interval timers.

Timers 0 and 1, 2 and 3, 4 and 5, 6 and 7 operate the same. Each pair can be used

independently.
The following describes the example of timers 0 and 1.

To cascade timers 0 and 1 to form a 16-bit interval timer, set the timer 0, 1 mode

control register TOIMOD<T01M]1, 0> to 01.

When 16-bit interval timer mode is set, the TOIMOD<T1CLK1, 0> setting is ignored

and the timer 0 overflow output is forcibly set as the timer 1 input clock.

Table 3.7.2 shows the relationship between the timer (interrupt) interval and the

input clock selection.

Table 3.7.2 16-Bit Timer (Interrupt) Interval and Input Clock Selection

Input Clock Interrupt Interval (fc = 24 MHz) Resolution
$T1 (8/fc) 0.33us to 21.845ms 0.33 us
$T4 (32/fc) 1.33 s to 87.381ms 1.33 us
$T16 (128/fc) 5.33 4s to 349.525ms 5.33 us
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To set the timer interrupt interval, set the lower eight bits in timer register TREGO
and the upper eight bits in TREG1. Be sure to set TREGO first (as entering data in
TREGO temporarily disables compare, while entering data in TREG1 starts compare).

Example: To generate interrupt INTT1 every 0.33s at fc = 24 MHz, set the following
values in timer registers TREGO and TREG1:

Using ¢T16 (=5.33 ps @ 24 MHz) as a timer input clock

0.33 s + 5.33 us = 62500 = F424H

Therefore, set TREG1 to F4H, and TREGO to 24H.

Whenever 8-bit up-counter UCO and TREGO match, the timer 0 comparator outputs a
match detect signal, but up-counter UCO is not cleared. No INTTO interrupt is
generated.

When up-counter UC1 and TREG1 match, at comparator timing the timer 1
comparator outputs a match detect signal.

When comparator match detect signals for both timer 0 and timer 1 are output at the
same time, up-counter 0 and up-counter 1 are cleared to 0 and interrupt INTT1 only is
generated. When the timer flip-flop inversion is enabled, the value of timer flip-flop
TFF1 is inverted.

Table 3.7.3 Dfferences Between 16-Bit Timer Mode and 8-Bit Timer Mode

(Timer 1 Input Clock: TOOTRG)

Timer 0 Timer 1
Counter operation Counter operation
) INTTO TO1 output when match . INTTH TO1 output when match
interrupt detected interrupt detected
16-bit timer mode No Output disabled | TREGO Interrupt Output enabled |[TREG1x 28 + TREGO
count-up timer 1 interrupt Pfdaf signal C°r:‘”t'“P e\;e; generated can c:;u‘:’put : Full 16 bits
on each timer 0 indicating a when a matc amatc
overflow generated match with occurs. Clear at signal for (clear at match)
TREGO is match with both timers
disabled TREG1 Oand 1
8-bit timer mode Interrupt Output enabled | TREGO Interrupt Output enabled |TREG1x TREGO
count up timer 1 generated either from (clear at match) | generated either from : Multiplication
on each timer 0 t!merOor t!merOor value
match timer 1 timer 1 (clear at match)
Example: When TREG1 = 04H and TREGO = 80H:
Up-counter values
0000H 0080H 0180H 0280H 0380H 0480H

(uc1, UCo)

Timer 0 comparator match

detect signal

Interrupt INTT1

H

Timer output TO1

X Invert

Figure 3.7.7 Timer Output for 16-Bit Timer Mode
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(3) 8-bit programmable pulse generation (PPG) output mode

Timers 0, 2, 4, or 6 can output square waves with variable frequencies and variable
duty (programmable pulse generation). The output pulse can be set to either active low
or active high. Timers 1, 3, 5, and 7 cannot be used in this mode.

Timer 0 outputs from pin TO1 (shared with pin P71), timer 2 outputs from pin TO3
(shared with pin P72), timer 4 outputs from TO5 (shared with pin P74), and timer 6
outputs from TO7 (shared with pin P75).

The following describes the example of timer 0. (Timers 2, 4, 6 operate the same as
timer 0.)

A programmable square wave can be output from pin TO1l by setting 8-bit
programmable square wave output mode and enabling inversion of the timer flip-flop
TFF1.

The TFF1 value is inverted by a match between 8-bit up-counter UCO and TREGO,
and by a match with TREG1. UCO is cleared by a match with TREG1.

In PPG mode, timer 1 cannot be used, but timer 1 up-counter UC1 must be run
(TSRUN<T1RUN> = 1).

Also, the TREGO and TREG1 settings in PPG mode must satisfy the following
condition.

(TREGO setting value) < (TREG1 setting value)

1

Match between TREGO
and UCO (interrupt INTTO)

Match between TREG1 H H
and UCO (interrupt INTT1) )
TO1

TREGO

TREG1

Figure 3.7.8 8-Bit PPG Output Waveform
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TO1
PinTIO — T8RUN<TORUN> *
$T1 (8/fc) —>| Selector 8-bit up-counter | TFF1  |<— TO2FFCR<FF1IE> =1
#T6 (128/fc) — uco Clear
47256 (2048/fc) —> (Uco)
TT Invert
TO1MOD <TOCLK1, 0>
INTTO
A4 A4
| Comparator | Comparator I INTT1
L | TReGo |
Select 1
TREGO-WR=> eléctor | shift trigger
Register buffer | l TREG 1
TRDC<TRODE> ZAN 7S
g Internal data bus S

Figure 3.7.9 Block Diagram of 8-Bit PPG Output Mode

Enabling the timer register TREGO double buffer in this mode shifts the register
buffer value to TREGO when timer register TREG1 matches 8-bit up-counter UCO.
Using the double buffer facilitates handling of small duty waves (when changing the

duty).

Match with TREGO

|

(Up-counter=Q,)

/{l (Up-counter=Q;)

Match with TREG1

( Shift from register buffer

TREGO

Q1

\X Q2

(Compare value)

77

Q2 X Q3

Register buffer

Write to register buffer

Figure 3.7.10 Register Buffer Operation
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Example: Output 1/4-duty 75 kHz-pulse (@ fc = 24 MHz)
Calculate the setting of the timer register.
Setting the frequency to 75 kHz creates a square wave with a cycle of t = 1/75 kHz

=13.3 ps.

M1 T 1

I | 133 ,,s_,l

Using ¢T1 =0.33 ps (@ fc = 24 MHz) results in
13.3 ps + 0.33 pus = 40

Accordingly, set TREG1 = 40 = 28H.

Next, set the duty to 1/4 as follows:
tx1/4=13.3us X 1/4 =3.3 us

As with TREG1,

3.3us +0.33us =10
Accordingly, set TREGO = 10 = 0OAH.

MSB LSB

76543210
[T8RUN ¢ - - - - - - 00 Stop timers 0 and 1, and clear to 0.
TI6RUN « 0 X - - X X X X
TOIMOD « 10X X 0101 Set 8-bit PPG mode and set input clock to ¢T1.
TO2FFCR¢ - - - -011 x Set TFF1 and enable inversion.

Setting to 10 obtains negative logic output wave.

TREGO « 00 1010 Write OAH.
TREG1T « 00101000 Write 28H.
PICR ¢ XX ----1- _
PTFC « XX - - X - 1 X } Set P71to TO1 pin.
TI6RUN « 1 X - - X X X X
[ TSBRUN ¢ - - - - - - 11 Start timers 0 and 1 counting.
Note: X: Don’t care -:No change
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(4) 8-bit pulse width modulation (PWM) output mode

Only timers 0, 2, 4, 6 can be set to this mode, which allows up to four pulse width
modulation outputs with 8-bit resolution. Timers 1, 3, 5, and 7 can be used as 8-bit
timers.

In the case of timer 0, PWM is output to pin TO1 (shared with P71). In the case of
timers 2, 4, 6, PWM is output to pins TO3 (shared with P72), TO5 (shared with P74), and
TO7 (shared with P75) respectively.

Here, the example of timer 0 is used. (Timers 2, 4, 6 operate the same as timer 0)

Timer output inversion occurs when the 8-bit up-counter UCO setting and the timer
register TREGO setting match, or when 20 — 1 (TO1MOD specifies oneof n=6,n="7, or n
= 8) counter overflow occurs. UCO is cleared by the 2» — 1 counter overflow.

In addition, the following conditions must be satisfied when using 8-bit PWM output
mode:

(Timer register setting) < (2n — 1 counter overflow setting)
(Timer register setting) # 0

Match between TREGO /ﬂ }" "
and up-counter0 ( (
2n-1
overflow /ﬂ /'"
(interrupt INTTO) \ ( \ (

TO1 | \!_| o L]

(PWM interval) '

Figure 3.7.11 8-Bit PWM Output Waveform
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TO1
T8RUN <TORUN> A
;I'I('J1p(li?/fc) — 8-bit up-counter TO2FFCR
$T4(32/f) —> Selector (uco) Clear TFF NAAAS
4716 (128/fc) —>] | '
2n-1 TO1MOD nvert
<T10M1,0> =11
TO1MOD <TOCLK1, 0> ::> overflow T01MOD
control <PWMM1, 0>
7 Overflow
l Comparator I
7\
‘ INTTO
L | TREGO |
AN
Selector Shift trigger
TREGO-WR—> -
| Register buffer |
TRDC<TRODE>
S Internal data bus S

Figure 3.7.12 Block Diagram of 8-Bit PWM Output Mode

Enabling the TREGO double-buffer in this mode shifts the register buffer value to
TREGO when 2 — 1 counter overflow is detected.
Using the double buffer facilitates handling of small duty waves.

Match with TREGO " "
(Up-counter=Qy) (Up-counter =Qy)
2n -1
fl
overtiow (Shift from register buffer
A
TREGO Q1 Q2
(compare value)
, Q2 X Qs
Register buffer

Write to register buffer

Figure 3.7.13 Register Buffer Operation
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Example: Output following PWM waveform to pin TO1 (@ fc = 24 MHz)

| 30 s |

1T

<— 42.33 s —>

To realize a PWM interval of 42.33 ps using ¢T1 = 0.33 ps (@ fc = 24 MHz) :
4233 ns+0.33ps=127=2n-1
Accordingly, set n = 7.
As the low level cycle is 30 ps, at ¢T1 =0.33 ps,

[T8RUN
T01MOD

TO2FFCR
TREGO
P7CR
P7FC
T16RUN
| TBRUN

Note: X: Don't care

30 ps +0.33 us =90

Accordingly, set TREGO = 90 = 5AH.

PN

A

MSB LSB
76543210
------- 0 Stop timer 0 and clear to 0.
1110--01 Set 8-bit PWM mode (interval = 27 -1) and set input
clock to ¢T1.
----101X Clear TFF1 and enable inversion.
01011010 Write 5AH.
XX----1- .
XX - -X-1Xx }SetP71top|nTO1.
1X--XXXX
------- 1 Start timer 0 counting.
-:No change

Table 3.7.4 shows the timer input clock source and the PWM interval determined by
the (2 — 1) counter.

Table 3.7.4 Setting of PWM Interval (@ fc = 24 MHz)

Input Clock
(2n - 1) Counter #11 #T4 #116
26 -1 21 us (47.6 kHz) 84 us (11.9 kHz) 336 us (3.0 kHz)
27 -1 423 us (23.6 kHz) 169.3 us (5.9 kHz) 677.3 us (1.5 kHz)
28 -1 85us (11.8 kHz) 340 us (2.9 kHz) 1.36 ms (0.7 kHz)
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(5) Timer mode list

The 8-bit timers 0 to 7 can be set to 8-bit timer mode, 16-bit timer mode, 8-bit PPG
mode, or 8-bit PWM mode. Table 3.7.5 lists settings for the timer modes.

Table 3.7.5 Settings for All Timer Modes

Register Name TxxMOD TxxFFCR
Timer mode PWM interval Upper timer Lower timer input Inversion select
bit Symbol input clock clock
<T01M1,0> | <PWMO1, 00> <T1CLK1,0> <TOCLK1,0> <FF1IS>
Timer mode <T23M1,0> | <PWM21,20> | <T3CLK1,0> <T2eLk1, 05N | <ER3Is>
(for 8-bit timer <T45M1,0> <PWM41, 40> <T5CLK1,0> <T4CLK1,0> <FF5IS>
channels x 2) <T67M1,0> | <PWM61,60> | <T7CLK1,0> <T6CLK1, 05N | <FE7IS>
00 : External input
1:¢T1
16-bit timer (full 16 bits) x 1ch 01 - - 01:¢ -
10: 4T4
11: 4T16
8-bit timer 00 : External input
(8-bit x 8-bit mode) x 1ch 00 00 01: ¢T1 0: Lower timer
(Inputs lower timer comparator 10: ¢T4 1: Upper timer
output to upper timer) 11: 4T16
00: Don'tcare |00 : External input
8-bit timer x 2ch 00 B 01: ¢T1 01: ¢T1 0: Lowert.nmer
10: ¢T16 10: ¢T4 1: Upper timer
11: ¢T256 11: ¢T16
00 : External input
8-bit PPG x 1ch 10 - - 01: 4T -
10: ¢T4
11: 4T16
00 : Don't care 00: Don'tcare |00 : External input
8-bit PWM x 1ch (lower) iy 01:26-1 01: ¢T1 01: ¢T1
8-bit timer x 1ch (upper) 10:27 -1 10: ¢T16 10: ¢T4
11:28-1 11: $T256 11: ¢T16

Note:

External clock is not input to timer 2 or timer 6.
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3.8

16-Bit Timers/Event Counters

The TMP95CS54 incorporates two multi-function 16-bit timer/event counters (timers 8 and 9).
Timers 8 and 9 have the same functions and can operate independently. The 16-bit timers have
the following three operating modes.

e 16-bit interval timer mode

e 16-bit event counter mode

16-bit programmable pulse generation (PPG) output mode

The capture function can also be used to perform the following operations.

e One-shot pulse output from the external trigger pulse
e Frequency measurement
e  Pulse width measurement

e Time differential measurement

Also, the 16-bit timers can be used to output a signal with any phase difference.

Figure 3.8.1 is a block diagram of the 16-bit timer/event counters (timer 8). Timer 9 has the
same circuit configuration.

Each 16-bit timer/event counter consists of a 16-bit up-counter, a 16-bit comparator, a 16-bit
timer register, and a 16-bit capture register. Timers 8 and 9 each have two timer flip-flops
(TFF8/9 and TFFA/B).

Clock sources ¢T1, T4, and @T16 input to the 16-bit timers are obtained from the internal
9-bit prescaler (see 3.7.2 (1), Prescaler).

The 16-bit timer/event counters are controlled by six control registers (TSMOD, T9MOD,
T8FFCR, T9FFCR, T16RUN, and T89CR).

95CS54-116 2005-05-10



TMP95CS54

TOSHIBA

m snq e1ep |eusaiu| w
JOMOT Jaddn <N38EA>YD68L 19MOT C CHWQQ n
YM-8D3YL g 194nq 415169y
J0129]9G ¢
69341 893¥1L
19351604 J2WIN 11G-9 ] 19351624 J2WN H1G-9|
B (6d2) (8dd)
12939p Yynew ;Oam;mamu 19-9] 1919p Y21eN ._oumhma%u 19-91
| <0 'I)1081>A0NSL SINI 9LNI
<310>a0n8L 8OLLNI <NN¥SL>NNW9LL ¥ ¥
* * (anduy jeusaixs) g |
6YLLNI SHLINI _Iﬁvlv_ (8on) | <—(Oy821) 911%
o3 J31Un0d>-dn 119-91 < 1OPPS | oz pus <OW'LNZLAVD>
< _ _H _ l«— (¥8) 119 aowst

»0op
|041u0> <NNY8L>NNU9LL uno) « «
(s6d0l) 4/4 (anduj jeuseixa) g} |

L] ot |+ _
ANmn_mnM.uC 6441 Jowli] _OLHMOU (anduj jeuseixa) g |
aumde
801 844l [ | 2 | [EET

j ainjded azemyos
1966111
) D481 406611 <NILdVD>aOn8L
<61603 '61ZdvD>A0OIN8L (zdwD) Z 19151681 (LdWD) | 42151684
aumded119-91 aimded 119-9]
19MO LWQG_D JOMOT ‘_WQQD
w snq ejep |[eulaju| w

2005-05-10

Figure 3.8.1 16-Bit Timer Block Diagram (Timer 8)
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3.8.1 16-bit Timer/Event Counter Registers
Figure 3.8.2 shows the 16-bit timer/event counter related registers.
These register settings control the 16-bit timer/event counter operations.
Timer 8, 9 Control Register
7 6 5 1 4 i 3 2 1 0
T89CR |bit Symbol - : i - DBAEN : DBSEN
(003AH) Read/Write RW RIW
After reset 0 : 0 : 0 : 0
Note: ;Note: éTREGA gTREG8
Al N :double  :double
| s ey ibuffer  {buffer
Function ixed tooé : ixed to icontrol  : control
: :0: Disable :0: Disable
i1:Enable :1:Enable
i S
Timer register A double buffer control Timer register 8 double buffer control
0 [Disable 0 |Disable
1 |Enable 1 | Enable
16-bit Timer Operation Control Register
7 ¢ 6 i 5 i 4 i 3 i 2 1 0
T16RUN |bit symbol | PRRUN : T9RUN | T8RUN
(003BH) [readwrite| RW RIW
After reset 0 : : 0 0
Prescaler : :Timer 9 2Timer8 :
. operation : ioperation :operation :
Function control i icontrol  icontrol
0:Stop i0: Stop  i0: Stop
and : i and i and
clear i clear i clear
1: Run H i1: Run i1: Run

Prescaler operation control (Note)

Stop and clear

Timer 8 up-counter operation control

Note: When running a 16-bit timer, set TI6GRUN<PRRUN> to 1.

0 [Stopand clear
1 |Run
Timer 9 up-counter operation control
0 |Stopandclear
1 [Run

Figure 3.8.2 16-Bit Timer/Event Counter Related Registers (1/5)
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Timer 8 Mode Control Register
7 ¢ 6 { 5 i 4 ¢ 3 i 2 i 1 i 0
T8MOD |bit Symbol | CAP2T9 : EQITY | CAPIN iCAP12M1:CAP12MO: CLE | T8CLK1 | T8CLKO
(0038H) Read/Write RW w ' R/W
After reset o i 0 i1 o 0 i 0 o i o
TFF9 inversion trigger :Software :Capture timing iTimer 8 iTimer 8 source clock
0: Trigger disable icapture  :00: Disable iup- iselection
Functi 1: Trigger enable icontrol i INT5 atrising edgeicounter  :00:TI8
unction — {0:Software :01: TI8T TI9P icontrol  :01: ¢T1
Atloading :Atmatch i .o i INT5onrising edgei0: Clear :10: ¢T4
ofup-  ibetween iy 5o icaei10:TIBY TI8Y i disable i11: ¢T16
counter  iup- : i INT5onfallingedgeil: Clear :
valueto :counter 10 TFE1 D TFFT enable
CAP2 :and i INT5onrising edge: :
iTREGY ! : : :
| l | [

I—> Timer 8 capture timing

|:Timer8 input clock

Capture control

INT5 control

Capture disable

CAP1on TI8 rising edge

CAP2 on TI9 rising edge
10 CAP1 on TI8rising edge

CAP2 on TI8 falling edge
1 CAP1 on TFF1 rising edge

CAP2 on TFF1 falling edge

INT5 generated on TI8

rising edge J—

INTS generated on TI8
falling edge

INT5 generated on TI8

rising edge J_

—>Software capture control

(always read as 1)

1 |Don'tcare

0 | Atloading of up-counter 8 value to CAP1

——> At match between up-counter and TREG9

Invert trigger of timer flip-flop 9 (TFF9)

0 | Trigger disable (inversion disabled)

1 | Trigger enable (inversion enabled)

————> At loading of up-counter value to CAP2

Invert trigger of timer flip-flop 9 (TFF9)

0 | Trigger disable (inversion disabled)

1 | Trigger enable (inversion enabled)

External input clock (T18)

#T16 (128/fc)

—>Up-counter (UC8) clear

Disable up-counter clear

Clear at match with TREG9

Figure 3.8.2 16-Bit Timer/Event Counter Related Register (2/5)
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Timer 8 Flip-Flop Control Register
7 6 { 5 i 4 i 3 i 2 i 1 i 0
TSFFCR |bit Symbol | TFFOC1 i TFF9CO i CAP2T8 i CAP1T8 : EQYT8 | EQ8T8 | TFF8CT : TFF8CO
(0039H) geadmwrite w RIW : w
After reset 1 1 0 0 ' 0 0 1 1
TFF9 control {TFF8inversion trigger {TFF8 control
00: Invert TFF9 £0: Trigger disable :00: Invert TFF8
Function [01: Set TFF9 1: Trigger enable 201 : Set TFF8
10: Clear TFF9 éAt loading At loading At match At match §10: Clear TFF8
11: Don't care iofup-  iofup-  ibetween :between i11:pon‘tcare
icounter  :icounter :Up- :up- :
ivalueto ivalueto icounter icounter
{CAP2 {CAP1 :and TREG9 :and TREGS:
|

— ‘

|-->Timer flip-flop 8 (TFF8) control

Invert TFF8 value (software inversion)

Don't care (always read as 11)

—> At match between up-counter and TREG8
Invert trigger of timer flip-flop 8 (TFF8)

Trigger disable (inversion disabled)

Trigger enable (inversion enabled)

—> At match between up-counter and TREG9
Invert trigger of timer flip-flop 8 (TFF8)

Trigger disable (inversion disabled)

Trigger enable (inversion enabled)

—> At loading of up-counter value to CAP1

Invert trigger of timer flip-flop 8 (TFF8)

Trigger disable (inversion disabled)

Trigger enable (inversion enabled)

—>Atloading of up-counter value to CAP2
Invert trigger of timer flip-flop 8 (TFF8)

Trigger disable (inversion disabled)

Trigger enable (inversion enabled)

flip-flop 9 (TFF9) control

Invert TFF9 value (software inversion)

Don't care (always read as 11)

Figure 3.8.2 16-Bit Timer/Event Counter Related Register (3/5)
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Timer 9 Mode Control Register
7 i 6 i 5 i 4 i 3 i 2 i 1 i 0
TIMOD |bit Symbol | CAP4TB i EQBTB i CAP3IN :CAP34M1:CAP34MO; CLE : TICLK1 : TICLKO
(0048H) [Readwrite RW W RW
After reset 0 0 1 : 0 0 0 : 0 0
TFFB inversion trigger iSoftware :Capture timing Timer9  iTimer 9 source clock
0: Trigger disable icapture  :00: Disable iup- iselection
. 1: Trigger enable ‘control i INT7 is rising edge icounter  :00: TIA
Function — 0:Software 01: TIAT  TIBT icontrol  i01: ¢T1
Aft loading gﬁ‘t match capture | INT7 onrising edge:0: Clear  :10: ¢T4
O up  IDCTWESN ioont (10:TIAT TIA| | disable i11: ¢T16
value to gcgunter i care i INT7 on falling edgei1: Clear
CAP4 tand (1: TFF1 1 TFF1 ) i enable :
‘“TREGB i INT7 onrising edge!
] |
|-> Timer 9 capture timing |:Timer 9input clock
Capture control INT7 control 00 | External input clock (TIA)
00 | Capture disable 01 | ¢T1(8/fc)
.............................. ....................... INT7generatedon B S B N
o1 |CAPSonTIATisingedge | 1A fising edge _ 10| $TAG2ED
CAP4 on TIB rising edge 11 | $T16(128/f)
INT7 generated on
TIA falling edge—\__
[ DRR AN SRRk A SO L > Up-counter (UC9) clear
1 CAP3 on TFF1rising edge | INT7 generated on -
CAP4 on TFF1 falling edge | TIArising edge O Dlsableup-counter E'.?.if'.r. ..........
1 | Clear at match with TREGB

—>Software capture control

(always read as 1)

1 |Don'tcare

0 [Atloading of up-counter 9 value to CAP3

—> At match between up-counter and TREGB
Invert trigger of timer flip-flop B (TFFB)

0 [ Trigger disable (inversion disabled)

1 | Trigger enable (inversion enabled)

—> At loading of up-counter value to CAP2

Timer flip-flop B (TFFB) inversion trigger

0 | Trigger disable (inversion disabled)

1 | Trigger enable (inversion enabled)

Figure 3.8.2 16-Bit Timer/Event Counter Related Register (4/5)
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TIFFCR
(0049H)

Timer 9 Flip-Flop Control Register

7 ¢ 6 {5 i 4 1 3 i 2 i 1 i 9
bit Symbol | TFFBC1 : TFFBCO i CAPATA i CAP3TA : EQBTA | EQATA i TFFAC! : TFFACO
Read/Write w RIW : w
After reset 1T i 1 % o0 f o0 o0 P00 i1 i

TFFB control {TFFA inversion trigger {TFFA control
00: Invert TFFB {0: Trigger disable :00: Invert TFFA
Function |01:Set  TFFB i1: Trigger enable 01:Set  TFFA
10: Clear TFFB {At loading At loading :At match :Atmatch :10:Clear TFFA
11: Don't care iofup-  iofup- ibetween :between i11:pon'tcare
icounter icounter :up- iup- :
ivalueto :valueto :counter icounter :
:CAP4 iCAP3 iand TREG9 iand TREGS:

| | l I

|—>Timer flip-flop A (TFFA) control

Invert TFFA value (software inversion)

Don't care (always read as 11)

—> At match between up-counter and TREGA
Timer flip-flop A (TFFA) inversion trigger

Trigger disable (inversion disabled)

Trigger enable (inversion enabled)

At match between up-counter and TREGB
Timer flip-flop A (TFFA) inversion trigger

Trigger disable (inversion disabled)

Trigger enable (inversion enabled)

Timer

—>Atloading of up-counter value to CAP3

flip-flop A (TFFA) inversion trigger

Trigger disable (inversion disabled)

Trigger enable (inversion enabled)

Timer

——>Atloading of up-counter value to CAP4

flip-flop A (TFFA) inversion trigger

Trigger disable (inversion disabled)

Trigger enable (inversion enabled)

flip-flop B (TFFB) control

Invert TFFB value (software inversion)

Don't care (always read as 11)

Figure 3.8.2 16-Bit Timer/Event Counter Related Register (5/5)
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3.8.2

Block Structure

oy

(2

16-bit up-counters

16-bit up-counters UC8 and 9 are 16-bit binary counters for timers 8 and 9.

These up-counters count up on the external and internal clocks selected by 16-bit
timer mode control registers TSMOD and T9MOD. To control the up-counter operations,
use 16-bit timer operation control register TIGRUN.

The UCS, 9 input clock is selected from either internal clocks ¢T1, ¢T4, and ¢T16, or
the external clocks input from the timer input pin (TI8 and TT9).

Any overflow from UC8 or 9 triggers interrupt request INTTOS8 or INTTO9.

At a reset, TIGRUN is cleared, and the prescaler and UCS, 9 are stopped.

16-bit timer registers

Each timer has two internal 16-bit timer registers for setting counters. A match
between these timer register settings and the value of the 16-bit up-counter UCS8, 9
outputs a comparator match detect signal.

Data set to 16-bit timer registers TREGS, TREG9 and TREGA, TREGB use a 2-byte
data transfer instruction, or two 1-byte data transfer instructions; first for the lower
eight bits, then for the upper eight bits.

: TREG S8 TREG 9 :
Upper eight bits | Lower eight bits Upper eight bits | Lower eight bits
000031H 000030H 000033H 000032H
B I 2 1= e T TN
TREGA TREGB
Upper eight bits | Lower eight bits Upper eight bits | Lower eight bits
00004 1H 000040H 000043H 000042H

TREGS to TREGB are write-only registers and therefore cannot be read.

Of the 16-bit timer registers, TREG8 and TREGA have a double-buffer configuration
(each has a register buffer).

Timer 8, 9 control register TSOCR<DBS8EN, DBAEN> enables/disables the double
buffer. Setting <DBSEN, DBAEN> to 0 disables the double buffer; setting <DBSEN,
DBAEN> to 1 enables the double buffer.

With the double buffer enabled, data are transmitted from the register buffer to the
timer register at a match between up-counter UC8 and TREGY, or between UC9 and
timer register TREGB.

As TREGS8 to TREGB are undefined after a reset, when using a 16-bit timer write the
data first.

Areset clears T89ICR to 0 and disables the double buffer. When using the double buffer,
write data to TREGS, TREGA, set TS9CR<DBS8EN, DBAEN> to 1, then write the next
data to the register buffer.

The 16-bit timer registers and register buffers are allocated to the same addresses in
memory. When TSICR<DBSEN, DBAEN> is set to 0, the same value is written to the
timer register and register buffer.

When <DBSEN, DBAEN> is set to 1, the value is written to the register buffer only.
Therefore, the register buffer must be disabled before writing the initial value to the
timer register.
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(3) Capture register

The capture register is a 16-bit register for latching the 16-bit up-counter UCS8, 9
value.
When reading the capture register, use a 2-byte data load instruction, or two 1-byte

data load instructions; first to read the lower eight bits, then to read the upper eight bits.

Upper eight bits | Lower eight bits Upper eight bits | Lower eight bits

000035H 000034H 000037H 000036H

Upper eight bits | Lower eight bits Upper eight bits | Lower eight bits
000045H 000044H 000047H 000046H

CAP1 to CAP4 are read-only registers and cannot be written by software.

(4) Capture input control

The capture input control circuit controls the timing of the latching of the 16-bit
up-counter UC8, 9 value to capture registers CAP1, CAP2, CAP3, and CAP4. Set the
capture register latch timing with the timer 8, 9 mode control registers
T8MOD<CAP12M1, 0>, TOMOD<CAP34M1, 0>.

The following describes the latch timing setting and operation.

e  When TSMOD<CAP12M1, 0>, T9OMOD<CAP34M1, 0> are set to 00:
The capture function is disabled. A reset also disables the capture function.

e  When TSMOD<CAP12M1, 0>, TOMOD<CAP34M1, 0> are set to 01:
On the external input rising edge of TI8 (shared with P90/INT5) and TIA (shared
with P94/INT7), capture register CAP1, CAP3 loads the up-counter value. On the
external input rising edge of TI9 (shared with P91/INT6) and TIB (shared with
P95/INTS), capture register CAP2, CAP4 loads the up-counter value. (Time
differential measurement)

e  When TSMOD<CAP12M1, 0>, T9OMOD<CAP34M1, 0> are set to 10:
On the TI8, TIA external input rising edge, capture register CAP1, CAP3 loads the
up-counter value. On the input falling edge, capture register CAP2, CAP4 loads the
up-counter value. Interrupt INT4, INT6 is generated on a falling edge in this mode
only. (Pulse width measurement)

e  When TSMOD<CAP12M1, 0>, T9OMOD<CAP34M1, 0> are set to 11:
On the timer flip-flop TFF1 rising edge, capture register CAP1, CAP3 loads the
up-counter value. On the falling edge, capture register CAP2, CAP4 loads the
up-counter value.
The UC8, 9 up-counter value can also be loaded to a capture register on a software
request. When 0 is written to TSMOD<CAP1IN>, TOMOD<CAP3IN>, the UCS8, 9
up-counter value at that time is loaded to capture register CAP1, 3.
The prescaler must first be set to RUN (set TIGRUN<PRRUN> = 1).
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(6)

Comparator

To detect a match, the 16-bit comparator compares the 16-bit up-counter UCS8, 9 with
the 16-bit timer register TREGS8, 9 and TREGA, B settings.

On detection of a match, the comparator outputs a match detect signal and generates
interrupts INTTRS8, 9 or INTTRA, B from the respective 16-bit timer.

UCS is cleared by a match between the UC8 value and the TREGY value. UC9 is
cleared by a match between the UC9 value and the TREGB value. UCS8, 9 clearing can be
disabled by setting the timer 8, 9 mode control registers TSMOD<CLE>, T9OMOD<CLE>
to 0.

Timer flip-flops
Timers 8 and 9 have two timer flip-flops each. The flip-flops of each timer have
different functions.

[1] TFF8, TFFA

Flip-flops TFF8 and TFFA are inverted by a match signal from the comparator
and a latch signal to the capture register.

In timer 8 and timer 9, two different capture operations and two types of match
detection can be specified as inversion triggers. Use bits 2 to 5 of the TSFFCR and
TIFFCR registers to set the inversion triggers.

[2] TFF9, TFFB

Timer flip-flops TFF9 and TFFB are inverted by a match signal from the
comparator and a latch signal to the capture register.

In timers 8 and 9, one type of capture operation and one type of match detection
can be specified as inversion triggers. Use bits 6 and 7 of the TSMOD and T9MOD
registers to set the inversion triggers.

After a reset the timer flip-flop values are undefined. Writing 01 to TS8FFCR
<TFF8C1, 0>, <TFF9C1, 0> or T9FFCR <TFFAC1, 0>, <TFFBC1, 0> sets the timer
flip-flop to O0; writing 10 to the bits sets the timer flip-flop to 1. Writing 00 to the bits
inverts the timer flip-flop value (software inversion).

The TFF8, TFF9, TFFA, and TFFB values can be output to timer output pins TO8
(shared with P92), TO9 (shared with P93), TOA (shared with P96), and TOB (shared
with P96) respectively.

As the timer output pins also function as P92, P93, and P96, set port 9 function
register POFC before performing timer output. (See Figure 3.5.34, Port 9 Related
Registers)
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3.8.3  Operation Description for Each Mode

(1) 16-bit interval timer mode

Interval timers 8 and 9 can be used independently as 16-bit interval timers. The
following describes the example of timer 8 only.

Example: Generate interrupts at fixed intervals

To generate timer interrupts at fixed intervals, set the interval time (cycle) in 16-bit
timer register TREG9 and use interrupt INTTRO.

Set the registers as follows.

_ 76543210
T16RUN

€«-X-0XXXX Stop timer 8.

INTET89 « 11001000 Enable INTTRY, set interrupt level to 4, and disable
INTTRS.
T8FFCR « 11000011 Disable trigger.
T8MOD « 001001 * * Set internal clock to input clock, disable capture
(**=01,10,11) function, clear and enable up-counter.
TREGO  « * o o & & % % % Setinterval time. (16 bits)
dk ok ok ok ok Kk ko

TIGRUN « 1 X -1 XX XX Start timer 8.

Note: X: Don't care : No change

(2) 16-bit event counter mode

Timers 8 and 9 can be set to operate as event counters by setting external inputs TI8
and TIA as the timer clock sources. The following describes timer 8 only.

The 16-bit up-counter UC8 counts up on the rising edge of the TI8 input. The count
value can be read by performing a software capture and reading the capture value.

Timer input pin TI8 is shared with P90. However, there is no selection function.
Therefore, event counter operation can be performed at any time by setting timer 8 to
operating state. Set the registers as follows.

— 7654321
TI6RUN « - X -0 X X X X Stop timer 8.
PA9CR € - - == === 0 Set P90 to input mode.
INTET89 « 11001000 Enable INTTR9 (level 4) and disable INTTRS.
T8FFCR « 11000011 Disable trigger.
T8MOD « 00100100 Setinput clock to TI8.
TREGY  « * * % o o o 3 % Set number of counts (16 bits).
%k ok ok ok ok &k ok %k
TIBRUN « 1 X - 1 X X X X Start timer 8.
Note 1: X: Don't care -:No change

Note 2: The prescaler must also be running when using a 16-bit timer as an event counter
(TT6RUN<PRRUN> =1).
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(3) 16-Bit programmable pulse generation (PPG) output mode

Timers 8 and 9 can output a square wave with a user-specified frequency and duty
(programmable square wave). The output pulse can be either active-low or active-high.

Timer 8 outputs a square wave from pin TOS8 (shared with P92) ; timer 9, from TOA
(shared with P96).

The following describes timer 8 only.

A programmable pulse (square wave) can be output from pin TO8 by triggering
inversion of timer flip-flop TFF8 when a match occurs between the 16-bit up-counter
UC8 and TREGS, or between UC8 and TREG9. The TREG8 and TREGY settings must
satisfy the following condition:

(TREGS setting) < (TREGY setting)

st | NN \ N | N | N
AV T

Pin TO8 \j (; / I | I
Y WU U u

Figure 3.8.3 16-Bit Programmable Pulse Generation (PPG) Output Waveform

Match with TREG9

(INTTR9 interrupt)

Enabling the TREGS8 double-buffer in this mode shifts the value of register buffer 8 to
TREG8 when TREGY9 matches UC8. Using the double-buffer facilitates handling of
small duty waves.

Match with TREGS (A, Upcomnter=a;
Match with TREG9 ﬂ
atchwi [ shiftto TREGY
TREGS8
(compare value) Qs \X Q2
Register buffer Q2 k Q3

TREGS8 write

Figure 3.8.4 Register Buffer Operation
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Figure 3.8.5 is a block diagram of 16-bit PPG output mode.

T16RUN<TBRUN> 108 (PPG output) TO9
TIS(?xtefn)waI input) —>
#T1(8/fc —> 16-bit up-counter F/F F/F
Select cl
ﬁﬁéﬁéafc/)fc) e nti (uce) =t (TFF8) (TFF9)
T8MOD
<T8CLK1,0>
A4
16-bit comparator Match 16-bit comparator . Match
AN VAN
TREG8
VAN
Selector
TREG8-WR —>
Register buffer 8 TREG9
DBSEN
T89CR<DBSEN> e s
S Internal data bus S
Figure 3.8.5 16-Bit PPG Output Mode Block Diagram
In 16-bit PPG output mode, set the registers as follows.
_ 76543210
TIBRUN « - X -0 XX XX Stop timer 8.
TREG8  « * * % o ok 3k & % Set the duty. (16 bits)
s ok dk ok ok ok ok ok
TREG9  « * * * * x & ¥ & Set the interval. (16 bits)
s % ok ok ok ok ok ok
TBCR « 0 XX XX0-1 Enable TREG8 double-buffer
(Duty/interval modified by INTTR9 interrupt)
T8FFCR « 11001110 Set TFF8 to invert at detection of match with TREG8
or TREGY. Set TFF8 initial value to 0.
T8MOD « 00100 1 * * Set input clock to internal clock, and disable capture
(**=01,10,11) function.
P9CR - - - - - 1-- } Set P92 as TOS.
POFC X -XX-1XX
LTI6BRUN « 1 X -1 X X X X Start timer 8.
Note: X:Don't care -:No change
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(4) Example of capture function application

Use the capture function to realize many applications, including the following
examples.
[1] One-shot pulse output from the external trigger pulse
[2] Frequency measurement
[3] Pulse width measurement
[4] Time differential measurement
The following describes these applications based on timer 8.

[1] Onme-shot pulse output from external trigger pulse

Obtain one-shot pulse output from the external trigger pulse as follows.

Set 16-bit up-counter UCS8 to free-running count-up using an internal clock.

Input the external trigger pulse from pin TI8. Load the up-counter value to
capture register CAP1 on the rising edge of the external trigger pulse using the
capture function.

Interrupt INT5 is generated on the rising edge of the external trigger pulse. Add
the value of capture register CAP1 at this interrupt (c) to the delay time (d), and set
timer register TREGS to the sum of these values (c + d). Add the pulse width of the
one-shot pulse (p) to TREGS, and set timer register TREG to the result (c + d + p).

In addition, set the timer 8 flip-flop control register TSFFCR<EQ9TS8, EQ8T8> to
11 and enable the trigger to invert timer flip-flop TFF8 when a match occurs
between UC8 and TREG8 or UC8 and TREGY. Then, after output of the one-shot
pulse, set the trigger back to disabled state during INTTR9 interrupt processing.

The (c), (d), and (p) notation above corresponds to ¢, d, and p in Figure 3.8.6,
One-Shot Pulse Output from External Trigger Pulse (With Delay).

(> Set counter to free-running

Count clock _wml____mmm__m_m__-

(internal clock) T

Up-counter value c c+d c+d+p

TI8 input l l

(external trigger pulse) \s- Load counter value to capture register 1
(CAP1), generate INTS
(Generate

Enable
inversion ( /ﬂ INTTR9

Enable H
| inversion !
Timer output TO8 pin

: ]
Disable inversion / Delay time i Pulse width :
on loading to CAP1 d 1 |

Match with TREG8

Match with TREG9

e S S

p

Figure 3.8.6 One-Shot Pulse Output from External Trigger Pulse (With Delay)

95CS54-129 2005-05-10



TOSHIBA TMP95CS54

Example: On pin TI8, output 2 ms one-shot pulse with 3 ms-delay after external

trigger pulse.

Main settings Set to free-running.
_ ‘ — Setsource clock to ¢T1.
T8BMOD « - -101001

Load counter value to CAP1 at TI8 input rising edge.
T8FFCR« 11000010

| AN
Zero clear TFF8 output.
L Disable TFF8 inversion.

POCR ¢ =----- 1--
POFC ¢ X -XX-1XX } Set P92 as TO8.
INTE45 ¢« - ---1100 Enable INT5 and disable INTTR8 and INTTR9.
INTET89¢« 10001000
L T1I6RUN « 1 X -1 X X X X Start timer 8.
Settings at INT5
TREG8 « * * * & & X % x CAP1+3ms/¢4T1
TREG9 « * * * * % % % ok TREG8+2ms/4T1
T8FFCR ¢ - - - -11 - -

Enable TFF8 inversion on match with TREG8 or TREG9.
INTET89« 1100 - - - - Enable INTTR9.
Settings at INTTR9
T8FFCR ¢ - - --00 - -

Disable TFF8 inversion on match with TREG8 or TREG9.
INTET89« 1000 - - - - Disable INTTR9.
Note: X: Don't care -:No change

If delay time is not required, invert timer flip-flop TFF8 by loading capture
register 1 (CAP1). Set timer register TREGY to the sum of the one-shot pulse width
(p) and the value of CAP1 at interrupt INT5 (¢) (¢ + p). Set the TFF8 inversion on a
match between TREG9 and UC8, and select inversion enable. On interrupt INTTRO,
disable the TFF8 inversion.
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Count clock _J“m_lmn______l“lm"l_ _____ _ﬂ",'"m___-
C

(internal clock) C+p

TI8 input
(external trigger pulse)

|

Load capture register CAP1
Generate INT5.

7 Generate INTTR9

|

1
Enable inversion(
RN

Load capture register CAP2

Match with TREG9

Timer output TO8 pin

Pulse width

7

Enaple inversion on ! p Disable inversion on loading to CAP2
loading to CAP1.

Figure 3.8.7 External Trigger Pulse One-Shot Pulse Output (No Delay)

[2] Frequency measurement

The frequency of an external clock can be measured by the capture function.

The frequency is measured by combining the 8-bit timers (timers 0, 1) in 16-bit
event counter mode. (Timers 0 and 1 are used to set the measuring time by inverting
TFF1.)

Select the TI8 input as the timer 8 count clock and count timer 8 on the external
clock input. Set timer 8 mode control register TSMOD<CAP12M1, 0> to 11. This
setting loads the counter value of 16-bit up-counter UC8 into capture register CAP1
on the rising edge of timer flip-flop TFF1. It also loads the counter value into capture
register CAP2 on the falling edge of timer flip-flop TFF1. TFF1 is the timer flip-flop
of the 8-bit timers (timers 0, 1).

Based on the measuring time, the frequency is calculated from the difference
between capture registers CAP1 and CAP2 at the 8-bit timer interrupts (INTTO or

INTT1).
Count clock (TI8input) _ JIJUIJWL ______ _I'm"ﬂ ______
1 c2
TFF1 : ! . !_
1
Load to CAP1 ! cl E !] C1 i
! 1
Load to CAP2 \\E !ll 2 i !'l c2
INTTO/INTT1 | | I M

Figure 3.8.8 Frequency Measurement

For example, if TFF1 (8-bit timer flip-flop) is set to 1 for 0.5 s, and the difference
between CAP1 and CAP2 is 100, the frequency is 100 + 0.5 s = 200 Hz.
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(3]

Count clock
(internal clock)

TI8 (external pulse)

Load to CAP1
Load to CAP2

INTS

Note:

Pulse width measurement

The high-level width of an external pulse can be measured using the 16-bit timer
capture function.

To measure the pulse width, first set 16-bit up-counter UC8 to operate as a
free-running up-counter driven by an internal clock. Using the capture function,
load the up-counter value into capture registers CAP1 and CAP2 on the rising and
falling edges respectively of the external pulse being measured on the TI8 pin.

Using these settings, the high-level pulse width can be calculated during INT5
interrupt processing by multiplying the difference between CAP1 and CAP2 by the
internal clock cycle.

For example, if the difference between CAP1 and CAP2 is 100 and the internal
clock cycle is 0.8 ps, the pulse width is 100 X 0.8 ps = 80 ps.

Caution is required when the width of the pulse being measured exceeds the
maximum UCS8 count time (which is determined by the clock source). Software
processing is required in this case.

o

= = iy i
0
N

Figure 3.8.9 Pulse Width Measurement

Measure pulse width by setting the timer 8 mode control register TSMOD<CAP12M1, 0>
to 10. External interrupt INT5 is generated on the falling edge of the TI8 input pin. At other
settings, INT5 is generated on the rising edge of TI8.

It is also possible to measure the width of low level external pulses. In this case,
the pulse width is calculated during the interrupt processing for the second INT5
interrupt by multiplying the internal clock cycle by the difference between the value
of C2 at the first INT5 interrupt and the value of C1 at the second INT5 interrupt.
However, as the first C2 value has been overwritten by the time of the second INT5
interrupt, the C2 value must be saved during processing of the first INT5 interrupt.
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[4] Time difference measurement

The time difference between two events can be measured using the 16-bit timer
capture function.

To measure time difference, first set the 16-bit up-counter UC8 to operate as a
free-running up-counter driven by an internal clock. Load the value of up-counter
UC8 into capture register CAP1 on a rising edge detected on the TI8 pin input pulse.
Interrupt INT5 is generated at this time.

Similarly, on a rising edge detected on the TI9 pin input pulse, load the up-counter
UCS8 value into capture register CAP2. Interrupt INT6 is generated at this time.

When both values have been loaded into the capture registers, calculate the time
difference by multiplying the difference between CAP2 and CAP1 by the internal
clock cycle.

Count clock _ """"" _______ JU“WL _____

(internal clock) c1 Cc2

TI8 input

]

Load to CAP1

TI9 input /(
|
\

\

Time difference

| [

i v —
INTS h \

INT6 E \

Figure 3.8.10 Time Difference Measurement
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(5) Phase output (only available on timer 8)

Signals with a user-specified phase difference can be output using the 16-bit timer.

Select an internal clock as the clock source and set the 16-bit up-counter UCS8 to
free-running. Set the phase difference in 16-bit timer registers TREG8 and TREGY, set
timer flip-flops TFF8 and TFF9 to invert when a match is detected for TREG8 and
TREG?Y, and output the flip-flop values from TO8 and TO9.

Counter
(free-running)

Match with TREG8 ﬂ ” ” |-|

Match with TREG9 / {/ﬂ |-| I-I
\
TO8 —
TO9

Figure 3.8.11 Phase Output

Table 3.8.1 lists the cycles (counter overflow times) that can be set for each clock
source.

Table 3.8.1 16-Bit Up-Counter Overflow Times

24 MHz
#T1 2185 ms
T4 8738 ms
$T16 349.53 ms
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3.9 Serial Channels

The TMP95CS54 has two internal serial input/output channels. The serial channels have the
following four operating modes.

e I/O interface mode
Mode 0:  Can be used to expand the I/O by sending and receiving I/O data
and the associated synchronizing signal (SCLK).
¢  Universal asynchronous receiver transmitter (UART) mode
Mode 1:  Send/receive data length: 7 bits

Mode 2:  Send/receive data length: 8 bits
Mode 3:  Send/receive data length: 9 bits

A parity bit can be added in modes 1 and 2. Mode 3 has a wake-up function that allows a master
controller to activate slave controllers via a serial link (multi-controller system).
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$T0 (4/fc)
$T2 (16/fc)
#T8 (64/fc)

$T32 (256/fc) —+>

Serial Transfer Clock Generator Circuit

Internal clock ¢ 1 (2/fc)

“
o
2
v
Q+2i o
[}
w

SCLKO input

[}

!

BROCR<BROCK1, 0> TO2TRG i

T . (Timer 2 comparator output) |

! ¢ <BR0S3to 0> !

i ¥ ' « | UART !

—™ s ] 2 [ mode | 1SIOCLK

—Il'> S 9 : g ,8 1

| o S T ° 1] !

. o —| 4 :

- iz |

i- Baud rate | i
L—- DAQUU 1AL e 4

generator 0 SCOMOD A :

<sc1,0> SCOMOD !

<sM1,0> !

1

I/0 interface mode |

!

1

1

1

[}

1

SCLKO SCOCR<IOC>
External clock
enable
scLko O Y
(shared by P82) SCLKO INTRXO INTTXO
output A A
Receive counter| |SCOMOD | Serial channel Send counter
(+16in UART <WU>-—>| interrupt (+16in UART
mode only) control mode only)
RxDCLK ¥ A TXDCLK | 1 J
SCOMOD :
< RXE>—> Receive send trol
control end contro | Handshake 0 /5o
SCOCR control (shared b
<PE> <EVEN> y
¢ P82)
Parity control SCOMOD < CTSE>
RxDO I'_'I-"'*'*l Receive buffer 1 (shift register) l
(shared by P81)

RB8 |Receive buffer 2 (SCOBUF) I I Error flag |
T

SCOCR
<OERR><PERR><FERR>

Yy

| 188 | sendbuffer (scoBUF) |———>01TxD0

(shared by
P80)

Internal data bus

5

Figure 3.9.1 Block Diagram of Serial Channel 0
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3.9.1  Serial Channel Registers

Each serial channel is controlled by three control registers (SCOCR, SCOMOD, and BROCR
in the case of channel 0). Data sent and received are stored in the serial send/receive buffer
register in each channel (SCOBUF in the case of channel 0).

(1) Serial channel 0

Serial Channel 0 Mode Control Register

7 i 6 5 1 4 3 i 2 i1 i
oD bit Symbol TB8 i CTSE RXE : WU SM1 i SMO i SC1 i SCO
SCOM ;
Read/Write R/W
(004EH) ; : : : : :

After reset |[Undefined: 0 0 : 0 0 : 0 H 0 : 0
Bit8of  iHandshake:Receive :iWake-up :Serial transfermode :Serial transfer clock
send data function icontrol ifunction iselection iselection (UART mode)

‘control :0: Receive :0: Disable :00: I/O interface :00: TO2 trigger
Function 0:CTSO : disable :1: Enable i mode :01: Baud rate
u ¢ disable i1: Receive : i01: 7-bitUARTmode i  generator 0
i1:CTSO  : enable : i10: 8-bit UART mode :10: Internal clock ¢1
i enable : : i11: 9-bit UART mode :11: SCLKO pininput
: : i (external clock)
1 1
— |
|—> Serial transfer clock selection (UART mode)
00 | Timer 2 comparator output
01 |Baud rate generator 0
10 [ Internal clock ¢1 (2/fc)
11 | SCLKO pin input (external clock)
—> Serial transfer mode selection
00 | l/Ointerface mode
01 | 7-bit UART mode
10 | 8-bit UART mode
11 [ 9-bit UART mode
———> Wake-up function
(Other than 9-bit UART mode, don't care)
0 | Disable
1 | Enable
Receive control
0 | Receive disable
1 | Receive enable
Store bit 8 of send data Handshake function (CTSO pin) enable
?Wt:'tthw::: r)node Store send parity bit .0 | Disable (send always enabled)
VI MY e, 1 | Enable
9-bit UART mode Store bit 8 of receive
data

Figure 3.9.2 Serial Channel 0 Related Register (1/6)
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Serial Channel 0 Control Register
7 6 5 i 4 i 3 i 2 i 1 i 0
bit Symbol RBS EVEN PE OERR i PERR i FERR : SCLKS i 10C
SCOCR - :
(004DH) Read/Write R R/W R (Cleared to 0 when read) 5 R/W
After reset Undefinedé 0 ' 0 0 0 0 0 0
Bit8of  :iOdd/even :Parity bit {SCLKO pin :Serial
receive  :parity :addition 1: Error input itransfer
data iselection icontrol ‘edge iclock
(0:0dd  i0:No o trrereee e i s€lection  iselection
i1:Even | nparity ! . : . :0: Rising (/O interface
. : . :Overrun :Parity :Framing : :
Function : ¢ bit : : : : edge :imode)
i1: Parity Eerrorflag ierrorflag éerrorflag i1: Falling :0:Baudrate
i bit : H : ! edge generator
0
i1 1 SCLKO pin
input

L> Serial transfer clock selection
(I/O interface mode)

0 |Baud rate generator 0 (Note 1)

1 | SCLKO pininput (external clock)

—> Edge selection in SCLKO pin input operations

Data send/receive at

SCLKO rising edge ( —r )

Data send/receive at
| ()

SCLKO falling edge

—> Framing error flag
—> Parity error flag
—> Overrun error flag

Cleared to 0 when read.
(Note 2)

Parity bit addition control

0 |No parity bit

1 |Parity bit

Even/odd parity selection
0 [Odd parity

1 |Even parity

Receive data store bit 8

8-bit UART mode Store receive parity
(with parity) bit

9-bit UART mode Store bit 8 of receive
data

Note 1: To use the baud rate generator, set TI6RUN<PRRUN > to 1 and run the prescaler.
Note 2: Asthe error flags are all cleared to 0 after reading, don't test only one bit with a bit test instruction.

Figure 3.9.2 Serial Channel 0 Related Register (2/6)
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Baud Rate Generator 0 Control Register
7 ¢ 6 i o5 i o4 i 3 i 2 i 1 i 0
BROCR |bitSymbol - : ! BROCK1 i BROCKO : BROS3 BROS2 : BROS1 : BROSO
(004FH) |Read/Write | RW : R/W
After reset 0 0 H 0 : 0 : 0 0 0
Note: H :Baud rate generator 0 :
Always : linput clock selection
. fixed : :00: ¢TO (4/fc) . .
Function t00. 101: 472 (16/f¢) Divisor setting for baud rate generator 0
H £10: ¢ T8 (64/fc)
i11: $T32(256/fc)
I I
L» Baud rate generator 0 divisor setting
0000 [Divideby 16
0001 |Divide by 1 (no division) (Note 1)
to to
1111 |Divideby 15
L——— Baud rate generator 0 input clock selection
00 |Internal clock ¢TO (4/fc)
01 |Internal clock $T2 (16/fc)
10 |Internal clock ¢T8 (64/fc)
11 |Internal clock ¢T32 (256/fc)
Note 1: The baud rate generator can be divided by 1 in UART mode only. Do not use this setting in I/0
interface mode.
Note 2: Don’t read from or write to BROCR register during sending or receiving.
Serial Channel 0 Buffer Register
SCOBUF 7 i 6 i 5 i 4 i 3 2 i 1 i 0
(004CH) bit Symbol B i RBOG : RB0O5 : RBO4 RBO3 RBO2 i RBO1 i RBOO
Reetd-modify- y TBO7 : TBO6 : TBO5 : TBO4 TBO3 TBO2 i TBO1 : TBOO
write
instructions | Read/Write R (receive) / W (send)
prohibited. After reset Undefined

Figure 3.9.2 Serial Channel 0 Related Registers (3/6)
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(2) Serial channel 1
Serial Channel 1 Mode Control Register
7 6 {5 a4 i o3 i 2 i 1 i 0
bit Symbol TB8 CTSE RXE wuU SM 1 SMO i SC1 i SCO
SC1MOD -
Read/Write RW
(0052H) — : : : :
After reset |Undefined : 0 : 0 0 : 0 0 : 0 : 0
Bit8of iHandshake:Receive :Wake-up :Serial transfer mode :Serial transfer clock
send data ifunction icontrol function iselection iselection
‘control  :0: Receive :0: Disable :00: I/O interface {(UART mode)
0: CTST : disable :1: Enable | mode :00: TO2 trigger
Function i disable :1: Receive : :01: 7-bit UART mode :01: Baud rate
i1: CTST i enable :10: 8-bit UARTmode :  generator 1
! enable : : :11: 9-bit UART mode :10: Internal clock 41
; : 111: SCLK1 pininput
: i (external clock)
[ 1
—— |

Store bit 8 of send data

|—> Seria

| transfer clock selection (UART mode)

Timer 2 comparator output

SCLK1 pin input (external clock)

| transfer mode selection

I/0 interface mode

9-bit UART mode

——> Wake-up function
(Other than 9-bit UART mode, don't care)

T Rt A
1 | Enable

Receive control

.0 |Receivedisable
1 | Receive enable

8-bit UART mode
(with parity)

9-bit UART mode

Store send parity bit
Store bit 8 of receive
data

Figure 3.9.2 Serial Channel 1 Related Register (4/6)

Handshake function (CTS1 pin) enable

Disable (send always enabled)

Enable
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Serial Channel 1 Control Register
7 6 i 5 i 4 i 3 2 i 0
SC1CR bit Symbol RB8 EVEN PE OERR PERR FERR SCLKS 10C
(0051H) Read/Write R RW R (Cleared to 0 when read.) RW
After reset Undefined§ 0 0 0 : 0 . 0 : 0 0
Bit8of  :iEven/odd :Parity bit {SCLK1 pin :Serial
receive  iparity iaddition linput itransfer
: . : 1: Error :
data :selection :control edge :clock
{0: Odd :0: No ettt e e g e e selection iselection
i1:Even : parity : Overrun : Parity | Framing Rising (VO interface
Function : P obit terrorflag : errorflag : errorflag ! edge  imode)
H1: Parity H : i1: Falling :0: Baud rate
bit ! edge ! generator
|
: : 1 SCLK1 pin
: : input

|—> Serial transfer clock selection
(/0 interface mode)

Baud rate generator 1 (Note 1)

1 |SCLK1 pin input (external clock)

—> Edge selection in SCLK1 pin input operations
Data send/receive at
0 SCLK1 rising edge <——r )
Data send/receive at ( — )
! SCLK1 falling edge

—> Framing error flag
—> Parity error flag
—> Overrun error flag

Cleared to 0 when read.
(Note 2)

Parity bit addition control

No parity bit

1 |Parity bit

Even/odd parity selection
Odd parity

1 |Even parity

Store bit 8 of receive data

8-bit UART mode
(with parity)

9-bit UART mode

Store receive parity
bit

Store bit 8 of receive
data

Note 1: To use the baud rate generator, set TIGRUN<PRRUN> to 1 and run the prescaler.

Note 2: Asthe error flags are all cleared to 0 after reading, don’t test only one bit with a bit test instruction.

Figure 3.9.2 Serial Channel 1 Related Register (5/6)

95CS54-141

2005-05-10



TOSHIBA TMP95CS54
Baud Rate Generator 1 Control Register
7 i e i s i o4 i 3 i 2 i 1 i 0
BRICR LbitSymbol - i BRICK1 | BR1CKO i BR1S3 i BR1S2 : BR1S1 : BR1SO
(0053H) |Read/Write R/W : R/W
After reset 0 : 0 0 : 0 : 0 : 0 : 0
Note: :Baud rate generator 1 !
Always iinput clock selection i pjyisor setting for baud rate generator 1
Function fixedto 0. : :00: ¢TO (4/fc) :
unctio : i01: T2 (16/fc)
$10: $T8 (64/fc)
i11: ¢T32 (256/fc)
1 1 I
L Baud rate generator 1 divisor setting
0000 |Divide by 16
0001 [Divide by 1 (no division) (Note 1)
to to
1111 |Divide by 15
L——————> Baud rate generator 1 input clock selection
00 |[Internal clock ¢TO (4/fc)
01 [Internal clock ¢T2 (16/fc)
10 |Internal clock ¢T8 (64/fc)
11 |Internal clock ¢T32 (256/fc)
Note 1: The baud rate generator can be divided by 1 in UART mode only. Do not use this setting in /O
interface mode.
Note 2: Don't read from or write to BR1CR register during sending or receiving.
Serial Channel 1 Buffer Register
SC1BUF 7 : 6 : S5 : 4 : 3 : 2 : 1 : 0
(0050H) | .. RB17 RB16 RB15 : RB14 : RB13 i RB12 : RB11 : RB10
) bit Symbol * ; : : :
Read-modify- TB17 TB16 TB15 : TB14 i TB13 i TB12 i TB11 : TB10
write . .
instructions Read/Write R (receive) / W (send)
prohibited. | After reset Undefined

Figure 3.9.2 Serial Channel 1 Related Registers (6/6)
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3.9.2 Block Structure

As serial channels 0 and 1 operate identically, the following uses channel 0 as an example.

(1

(2

3

Serial transfer clock generator circuit

The serial transfer clock generator circuit generates SIOCLK (internal signal), which
is the send/receive basic clock. To generate SIOCLK, select the clock source required for
the generation.

[1] T/O interface mode

As the clock source, select either baud rate generator 0, or SCLKO from an
external source. Set the clock source in bit 0 (<IOC>) of serial channel 0 control
register SCOCR.

When baud rate generator 0 is selected (<IOC> = 0), this circuit generates
SIOCLK by dividing the output of the baud rate generator by 2.

When external SCLKO is selected (<IOC> = 1), SIOCLK is set to the same value as
the external source.

[2] UART mode

In addition to the clock sources in I/O interface mode, the comparator output of
timer 2 and the internal clock @1 (2/fc) can also be selected as clock sources.

Bits 1 and 0 of serial channel 0 mode control register SCOMOD<SC1,0> select the
clock source. SIOCLK is set to the same value as the selected clock source.

Receive counter

The receive counter is a 4-bit binary counter used in UART mode.
The receive counter uses SIOCLK as the count clock to generate receive sampling
clock RxDCLK (internal signal).

Receive control

[1] T/O interface mode

In I/O interface mode, the receive data input to the RxDO pin are sampled
synchronously with transfer clock SCLKO.

Setting serial channel 0 control register SCOCR<IOC> to 0 samples the received
data on the rising edge of SCLKO. Setting SCOCR<IOC> to 1 samples the data on
the rising or the falling edge of SCLKO as determined by the setting of
SCOCR<SCLKS>.

[2] UART mode

The receive data are sampled bit by bit using RxDCLK, which is generated by the
receive counter. Each bit of data is sampled three times, using majority rule. If two
or more instances of the same value are detected among three samples, the circuit
recognizes the data as receive data. If the sampled data are 1, 0, 1, for example, the
data are evaluated as 1;if 0, O, 1, the data are evaluated as 0.
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SIOCLK

TxDCLK

(4) Receive buffer

The receive buffer has a double-buffer configuration to prevent overrun error. Receive
buffer 1 stores the data received bit by bit.

When receive buffer 1 contains seven or eight bits of data, the data are transferred to
receive buffer 2 (SCOBUF), generating interrupt INTRXO.

Reading the data in receive buffer 2 clears the interrupt request flag
INTRXO0<IRX0C>.

Even before the CPU reads the data in receive buffer 2, the next data can be received
and stored in receive buffer 1.

However, receive buffer 2 must be read before all bits of the next data frame are
received by buffer 1. If not, an overrun error occurs and the contents of receive buffer 1
are lost, although the contents of receive buffer 2 and the serial channel 0 control
register SCOCR<RB8> are preserved.

In 8bit UART mode (mode 2) with parity added, the parity bit is stored in
SCOCR<RBS8>. In 9-bit UART mode (mode 3), the MSB is stored in SCOCR<RBS&>.

(5) Send counter

The send counter is a 4-bit binary counter used in UART mode.
The send counter uses SIOCLK as its count clock, generating send clock TxDCLK
(internal signals).

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1 2

[ [

Figure 3.9.3 Send Clock Generation

(6) Send control

[1] 1/O interface mode
In I/O interface mode, the TMP95CS54 outputs send data from the TxDO pin
synchronously with transfer clock SCLKO.
Setting serial channel 0 control register SCOCR<IOC> to 0 outputs send data on
the rising edge of transfer clock SCLKO.
Setting SCOCR<IOC> to 1 outputs the send data on the rising or falling edge of
SCLKO as determined by the setting of SCOCR<SCLKS>.
[2] UART mode

In UART mode, the send data are output synchronously with the rising edge of the
TxDCLK send clock generated by the send counter.

(7) Send buffer

Send buffer (SCOBUF) outputs the send data written by the CPU, beginning with the
least significant bit.
When all bits are output, the empty send buffer generates interrupt request INTTXO.
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®

€)

Parity control

Parity bit addition can only be set in 7-bit UART mode (mode 1) and 8-bit UART mode
(mode 2).

When serial channel 0 control register SCOCR<PE> is set to 1, data can be sent with a
parity bit added. SCOCR<EVEN> selects even parity or odd parity.

A send operation automatically generates the parity bit determined by the send data.
In mode 1, SCOBUF<TB7> stores the parity bit; in mode 2, serial channel 0 mode control
register SCOMOD<TBS8> stores the parity bit.

Set both <PE> and <EVEN> before writing the send data in SCOBUF.

When receiving, parity is calculated from the received data and compared with the

received parity bit. If the parities differ, a parity error occurs and parity error flag
SCOCR<PERR> is set to 1.

Error flags
To improve the reliability of data reception, serial channel 0 control register SCOCR
contains the following three error flags.
[1] Overrun error <OERR>
When all bits of the next data frame have been received in receive buffer 1 while

valid data are stored in receive buffer 2 (SCOBUF), an overrun error occurs.
At an overrun error, the data received in buffer 1 are lost.

[2] Parity error <PERR>
The parity bit determined by the data stored in receive buffer 2 (SCOBUF) is
compared with the received parity bit. If the parities differ, a parity error occurs.
[3] Framing error <FERR>

The stop bit of data received is sampled three times. If the majority of samples are
0, a framing error occurs.

If an error occurs, these error flags are set to 1. Reading the SCOCR register clears the
error flags to 0. If an error occurs, fix by software.
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(10) Handshake function control (only supported in UART mode)

The serial channels use the CTSO input pin to send data in one-frame units, thus
preventing an overrun error. The serial channel 0 mode control register
SCOMOD<CTSE> enables or disables the handshake function.

In send operations, sending starts when a low level signal is input to the CTSO pin.

When CTSO goes high, data sending is halted when sending of the current data
completes and the pin is set to wait state. Sending is not restarted until CTSO goes low
again.

Although an RTSO pin is not provided, any port can be assigned to the RTSO function.
When the receiving side has completed reception, the receiving interrupt processing
routine outputs a high-level signal from the port assigned to the RTSO function. A
handshake function can be easily configured by connecting the sending side CTSO pin
and the receiving side RTSO pin.

TMP95CS54 TMP95CS54
TxDO RxDO
CTSO RTSO (any port)
Sending side Receiving side

Figure 3.9.4 Handshake Function

Timing for writing £
data to send buffer

Sending halted {t
CTS0 during this time

13 16 1 14 15 16 1 2 3

SIoCLK _;$_I‘L.I'I_I'I_I‘|_I'I_I‘LI'I_‘;__I‘I_FLI"I_I‘LI‘|_J‘I_
TxDCLK 4 [l 4 [

N N

(¢

TxDO " \ start bit A bit0

[1] When the CTSO singnal risedsignal rises during sending, sending of the current

data frame completes is completed, and sending of the next data frame halts.
[2] Sending begins at the first TxDCLK clock falling edge after the CTSO signal
drops.

Figure 3.9.5 CTSO0 (Clear to Send) Signal Timing
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3.9.3  Description of Operation

As serial channels 0 and 1 operate identically, the following uses channel 0 as an example.

(1) Setting send/receive clock transfer rate

[1] Transfer rate setting with baud rate generator selected

The baud rate generator is a circuit used to generate a clock source for the
send/receive clock that controls the serial channel transfer rate.

The input clock for generating the clock source can be selected from among ¢@TO
(4/fc), T2 (16/fc), T8 (64/fc), or ¢T32 (256/fc) from the 9-bit prescaler (see 3.7.2 (1),
Prescaler). The 8-bit and 16-bit timers share the prescaler. Bits 5, 4 of baud rate
generator control register BROCR<BROCK1:0> select the input clock.

The selected input clock is divided by the 4-bit divider performing 1 to 16 divisions.
Bits 3 to 0 of BROCR<BRO0S3:0> set the divider. The divided clock is the output clock
for the baud rate generator.

The following are the transfer rate calculation formulas when the baud rate
generator is selected:

e 1/O interface mode
Baud rate generator input clock [Hz]

Transfer rate [bps] = Baud rate generator divisor (2 to 16) w2
Note: In I/O interface mode, do not set divisor to 1.
e UART mode
Transfer rate [bps] = Baud rate generator input clock [Hz] +16

Baud rate generator divisor (1 to 16)

The relationship between the input clock and the source clock (fc) is:

oTO = 4/fc
oT2 = 1e6/fc
¢oT8 = 64/fc
¢oT32 = 256/fc

Accordingly, with the source clock set to 12.288 MHz, when ¢T2 (16/fc) is selected
as the input clock and the divisor is 5, the transfer rate in UART mode is:

Transfer rate = L;G +16=12.288 x 106 + 16 ~ 5 + 16 = 9600 [bps]

Table 3.9.1 shows examples of transfer rate settings in UART mode.
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[2] Transfer rate settings with the timer 2 comparator output selected (UART mode
only)

The following are the transfer rate calculation formulas when the timer 2
comparator output is selected:

Timer 2 input clock [Hz]
TREG2 (1 to 256)

Transfer rate [bps] = +16

The relationship between the timer 2 input clock and the source clock (fc) is:

¢oT1 = 8/fe
oT4 = 32/fc
oT16 = 128/fc

Accordingly, with the source clock set to 24 MHz, when the timer 2 input clock is
set to 'T1 and TREG2 is set to 1, the transfer rate is:

fc/8
= — = = 6 - Q1+ =
Transfer rate TREGS 16 =24 x 108+ 8+ 1+ 16 = 187500 [bps]

Table 3.9.2 shows examples of the transfer rate settings.

[38] Transfer rate settings with external SCLK input selected

The following are the transfer rate calculation formulas when the external SCLK
input is selected:

e 1/O interface mode

Transfer rate [bps] = external SCLK input [Hz] + 2
o UART mode

Transfer rate [bps] = external SCLK input [Hz] + 16
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Table 3.9.1 UART Mode Transfer Rate Setting Example (1) (Using Baud Rate Generator)

Unit: Kbps
fclMHz] | pjyisor (nput clock (fi/Tf(cJ) (1¢61;1gc) (6¢4T/?c) (2¢513f2c)
9.830400 1 153.600 38.400 9.600 2.400

2 76.800 19.200 4.800 1.200

4 38.400 9.600 2.400 0.600

8 19.200 4.800 1.200 0.300

16 9.600 2.400 0.600 0.150

12.288000 5 38.400 9.600 2.400 0.600
10 19.200 4.800 1.200 0.300

14.745600 1 230.400 57.600 14.400 3.600
3 76.800 19.200 4.800 1.200

6 38.400 9.600 2.400 0.600

12 19.200 4.800 1.200 0.300

17.2032 7 38.400 9.600 2.400 0.600
14 19.200 4.800 1.200 0.300

19.6608 2 153.600 38.400 9.600 2.400
4 76.800 19.200 4.800 1.200

8 38.400 9.600 2.400 0.600

16 19.200 4.800 1.200 0.300

22.1184 9 38.400 9.600 2.400 0.600

Note: In I/O interface mode, the transfer rate are 8 times the values in this table.
In 1/0 interface mode, do not st the baud rate generator divisor to 1.

Table 3.9.2 UART Mode Transfer Rate Setting Example (2) (Using Timer 2 Input Clock ¢T1)

Unit: kbps
TREG? fo 12.288MHz 12MHz 9.8304MHz 8MHz 6.144MHz
1H 96 76.8 62.5 48
2H 48 384 31.25 24
3H 32 31.25 16
4H 24 19.2 12
5H 19.2 9.6
8H 12 9.6 6
AH 9.6 4.8
10H 6 4.8 3
14H 4.8 24
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* 8-bit UART mode (mode 2)

* 9-bit UART mode (mode 3)

(2) Data format

Figure 3.9.6 shows the data format for each mode.

* 1/Ointerface mode (mode 0)

(B0 000N

<«— Transfer direction

* 7-bit UART mode (mode 1)

7-bit data re
startAbitOX 1 X 2 X 3
7-bit data ree
+ parity bit \startl(bit OX 1 X 2

8-bit data reee
+ parity bit \startAbit OX 1 X 2

X=X
XX

W o € 6 6 O €
XX
X

9-bit data tee

starthitOX 1 X 2 X 3
9-bit data
(wake-up funct|on) \start'(blt OX X X X X

If bit8=1, address (select code)
If bit8=0, data

Figure 3.9.6 Data Formats
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(3) I/0 interface mode (Mode 0)

In this mode, data transfer to an external device is synchronous with the transfer
clock.

This mode is used to increase the number of I/O pins for sending or receiving data to
an external shift register or other external destinations.

This mode consists of SCLKO output mode, which outputs a synchronous clock
(SCLKO), and SCLKO input mode, which inputs a synchronous clock (SCLKO) from an
external source.

Figures 3.9.7 and 3.9.8 show connection examples of SCLKO output and input modes.

Output Input
expansion expansion
TMP95CS54 Shiftregister A |> TMP95CS54 Shift register A [«—
B > B =
TxDO S| Cr— RxDO QH C |~
D> D |
SCLKO SCK Ef—> SCLKO CLOCK E <
F > F [«
Port RCK G Port S/L G
H—> H<
Eg, TC74HC595 Eg, TC74HC165
Figure 3.9.7 Example of SCLKO Output Mode Connection
Output Input
expansion expansion
TMP95CS54 Shiftregister A > TMP95CS54 Shiftregister A |«
B—> B |<—
TxDO | CH—> RxDO QH C =
D> D =
SCLKO SCK E—> SCLKO [« CLOCK E <
F—> F |=—
Port RCK G—> Port0 S/L G~
H> H [=—
Eg, TC74HC595 Eg, TC74HC165
«— External clock l«— External clock

Figure 3.9.8 Example of SCLKO Input Mode Connection

95CS54-151 2005-05-10



TOSHIBA TMP95CS54

[1] Sending

In SCLKO output mode, each time the CPU writes data in the send buffer, eight
data bits are output from the TxDO pin, and a transfer clock signal is output from
the SCLKO pin. When all data have been sent, INTESO<ITX0C> is set, triggering an
INTTXO interrupt request.

Timing fodr
writing ;ear; d n\\ "
SCLKO ~—t A LA LA LA L_A
TxDO A_bitdo X bit1 X ) X bit6 X bit7 X
TxDSFT n I-I 4 I-I I-I n

—

ITX0C 4
(Request interrupt INTTXO0)

Figure 3.9.9 Sending in I/O Interface Mode (SCLKO Output Mode)

In SCLKO input mode, pin TxDO outputs eight transfer data bits when SCLKO
input is supplied and data are written to the send buffer by the CPU.

When all data have been sent, INTESO<ITX0C> is set, triggering an INTTXO0
interrupt request.

trsngmode) L& LA LA LKk L4
ST R w0 o 200 B A
TxDO X bito X bit1 X_E:,bits X bit6 X bit7 X
TXDSFT M [ M [
ITX0C ( I——

"

(Request interrupt INTTXO0)
Figure 3.9.10 Sending in I/O Interface Mode (SCLKO Input Mode)
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[2] Receiving

In SCLKO output mode, whenever the receive interrupt flag INTESO<IRX0C> is
cleared by the CPU reading the received data, a synchronous clock is output from
the SCLKO pin and the next data frame is shifted to receive buffer 1. When an 8-bit
data frame is received, it is transferred to receive buffer 2 (SCOBUF), and
INTESO<IRXO0C> is set again, triggering an INTRXO interrupt request.

IRX0C _*\ R {\

(Request interrupt INTRX0) "\

SCLKO Nt A LA LA LA LK

RxDO bit 0 X bit1  Xbit 2\5 X bit6 X bit7 Y
Timing for shifting Generate request
data to receive for interrupt INTRX0
buffer 2
Figure 3.9.11 Receiving in I/O Interface Mode (SCLKO Output Mode)
In SCLKO input mode, if SCLKO input is supplied when received data are read by
the CPU, thus clearing receive interrupt flag INTESO<IRX0C>, the next data frame
is shifted into receive buffer 1.
When an 8-bit data frame is received, it is shifted to receive buffer 2 (SCOBUF)
and INTESO<IRX0C> is set again, triggering an INTRXO0 interrupt request.
SCLKO input
(rising mcp>de) | A l A |_“_A l A | A
SCLKO input | Y _J Y |_s Y v TV

[{¢

RxDO bito X bit1 Xbit2, X bit6 X bit7 Y
N

Generate request for ~

Timing to shift data to interrupt INTRXO
receive buffer 2

Figure 3.9.12 Receiving in I/O Interface Mode (SCLKO Input Mode)

Note: To receive data, first enable reception (set SCOMOD<RXE> to 1) for either SCLKO input mode or
output mode.
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(4) 7-bit UART mode (Mode 1)

Setting serial channel 0 mode control register SCOMOD<SM1:0> to 01 specifies 7-bit
UART mode.

A parity bit may be added in this mode. Enable or disable the addition of a parity bit by
serial channel 0 control register SCOCR<PE>.

With<PE> set to 1 (parity bit added), SCOCR<EVEN> selects even or odd parity.

Setting example: send 7-bit data with an even parity bit added:

M\ DO

<«— Transfer direction (transfer rate: 2400 bps @fc = 12.288 MHz)

P&CR € == =-=~-~--~- 1} select P80 as TxDO pin.

PBFC ¢« X - -X--X1

SCOMOD « X 0 - X 0101 Set 7-bit UART mode.

SCOCR « X1 1XXXO00 Add even parity.

BROCR « 0X100101 Set transfer rate to 2400bps.

TI6RUN « 1 X - - - - - - Start prescaler for baud rate generator.

INTESO « 1 1 -- - - Enable interrupt INTTX0 and set interrupt level to 4.
|SCOBUF « * * % % % % % % Set send data.

Note: X: Don’t care -: No change

(5) 8-bit UART mode (Mode 2)

Setting serial channel 0 mode control register SCOMOD<SM1:0> to 10 selects 8-bit
UART mode.

A parity bit may be added in this mode. Enable or disable the addition of a parity bit by
serial channel 0 control register SCOCR<PE>. With<PE> set to 1 (parity bit added),
SCOCR<EVEN> selects even or odd parity.

Setting example: send 8-bit data with an odd parity bit added:

\etoe fomaX T X2 X5 X o X5 Yo X7 Yoy oor

<«—— Transfer direction (transfer rate: 9600 bps @fc = 12.288 MHz)
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Main routine settings:

76543210

[P8CR ¢ - - - - - - 0 - Select P81 (RxDO0) as input pin.

SCOMOD « - 01 X1001 Set 8-bit UART mode and enable reception.
SCOCR « X01XXXO00 Add odd parity.

BROCR « 0X 010101 Set transfer rate to 9600bps.

TIGRUN « 1 X - - - - - - Start the prescaler for baud rate generator.
LINTESO « - - - -1100 Enable interrupt INTRX0 and set interrupt level 4.
Note: X : Don’t care - : No change

Interrupt routine processing example:

Check for errors with SCOCR error flags (<KOERR>, <PERR>, <FERR>). If there are no
errors, read the data received.

(6) 9-bit UART mode (Mode 3)

Setting the serial channel 0 mode control register SCOMOD<SM1:0> to 11 selects 9-bit
UART mode.

A parity bit cannot be added in this mode.

When sending, the most significant bit (bit 9) is written to SCOMOD<TB8>.

When receiving, the most significant bit is saved in serial channel control register
SCOCR<RB8>. When the buffer is written to or read from, the most significant bit is
always read or written first.

Wake-Up Function

In 9-bit UART mode, select the slave controller wake-up function by setting
SCOMOD<WU> to 1. When SCOCR<RBS8> = 1, received data are interpreted as select
code, and an INTRXO0 interrupt request occurs.

TxD RxD TxD RxD TxD RxD TxD RxD
Master Slave 1 Slave 2 Slave 3

Note: The TxD pin of the slave controller must always be set to open-drain output mode using the ODE register.

Figure 3.9.13 Serial Link with Wake-Up Function
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(1]
(2]

(3]

(4]

(5]

(6]

Set the master controller and all slave controllers to 9-bit UART mode.

Set the serial channel 0 mode control register SCOMOD<WU> of each slave
controller to 1 to enable data reception.

The master controller sends one frame with the most significant bit (bit 8)
SCOMOD<TB8> set to 1. This frame contains the 8-bit select code of a slave
controller.

AYD0 00000005

uqu

Slave controller select code

The slave controllers receive the above data frame. The slave controller whose select
code matches the select code in the data frame received clears its SCOMOD<WU>
bit to 0.

The master controller sends data frames with their most significant bit (bit 8)
SCOMOD<TBS8> set to 0 to the specified slave controller (the controller whose
SCOMOD<WU> bit is cleared to 0).

A0 00000000

Data 0

The slave controllers whose SCOMOD<WU> bit is 1 ignore the received data as
interrupt INTRXO is not generated when the most significant bit (bit 8)
SCOCR<RBS8> remains cleared to 0 (when data are sent).

The slave controller whose SCOMOD<WU> bit is cleared to 0 can inform the
master controller of the termination of a send it received by sending data to the
master controller.
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Setting example: When linking two slave controllers serially with the master controller
using internal clock @1 as the transfer clock.

il

TxDO RxDO0 TxDO RxDO TxDO RxDO
Master Slave 1 Slave 2
Select code Select code
00000001B 00001010B

As serial channels 0 and 1 operate identically in this mode, the following describes
channel 0 only.
e Setting the master controller

Main routine:

PBCR ¢ - - - - -~ 01 } Select P80 as TxDO pin, and P81 as RxDO pin.

PBFC « X --X--X1

INTESO « 1 100110 1 Enable interrupt INTTXO0 and set interrupt level to 4.
Enable interrupt INTRXO0 and set interrupt level to 5.

SCOMOD « 1 0101110 Set ¢1as transfer clock and set 9-bit UART mode.

SCOBUF « 0 000000 1 Set select code for slave controller 1.

INTTXO interrupt routine:

|:SCOMOD «0------- Set SCOMOD<TB8> to 0.

SCOBUF « * * o 3 ok % ok % Set send data.

Note: X: Don’t care - :No change

e  Setting slave controller 2

Main routine:
P8CR ¢ - - - - - - 01
PBFC ¢ X --X--X1
ODE «XXX-1

Select P80 as TxDO pin (open-drain output), and P81 as RxDO0
pin.

INTESO « 11011110 Enable interrupts INTTX0 and INTRXO0.

COMOD « 00111110 Set 9-bit UART mode using transfer clock ¢1 (2/fc), and enable
wake-up mode (set <WU> to 1).

Note: X: Don't care -:No change

INTRXO interrupt routine:
Compare SCOBUF and select code (00001010B). If these match, clear SCOMOD<WU>
to 0.
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(7) Signal generation timing

[1] In I/O Interface mode

Timing forsend | SCLKO output mode | Immediately after rise of last SCLKO signal (See Figure 3.9.9)

interrupt | diately after rise (risi de) or fall (falli de) of

generation . mmaediately after rise (rising mode) or fall (falling mode) o
SCLKO input mode last SCLKO signal (See Figure 3.9.10)

o SCLKO outout mode Immediately after final SCLKO (When received data are
Timing for P transferred to receive buffer 2 (SCOBUF)) (See Figure 3.9.11)
receive interrupt p ly after final SCLKO (Wh 1d

i . Immediately after final SC en received data are
generation
SCLKQ input mode transferred to receive buffer 2 (SCOBUF)) (See Figure 3.9.12)
[2] In UART mode
Receive

Mode

9-Bit

8-Bit + Parity

8-Bit, 7-Bit + Parity, 7-Bit

Timing for interrupt
generation

Around center of bit 8

Around center of
parity bit

Around center of stop bit

Timing for framing
error generation

Around center of
stop bit

Around center of
stop bit

Around center of stop bit

Timing for parity
error generation

Around center of
parity bit

Timing for overrun

Around center of bit 8

Around center of

Around center of stop bit

error generation parity bit
Send
Mode 9-Bit 8-Bit + Parity 8-Bit, 7-Bit + Parity, 7-Bit
Timing for interrupt Immediately before - -
generation stop bit sent
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3.10 Analog/Digital Converter

The TMP95CS54 incorporates a high-speed, high-precision 10-bit successive approximation-type
analog/digital converter (AD converter) with 8-channel analog input.
Figure 3.10.1 is a block diagram of the AD converter. The 8-channel analog input pins (ANO to
AN7) are shared by input-only port A and can thus be used as an input port.
Note : When the power is reduced by setting IDLE2, IDLE1, or STOP mode, with some timings,
the system may enter standby mode even though the internal comparator is still enabled.
Therefore, be sure to check that AD converter operations are halted before executing a

HALT instruction.

Internal data bus

b

&

AN

AN

AV

AD mode control register 1 AD mode control register 0
ADMOD1 <ADTRGE> ADMODO
<ADCH2:0>  <VREFON> <EOCF> <ADBF> <ITM0 > <REPET > <SCAN> <ADS>
. scan
Q
g repeat
> & interrupt
busy ADTRG
end
start
A
Channel select AD converter control INTAD
Analoginput circuit Interrupt
AN7 (PA7) [ > =
ANG6 (PAG) [ > x
ANS (PAS) [} v AD conversion
AN4 (PA4) D"’ o Sample and + result register
AN3/ADTRG (PA3) [ J>| = hold ADREGO4L to 37L
AN2 (PA2) D _: _ ADREGO4H to 37H
AN1(PA1) [T 2
ANO (PAO) D Comparator
VREFH[_} o DA convert <
vrerL[] > onverter
Figure 3.10.1 AD Converter Block Diagram
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3.10.1 AD Converter Registers

The AD converter is controlled by two AD mode control registers: ADMODO and ADMOD1.
Eight AD conversion data upper and lower registers (ADREGO04H/L, ADREG15H/L,
ADREG26H/L, and ADREG37H/L) store the AD conversion results.

Figures 3.10.2 shows registers related to the AD converter.

AD Mode Control Register 0

7 ¢ 6 i 5 i a4 i 3 P2 i oo
bitSymbol | EOCF i ADBF : - i - i ITMO i REPET : SCAN i ADS
ADMODO y = : : : : : ;
(005EH) |Read/Write R : RIW
After reset o ¢ o { o f{ o i o { o i o i o0
AD conversion; AD conversion; Note: iNote: iInterrupt  iRepeatmode iScanmode :AD
Function [endflag :busy flag : Always i Always ‘specification :specification Ispecification :conversion
0:Conversion ;0 :Conversion ; fixedto0. : fixedto0. iinconversion :0:Single :0 :Conversion istart
inprogress : stopped : : :channel fixed : conversion : channel :0:Don'tcare
1 :Conversion : 1 :Conversion : : ‘repeatmode : mode :  fixed mode:1 :Start
complete | inprogress : :0 :Every i1:Repeat  i1:Conversion: conversion
: : : conversion : conversion : channel :Alwaysread
i1:Every i mode i scanmode iasO.
: fourth : : :
: i conversion :
1

|—> AD conversion start

0 |[Don'tcare

1 | Start AD conversion

Note: Always read as 0.

—> AD scan mode setting
0 | AD conversion channel fixed mode

1 | AD conversion channel scan mode

—> AD repeat mode setting

1 | AD repeat conversion mode

—> Specify AD conversion interrupt for channel
fixed repeat conversion mode

Channel fixed repeat conversion mode
<SCAN> =0, <REPET>=1

1 | Generate interrupt every fourth conversion

AD conversion busy flag

1 | AD conversion in progress

AD conversion end flag

1 | AD conversion complete

Figure 3.10.2 AD Converter Related Register (1/4)
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AD Mode Control Register 1
7 P05 i o4 i3 f o2 i1 i
i I'| VREFON : { ADTRGE | ADCH2 : ADCH1 | ADCHO
ADMOD1 bit Symbol ; : _ :
(005FH) | Read/Write RIW RIW
After reset 1 : 0 H 0 0 0
VREF : iAD { Analog input channel selection
Function |application: :external
control : itrigger ;
0: OFF istart i
1: ON icontrol i
:0: Disable
1: Enable i
1

l

Analog input channel selection
<SCAN> 0 !
Channel Channel
<ADCH2,1,0> ( fixed ) ( scan )
000 ANO ANO
001 AN1 ANO—AN1
010 AN2 ANO—SAN1—-SAN2
011 (Note) AN3 ANO—AN1->AN2—5AN3
100 AN4 AN4
101 AN5 AN4—ANS
110 AN6 AN4—>SAN5—AN6
111 AN7 AN4—-SANS5—-SAN6SAN7

AD conversion start control by external trigger
(ADTRG input)

0 Disable

Control of application of reference voltage to
AD converter

Before starting conversion (before writing 1
to ADMODO<ADS>), set the <VREFON> bit
to 1.

Note: As pin AN3 also functions as the ADTRG input pin, do not set <ADCH2 to 0> =011 when using ADTRG with
<ADTRGE> setto 1.

Figure 3.10.2 AD Converter Related Register (2/4)
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AD Conversion Data Lower Register 0/4
7 6 5 i 4 i 3 i 2 i 1 i 0
ADREGOAL | bit Symbol | ADRO1 ADROO : i ADRORF
(0060H) Read/Write R : R
After reset Undefined : 0
Stores lower 2 bits of éfgwersion
Function | AD conversion result g:‘ga storage
: “1:Conversion
¢ result stored
AD Conversion Data Upper Register 0/4
7 6 i 5 i 4 i 3 i 2 i 0
ADREGO4H | bit Symbol | ADR09 ADRO8 ADRO7 ADR06 ADRO5 ADRO4 i ADRO3 ADRO02
(0061H) Read/Write R
After reset Undefined
Function Stores upper eight bits of AD conversion result.
AD Conversion Data Lower Register 1/5
7 6 { s i 4 i 3 i 2 i 1 i 0
ADREG15L | bitsymbol | ADR11 { ADR10 ' { ADRIRF
(0062H) Read/Write R f R
After reset Undefined : 0
Stores lower 2 bits of E;Dnv ersion
Function | AD conversion result ;qe:sclg:‘:':gio"
i result stored
AD Conversion Data Upper Register 1/5
7 6 5 i 4 i 3 i 2 i 0
ADREG15H] bit Symbol | ADR19 ADR18 ADR17 ADR16 ADR15 ADR14 ADR13 ADR12
(0063H) Read/Write R
Afterreset Undefined
Function Stores upper eight bits of AD conversion result.
9 8 7 6 5 4 3 2 1 0
Channel x
conversion result h — —
ADREGxH * i ADREGxL
7 6 5 4 3 2 10 7 6 5 4 3 2 1.0
Y

® Bits5to1arealwaysreadas1.

* Bit 0is the AD conversion data storage flag <ADRxRF>.
When the AD conversion result is stored, the flag is set to
1. When either of the registers (ADREGxH, ADREGxL) is
read, the flag is cleared to 0.

Figure 3.10.2 AD Converter Related Registers (3/4)
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AD Conversion Result Lower Register 2/6
7 i e i 5 i a4 i 3 i 2 1 i 0
ADREG26L | bitSymbol | ADR21 | ADR20 : : ' i ADR2RF
(0064H) Read/Write R : R
After reset Undefined : : 0
Stores lower 2 bits of g’:\o[:wersion
Function | AD conversion result ﬂ:’;a storage
: :1:Conversion
i result stored
AD Conversion Data Upper Register 2/6
7 i e ios i a4 i3 1 1 i 0
ADREG26H| bitsymbol | ADR29 | ADR28 : ADR27  ADR26 @ ADR25 @ ADR24 : ADR23 i ADR22
(0065H) Read/Write R
After reset Undefined
Function Stores upper eight bits of AD conversion result.
AD Conversion Data Lower Register 3/7
7 ¢ 6 i 5 i a4 i 3 i 2 1 i 0
ADREG37L | bitSymbol | ADR31 i ADR30 ' : ' : ADR3RF
(0066H) Read/Write R : R
After reset Undefined : : 0
Stores lower 2 bits of éﬁ:)aversi on
Function | AD conversion result gﬂ:;a storage
:1:Conversion
: result stored
AD Conversion Result Upper Register 3/7
7 i 6 15 i o4 i3 i 2 10
ADREG37H)| bit symbol | ADR39 ADR38 ADR37 ADR36 ADR35 ADR34 ADR33 ADR32
(0067H) Read/Write R
After reset Undefined
Function Stores upper eight bits of AD conversion result.
9 8 7 6 5 4 3 2 1 0
Channel x
conversion result ; — A
ADREGxH L i ADREGxL
7 6 5 4 3 2 10 7 6 5 4 2 1.0

*® Bits 5 to 1 are always read as 1.

* Bit 0 is the AD conversion data storage flag <ADRxRF >.
When the AD conversion result is stored, the flag is set to
1. When either of the registers (ADREGxH, ADREGxL) is

read, the flag is cleared to 0.

Figure 3.10.2 AD Converter Related Registers (4/4)
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3.10.2 Description of Operation

oy

(2

Analog reference voltage

A high level analog reference voltage is applied to the VREFH pin; a low level analog
reference voltage to the VREFL pin. To perform AD conversion, the reference voltage
(the difference between VREFH and VREFL) is divided by 1024 using string resistance.
Then, the result of the division is compared with the analog input voltage.

To turn off the switch between VREFH and VREFL, write 0 to AD mode control
register 1 ADMOD1<VREFON>. To start AD conversion from the off state, first write 1
to <VREFON>, wait 3 us until the internal reference voltage stabilizes (not related to
the fc), then write 1 to AD mode register ADMODO0<ADS>.

Analog input channel selection

The analog input channel selection varies according to the operating mode of the AD
converter.

¢ In analog input channel fixed mode (ADMODO<SCAN> = 0)

Setting ADMOD1<ADCH2 to 0> selects one channel from among analog input
pins ANO to AN7.

¢ In analog input channel scan mode (ADMODO0<SCAN> = 1)

Setting ADMOD1<ADCH2 to 0> selects one scan mode from among eight scan
modes.

Table 3.10.1 shows the analog input channel selection for each operating mode.

After a reset, ADMODO<SCAN> is set to 0 and ADMOD1<ADCH2 to 0> is initialized
to 000, thus selecting pin ANO as the channel fixed input. Pins not used as analog input
channels can be used as standard input ports.

Table 3.10.1 Analog Input Channel Selection

Channel fixed Channel scan
<SCAN> = "0" <SCAN>= "1"

<ADCH2to 0>

111 AN7 AN4—>AN5—-AN6—AN7
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(3) Starting AD conversion

To start AD conversion, write 1 to AD mode control register 0 ADMODO0<ADS> or AD
mode control register 1 ADMOD1<ADTRGE> and input a falling edge on the ADTRG
pin. When AD conversion starts, the AD conversion busy flag ADMODO<ADBF> is set to
1, indicating AD conversion is in progress.

Writing 1 to <ADS> during AD conversion restarts conversion. At that time, to
determine whether the AD conversion results are preserved, check the conversion data
storage flag ADREGxL<ADRxRF>.

During AD conversion, inputting a falling edge to the ADTRG pin is ignored.

(4) AD conversion modes and AD conversion end interrupt

The four AD conversion modes are:

e Channel fixed single conversion mode

e Channel scan single conversion mode

¢ Channel fixed repeat conversion mode

¢ Channel scan repeat conversion mode

AD mode control register 0 ADMODO<REPET>, <SCAN> selects the AD mode.
Completion of AD conversion triggers the AD conversion end INTAD interrupt request.
Also, ADMODO<EOCF> is set to 1 to indicate that AD conversion is complete.
[1] Channel fixed single conversion mode

Setting ADMODO<REPET>, <SCAN> to 00 sets conversion channel fixed single
conversion mode.

In this mode, one specified channel is converted once only. When the conversion is
complete, the ADMODO<EOCF> flag is set to 1, ADMODO<ADBEF> is cleared to O,
and an INTAD interrupt request is generated.

[2] Channel scan single conversion mode

Setting ADMODO<REPET>, <SCAN> to 01 sets conversion channel scan single
conversion mode.

In this mode, the specified scan channels are converted once only. When scan
conversion is complete, ADMODO<EOCF> is set to 1, ADMODO<ADBF> is cleared
to 0, and an INTAD interrupt request is generated.
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(3]

(4]

Channel fixed repeat conversion mode

Setting ADMODO<REPET>, <SCAN> to 10 sets conversion channel fixed repeat
conversion mode.

In this mode, one specified channel is converted repeatedly. When conversion is
complete, ADMODO<EOCF> is set to 1 and ADMODO<ADBF> is not cleared to 0
but held at 1. The INTAD interrupt request generation timing is selected by
ADMODO<ITMO>.

Setting <ITMO> to 0 generates an interrupt request when every AD conversion is
complete.

Setting <ITMO> to 1 generates an interrupt request when every fourth conversion
is complete.

Channel scan repeat conversion mode

Setting ADMODO<REPET>, <SCAN> to 11 sets conversion channel scan repeat
conversion mode.

In this mode, the specified scan channels are converted repeatedly. When each
scan conversion is complete, ADMODO<EOCF> is set to 1 and an INTAD interrupt
request is generated. ADMODO<ADBF> is not cleared to 0 but held at 1.

To stop conversion in a repeat conversion mode (mode [3] or [4]), write 0 to
ADMODO<REPET>. After the current conversion is complete, the repeat conversion
mode terminates and ADMODO<ADBF> is cleared to O.

Switching to a halt state (IDLE2, IDLE1, or STOP) immediately stops the AD
converter even with AD conversion still in progress. In repeat conversion modes
(modes [3] and [4]), after the halt is released, conversion restarts from the beginning.
In single conversion modes (modes [1] and [2]), conversion does not restart (the
converter remains stopped).

Table 3.10.2 shows the relationship between AD conversion modes and interrupt
requests.

Table 3.10.2 Relationship Between AD Conversion Modes and Interrupt Requests

_ ADMODO
Mode Interrupt request generation
<ITMO> <REPET> <SCAN>
Channel fixed After completion of X 0 0
single conversion mode conversion
Channel scan After completion of X 0 1
single conversion mode scan conversion
Every conversion 0
Channel fixed y 1 0
repeat conversion mode ]
Every fourth conversion 1
Channel scan After completion of X 1 1
repeat conversion mode every scan conversion

X: Don't care
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(5) AD conversion time

84 states (7 us @ fc = 24 MHz) are required for AD conversion of one channel.

(6) Storing and reading AD conversion result

The AD conversion data upper and lower registers (ADREGO04H/L to ADREG37H/L)
store the AD conversion results. (ADREG04H/L to ADREG37H/L are read-only
registers.)

In channel fixed repeat conversion mode, the conversion results are stored
successively in registers ADREG04H/L to ADREG37H/L. In other modes, the ANO and
AN4, AN1 and AN5, AN2 and ANG6, and AN3 and AN7 conversion results are stored in
ADREGO04H/L, ADREG15H/L,, ADREG26H/L, and ADREG37H/L respectively.

Table 3.10.3 shows the correspondence between analog input channels and AD
conversion result registers.

Table 3.10.3 Correspondence Between Analog Input Channels and
AD Conversion Result Registers

AD conversion result register
Analog input : Channel fixed re
peat
channel (port A) Conve{:on mo'dis other conversion mode
an atright (every 4th conversion)
ANO ADREGO4H/L
AN1 ADREG15H/L ADREGO4H/L
AN2 ADREG26H/L
ADREG15H/L
AN3 ADREG37H/L
AN4 ADREGO4H/L ADREG26HIL
ANS5 ADREG15H/L
ANG6 ADREG26H/L ADREG37H/L
AN7 ADREG37H/L

The AD conversion data storage flag <ADRxRF> uses bit 0 of the AD conversion data
lower register. The storage flag indicates whether the AD conversion result register was
read or not. When a conversion result is stored in the AD conversion result register the
flag is set to 1. When either of the AD conversion result registers (ADREGxH or
ADREGxL) is read the flag is cleared to 0.

Reading the AD conversion result also clears the AD conversion end flag
ADMODO<EOCF> to 0.
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Setting example:
[1] Convert the analog input voltage at the AN3 pin and write the result to memory
address 0800H using the AD interrupt (INTAD) processing routine.

Main routine setting:
76543210

INTEOAD « 1100 - - - - Enable INTAD and set level to 4.
ADMOD1 « 1 XXX 0011 Set analog input channel to pin AN3.
ADMODO « X X 000001 Start conversion in channel fixed single conversion mode.

Interrupt routine processing example:

WA « ADREG37 Read value of ADREG37L and ADREG37H to general-
purpose register WA (16 bits).

WA >> 6 Shift contents read in WA six times to right and zero-fill
upper bits.

(0800H) « WA Write contents of WA to memory address 0800H.

[2] This example repeatedly converts the analog input voltages at the three pins ANO to
ANZ2, using channel scan repeat conversion mode.

INTEOAD « 1 000 - - - - Disable INTAD.

ADMOD1 « 1 XXX 0010 Set pins ANO to AN2 as analog input channels.

ADMODO « X X 000111 Start conversion in channel scan repeat conversion mode.
Note: X: Don't care -:No change
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3.11 CAN Controller

(1) Overview
e  Supports CAN version 2.0B
e  Supports standard format and Extended format
e  Supports data frames and remote frames in both formats
e 16 Mailboxes (15 Receive and Transmit + 1 Receive only)
e Baud rate up to 1 Mbps on the CAN bus (at operation frequency 20 to 24 MHz)
e Programmable baud rate with bit time parameter
e  Built-in baud rate prescaler

e 2 selectable mechanisms for internal arbitration of transmit messages
[1] mailbox number
[2] identifier priority

e Time stamp for receive and transmit messages

e  Operation mode

[1] Normal operation mode

[2] Configuration mode

[3] Sleep mode (Wake up on CAN bus activity or CPU access)

[4] Halt mode

[5] Test loopback mode (stand alone operation enabled by self acknowledge)
[6] Test error mode (Write enabled to error counter)

e Message acceptance filter
[1] Programmable global mask for mailboxes 0 to 14
[2] Programmable local mask for mailbox 15

e  Acceptance mask bit for identifier extended bit

e  TFlexible interrupt structure (3 interrupts)
[1] Receive interrupt: INTCR
[2] Transmit interrupt: INTCT
[3] Global interrupt: INTCG (includes warning level, error passive, bus off, etc)

(2) Nomenclature
e R/W Read and write access by the CPU
e R Read access by the CPU
e W Write access by the CPU
e R/S Read access and set (write with 1) by the CPU
e R/C Read access and clear (write with 1) by the CPU

e  The mailbox RAM symbol column of the after Reset “~” following a Reset for the mailbox
RAM indicates that the initial value is indeterminate.

¢  The mailbox RAM bit Symbol “\” for the mailbox RAM denotes blank bits. The values of
these bits are indeterminate when read.

e The control register bit Symbol “\” for the control register denotes reserved bits. They
indicate that value is indeterminate when read.
Always write “0” when write..
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(3) Architecture
INTCR Control Register Transmit buffer
INTCT & :
INTCG Interrupt Logic Data field Identifier
¢ > Transmit multiplexor
RDWR D A ¥
T .
Control <——> CPU- Internal Control Bus ransmit data X
e 3| CAN Protocol Controller
Address Interface RX
l Data Address
Data RDWR D A Internal
i l —> Zriority < Save Data Receive Data
omp.-
register Y w
- Write Temporary receive buffer
i Mailbox Data Out
Mailbox-RAM decoder Data field Identifier
16 x 128-bit )
Mailbox Data In 1
-€ &
Match ID
A | Y
Y Time stamp GAM mask Acceptance
RD WR A counter LAM mask filter
CAN State Machine Write Identifier (Compare) T
Compare
-
register

Figure 3.11.1 Block Diagram of CAN Controller

(4) CAN bus interface

The interface to the CAN bus is a simple two-wire line, consisting of an input pin RX and
an output pin TX. This CAN bus interface is suitable for operation with CAN bus
transceivers based on ISO/DIS 11898.
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3.11.1  Memory Map
The mailboxes and control registers used by the CAN are mapped to the memory locations
shown below.
Table 3.11.1 CAN Mailboxes and Control Registers
Address Register Description
002200H+* MBO Mailbox RAM
002.2FFH* MB‘I 5
002300H MmcC Mailbox Configuration Register
002302H MD Mailbox Direction Register
002304H+ TRS Transmission Request Set Register
002306H=* — (Reserved)
002308H+* TA Transmission Acknowledge Register
00230AH+* — (Reserved)
00230CH=* RMP Receive Message Pending Register
00230EH* RML Receive Message Lost Register
002310H LAMO (high) Local Acceptance Mask Register 0 (bit 28 to 16)
002312H LAM1 (low) Local Acceptance Mask Register 1 (bit 15 to 0)
002314H GAMO (high) | Global Acceptance Mask Register 0 (bit 28 to 16)
002316H GAM1 (low) Global Acceptance Mask Register 1 (bit 15 to 0)
002318H MCR Master Control Register
00231AH GSR Global Status Register
00231CH BCR1 Bit Configuration Register 1
00231EH BCR2 Bit Configuration Register 2
002320H+* GIF Global Interrupt Flag Register
002322H GIM Global Interrupt Mask Register
002324H=* MBTIF Mailbox Transmit Interrupt Flag Register
002326H=* MBRIF Mailbox Receive Interrupt Flag Register
002328H MBIM Mailbox Interrupt Mask Register
00232AH — (Reserved)
00232CH=* RFP Remote Frame Pending Register
00232EH=* CEC CAN Error Counter Register
002330H TSP Time Stamp Counter Prescaler Register
002332H+* TSC Time Stamp Counter Register

Note1: * Read- modify-write prohibited.
Note2: Do not access the reserved address.
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3.11.2

Mailboxes

The mailbox is configured with RAM to store identifiers and transmit/receive data, which
can be accessed by the CAN controller and the CPU. The CPU controls the CAN controller by
modifying the contents of the mailboxes and control registers. The contents of the mailboxes
and control registers are used to perform the functions of acceptance filtering, transmit
message and interrupt handling.

In order to initiate a transfer, the transmission request bit has to be written to the
corresponding register. The entire transmission procedure is done then without any CPU
involvement. If a mailbox has been configured as receive messages the CPU easily reads its
data registers using CPU read instructions. The mailbox may be configured to interrupt the
CPU after every successful message transmission or reception.

The mailbox module provides 16 mailboxes, each of which has 8 bytes long data, 29-bit
identifier and several control bits. Each mailbox is 16 bytes in size. Each mailbox, except the
last one, can be set for either transmit or receive operation.

Mailbox 15 is a receive-only mailbox with a special acceptance mask designed to allow
groups of different message identifiers to be received.

The receive-only mailbox 15 masks all bits when receiving a message whose ID does not
correspond to any of the mailboxes 0 to 14.

In addition, when using mailbox 15 as a usual receiving mailbox, each time a message is
received, the, the ID of all mailboxes is checked by software. If the ID is rewritten to a
different ID from that which was originally received, the received data is invalid. Once
mailbox prohibit (MC=0) is set, after waiting the maximum frame length time, set the correct
ID again.

2200H to 220FH MBO (Used for transmit/ receive)
2210H to 221FH MB1 (Used for transmit/ receive)
22EOH to 22EFH MB 14 (Used for transmit / receive)
22FO0H to 22FFH MB15 (Used for receive-only)

Each mailbox is configured as shown below.

(Mailbox'n’) b15 b0

MBn + 00H MI0 (Message Identifier field 0)
02H MI1 (Message Identifier field 1)
04H MCF (Message Control Field)
06H D1 DO (Data field 1,0)
08H D3 D2 (Data field 3,2)
0AH D5 D4 (Data field 5,4)
0CH D7 D6 (Data field 7,6)
OEH TSV (Time Stamp Value)

Note: MBn=2200H+nX10H

The components of each mailbox are explained in the following pages.
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Message Identifier Field 0 (MIO)
Message Identifier Field 0 Low
7 6 5 : 4 : 3 : 2 : 1 0

MioL  LbitSymbol D23 i D22 D21 i D20 i D19 : ID18 : ID17 ID16

(MBn + 00H) Read/Write . RIW
After reset - : - - - ; - - - -
Read-modify- |
write
instructions
prohibited. Identifiers <ID23> to <ID16> are stored.
Message Identifier Field 0 High
15 i 14 13 8 12 i 01N i 10 i 9 8

MioH | bitSymbol IDE | GAME - i\ D28 ! D27 | D26 i ID25 1D24

(MBn +01H) Read/Write . RNv
After reset - : - - - : - - - _

Read-modify- |
write
instructions
prohibited.

| Identifiers <ID28> to <ID24> are stored. |

This bit is reserved. When write, always write 0.

—> Global (local) acceptance mask enable

1 | Acceptance mask is used for acceptance filtering.

0 [ Acceptance mask is not used for acceptance filtering.

For mailbox 15,

it functions as a local acceptance mask enable bit <LAME>.

Identifier extension bit

0 |Standard format (11-bitidentifier)

1 | Extended format (29-bit identifier)

Identifiers <ID28> to <ID18> are used.

Identifiers <ID28> to <ID0> are used.

The priority of a message ID becomes so high that 0 continues from the MSB (<ID28> bit) of ID.
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Message Identifier Field 1 (MI1)
Message Identifier Field 1 Low
7 6 : 5 é 4 é 3 i 2 1 0

MI1L  LpitSymbol ID7 D6 : IDS : D4 i D3 i ID2 ID1 IDO

(MBn + 02H) Read/Write R/W
After reset - - - - : - - - -
Read-modify- |
write &
instructions
prohibited. Identifiers <ID7> to <ID0> are stored.
Message Identifier Field 1 High
15 14 13§ 12 i1 é 10 9 8

MI1H  |bitSymbol ID15 D14 ¢ D13 ¢ D12 ¢ D11 i ID10 ID9 ID8

(MBn + 03H) Read/Write R/W :
After reset - - - - : - : - — -

Read-modify- |
write ¢
instrL.chtions
prohibited. Identifiers <ID15> to <ID8> are stored.

Note1: For standard format, identifiers <ID17> to <ID0> are indeterminate.

Note2: Set the mailbox ID at initial cconfiguration. Once a mailbox has been enabled, when writing to the MIO
or MI1 field of the mailbox, reset the <MC> bit, and after a mailbox has been prohibited by the CAN

controller, wait the maximum frame length time before executing the operation.
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Message Control Field (MCF)
Message Control Field Low
7 6 5 : 4 : 3 : 2 1 0
i I i RTR : DLC3 i DLC2 DLC1 DLC
MCEL bit Symblo : : 0
(MBn + 04H) Read/Write RIW
After reset - - - - -
Read-modify-
write
instructions
prohibited.
Remote transmit request bit -~
0. |Dataframe e
1 | Remote frame
Data length code
<DLC3:0> Data Bytes Corresponding Mailbox Data
0000 0 byte None
0001 1 bytes DO
0010 2 bytes D1,D0
0011 3 bytes D2,D1, DO
0100 4 bytes D3, D2,D1,D0
0101 5 bytes D4, D3, D2, D1, D0
0110 6 bytes D5, D4, D3, D2, D1, DO
0111 7 bytes D6, D5,D4, D3, D2, D1, D0
1000 8 bytes D7, D6, D5,D4, D3, D2, D1, DO
Note: Do not use data length codes other than those listed above.
Message Control Field High
15 14 13 1 12 i 11 i 10 9 8
MCFH bit Symb.ol : :
(MBn + 05H) Read/Write
After reset
Read-modify-
write
instructions
prohibited.

Note: There is no necessity for an initial configuration of receive mailboxes. RTR and DLC of the received
message are stored in the MCF register. Please set transmit mailboxes at the initial configuration.

Data field (DO to D7)

This is a read/write register that stores up to 8 bytes of transmit/receive data. However, in
the case of receive mailboxes, the write access to the data field is disabled.
For transmit, data in a length of bytes set by the mailbox’s data length code is transmitted.
For receive, the data length code in the received message is copied to the mailbox’s data
length code, so that the byte data in a length equal to this data length code is received as

valid data.
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Data Field 0
7 6 5 i 4 3 2 1 0
DO bit Symbol D07 D06 D05 D04 : D03 D02 DO1 D00
(MBn + 06H) Read/Write ‘ R/W
After reset - - - : - ' - - - -
Read-modify-
write )
instructions Data Field 1
prohibited. .
15 14 13 H 12 11 10 9 8
D1 bit Symbol D17 D16 D15 D14 : D13 D12 D11 D10
(MBn + 07H) Read/Write RNV
After reset - - - - : - - - -
Read-modify-
write .
instructions Data Field 2
prohibited. -
7 6 5 ; 4 3 2 1 0
D2 bit Symbol D27 D26 D25 : D24 : D23 D22 D21 D20
(MBn + 08H) Read/Write . R/W
After reset - - - : - - - - -
Read-modify-
write
instructions Data Field 3
prohibited. -
15 14 13 : 12 1 10 9 8
D3 bit Symbol D37 D36 D35 | D34 ! D33 D32 D31 D30
(MBn + 09H) Read/Write R/W
After reset - - - - : - - - -
Read-modify-
write .
instructions Data Field 4
prohibited. -
7 6 5 : 4 3 2 1 0
D4 bit Symbol D47 D46 D45 D44 : D43 D42 D41 D40
(MBn + 0AH) Read/Write . R/W
After reset - - - : - : - - - -
Read-modify-
write )
instructions Data Field 5
prohibited. -
15 14 13 : 12 11 10 9 8
D5 bit Symbol D57 D56 D55 : D54 : D53 D52 D51 D50
(MBn + 0BH) Read/Write R/W
After reset - - - - - - - -
Read-modify-
write .
instructions Data Field 6
prohibited. -
7 6 5 : 4 3 2 1 0
D6 bit Symbol D67 D66 D65 D64 : D63 D62 D61 D60
(MBn + 0CH) Read/Write : R/W
After reset - - - H - : - - - -
Reatd-modify-
write .
inst':ugjciogs Data Field 7
prohibitec. 15 14 13 : 12 1 10 9 8
D7 bit Symbol D77 D76 D75 D74 : D73 D72 D71 D70
(MBn + 0DH) Read/Write . R/W
After reset - - - : - : - - - -
Read-modify-
write
instructions
prohibited.
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Time Stamp Value (TSV)
Time Stamp Value Low
7 6 5 : 4 : 3 : 2 i 1 : 0
ToyL  |bitSymbol | TSv7 TSV6 TSVS i TSV4 i TSV3 i TSV2 i TSVI i TSVO
(MBn + OEH) Read/Write R
After reset - - - - : - - - -
Time Stamp Value High
15 14 13 12 : 11 : 10 i 9 é 8
bit Symbol |  TSV15 TSV14 TSVI3 © TSVI2 P TSVI1 i TSVI0 i TSV i TSV8
TSVHFH Read/Write R
(MBn + OFH) After reset - - - - : - - - -

This is a 16-bit read-only register into which the value of the time stamp counter is loaded
when data is successfully transmitted or received.

The counter value is not loaded into this register when transmit or receive operations fail.

Maximum frame length

Rewrite messsage ID field after MCn is prohibited and one frame time passes .
General one frame time is as follows:
N means the number of data byte (0-8 byte).
- Standard frame format (at data frame) = (44 + 8N) X 1 bit time
- Extended frame format ( at data frame) = (64 + 8N) X 1 bit time
Furthermore, the maximum frame length to which bit stuffing applies is as follows:
Since the maximum number of bits is eight byte data of the extended frame format,
64-bit (fixed length) + 64-bit (number of data bytes) = 128-bit.
Moreover, the bit stuffing rule is not applied to
EOF + ACK field + CRC delimiter = 10-bit,
Therefore the maximum number of bits to which the bit stuffing rule applies is
128-bit — 10-bit = 118-bit length.
(It is calculated on the assumption of the longest case of insertion of the stuffing bit in
the CRC field.)
At the bit stuffing rule, as a reversing bit is inserted when the same level is 5-bit
successive, the maximum inserted number of bits is
118-bit +— 5 — 24-bit.
Hence, the maximum frame length is
128-bit + 24-bit = 152-bit.
Therefore, when the message ID field is rewritten at a baud-rate of 500kbps, is the
necessary waiting time is:
152-bit X 2 us = 304 ps
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3.11.3 Control Registers

MCL
(2300H)

MCH
(2301H)

(1) Mailbox control registers

Mailbox configuration register (MC)

Mailbox Configuration Register Low

7 i 6 i 5 . i3 i 2 1 ; 0
bitSymbol | MC7 | MC6 : MC5 i MC4 | MC3 { MC2 i MCT { MCO
Read/Write R/W
After reset 0 é 0 : 0 i o0 i 0 : 0 P00 é 0

Mailbox Configuration Register High

15 i 14 13 8 120 b1 10 9 : 8
bitSymbol | MC15 : MC14 : MC13 i MC12 : MC11 i MCI0 i MC9 : MC8
Read/Write R/W
After reset 0 : 0 : 0 é 0 é 0 : 0 B 0 : 0

Each bit corresponds to mailboxes 0 through 15.

Each mailbox can be enabled or disabled.

When <MCn> = 1, access to mailbox “n” is enabled.
When <MCn> = 0, access to mailbox “n” is disabled.

If, during CAN controller transmission, <MCn>=0, access may be permitted depending on
the transmission stage. In this case, there is the possibility of conflict between the mailbox
transmit/receive complete flag and the transmit/receive interrupt flag.

Set the mailbox ID at initial configuration. After disabling a mailbox by resetting the
<MC> bit, wait the maximum frame length time before rewriting to the MIO or MI1 field of
the mailbox which is permitted.

The transmit mailbox data and control fields can be accessed for write at any time.
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Mailbox direction register (MD)
Mailbox Direction Register Low
7 H 6 5 i 4 i 3 2 1 0
bit Symbol MD7 : MD6 MD5 { MD4 : MD3 MD2 MD1 MDO
2“;‘(')32::1 Read/Write R/W
( ) After reset 0 0 0 0 : 0 0 0 0
Mailbox Direction Register High
15 14 13 : 12 : 1" 10 9 8
MDH bitSymbol | MD15 | MD14 MD13 i MD12 : MD11 MD10 MD9 MD8
(2303H) Read/Write R : . . R/W
After reset 1 : 0 0 : 0 i 0 0 0 0

Each bit corresponds to mailboxes 0 through 15.
Each mailbox except mailbox 15 can be directed for transmit or receive.
When <MDn> = 0, the mailbox MBn is directed for transmit.

When <MDn> = 1, the mailbox MBn is directed for receive.

Mailbox 15 is a receive-only buffer, so that <MD15> bit is fixed to 1. This bit can only be

read; you cannot write to it.

MD registers are set at initial configuration. When the setting is changed while

transmitting or receiving, the following operations occur.

(1) When changing to <MDn> = 0 (transmission) while receiving.

Reception of the message currently being received continues, and after the reception is
completed, the <RMPn> bit is set to 1. However, the <MBRIFn>flag is not set even if
<MBIMn> is set to 1 (interrupt enabled), and the receive interrupt is not generated.

(2) When changing to <MDn>=1 (reception) while transmitting.

Transmission of the message currently being transmitted continues, and after the
transmission is completed, the <TAn> bit is set to 1. However, the <MBTIFn> flag is not
set even if <MBIMn> is set to 1 (interrupt enabled), and the transmit interrupt is not

generated.
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(2) Transmit control registers
Transmission request set register (TRS)
Transmission Request Set Register Low
7 6 5 : 4 3 2 1 0

TRSL bit Symbol TRS7 TRS6 TRS5 TRS4 i TRS3 TRS2 TRS1 TRSO
(2304H) Read/Write R/.S

After reset 0 0 0 0 : 0 0 0 0
Read-modify-
write
instructions
prohibited. Transmission Request Set Register High

15 ¢ 14 i 13 i 12 i 11 i 10 i 9 i 8

TRSH bit Symbol © TRS14 i TRS13 ! TRS12 i TRS11 i TRS10 i TRS9 i TRS8
(2305H) Read/Write H R/S

After reset : 0 : 0 é 0 : 0 : 0 : 0 : 0
Read-modify-
write
instructions
prohibited.

Each bit corresponds to mailboxes 0 through 15. Since mailbox 15 is a receive-only
buffer, bit 15 is nonexistent.

If after writing data and identifier to mailbox “n” that has been set for transmit
(<MDn> = 0) the <TRSn> bit is set when the said mailbox is enabled (<MCn> = 1), a
message is transmitted from mailbox “n”. If there are multiple transmit requests,
messages are transmitted sequentially. The order in which messages are transmitted
depends on the master control register MCR bit 3 <MTOS>.

When the <MTOS> bit = 0, messages are transmitted in order of mailbox numbers.
Since the transmit buffers are empty after a reset, presence of transmit requests is
checked beginning with mailbox 0. After that, presence of transmit requests is checked
beginning with the mailbox next to the last mailbox transmitted. However, for transmit
operation after arbitration is lost or an error is detected, transmit requests are checked
over again beginning with the mailbox that has failed. For this reason, if a transmit
request of higher priority occurs in the CAN controller, it is kept waiting until the
system finishes transmitting the failed message.

When the <MTOS> bit = 1, a message is transmitted from the mailbox that has the
highest priority identifier among the mailboxes for which message transmission has
been requested. In case for the transmit operation after arbitration is lost, a message is
transmitted from the mailbox that has the highest priority identifier at that point in
time among those that have been requested to send messages.

In case of the transmit operation after an error is detected, a message is transmitted
again with the mailbox that has failed.

The <TRSn> bit is reset when transmit has succeeded.

If transmit has failed, transmit is retried repeatedly until it succeeds.

When the <TRSn> bit is 1, the write access to the corresponding mailbox is denied.

The <TRSn> bit cannot be set from the CPU if mailbox “n” is set for receive.

When mailbox “n” is set for transmit, the <TRSn> bit is set by writing a 1 from the
CPU and is reset by the internal logic. Writing a 0 from the CPU has no effect.
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Transmission acknowledge register (TA)

Transmission Acknowledge Register Low

7 i 6 : 5 é 4 i 3 § 2 : 1 : 0
bit Symbol TA7 i TA6 i TA5 i TA4 i TA3 : TA2 I TA1 i TAO
2TA|;! Read/Write R/C
(2308H)  I'\fterreset| o0 . o0 1 0 . 0 . 0 i 0 i 0 i 0
Read-modify-
write
g:_sgrr#glt{ggs Transmission Acknowledge Register High
15 i 14 13 ¢ 12 1 { 10 i 9 : 8
TAH bit Symbol POTA14 P TA13 1 TA12 ! TA11 i TA1I0 i TA9 | TA8
(2309H) Read/Write . . . R/C : . .
After reset : 0 : 0 : 0 : 0 : 0 : 0 : 0
Read-modify-
write |
instructions
prohibited.

Each bit corresponds to mailboxes 0 through 15. Since mailbox 15 is a receive-only
buffer, bit 15 is nonexistent.

The <TAn> bit is set when the message of mailbox “n” has been transmitted
successfully. In this case, a transmit successful interrupt is generated if it has been
enabled.

The <TAn> bit is reset by writing a 1 to the <TAn> bit or <TRSn> bit from the CPU.
Writing a 0 from the CPU has no effect.
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(3) Receive control registers

The identifier of each incoming message is compared with the identifiers held in the
mailboxes that have been set for receive operation. The comparison of the identifiers
depends on the value of the global/local acceptance mask enable bits <GAME>/<LAME>
in the mailbox and the data held in the global/local acceptance mask registers
GAM/LAM.

When a matching identifier is detected, the received identifier, control bits, and data
bytes are written to the mailbox that has matched. At this time, the corresponding
receive message pending bit <RMPn> is set and a receive successful interrupt is
generated if it has been enabled. Once a matching identifier is found, no other identifiers
are compared.

If no match is detected, the message is rejected.

The <RMPn> bit must be reset by the CPU after reading the data. If a second message
is received for this mailbox when the <RMPn> bit has already been set, the
corresponding receive message lost bit <RMLn> is set. In this case, the data stored in
mailbox “n” is overwritten with the new data. In this case a global interrupt (receive
message lost) is generated if it has been enabled.

Receive-only mailbox

Only if the identifier of a received message does not match any identifiers of the
mailboxes 0 through 14 is the identifier compared with the identifier of the receive-only
mailbox 15. When a matching identifier is detected, the contents of the received message
are written to the mailbox 15.

Receive message pending register (RMP)

Receive Message Pending Register Low

7 é 6 5 : 4 3 : 2 : 1 0
RMPL bitSymbol | RMP7 | RMP6 i RMP5 : RMP4 : RMP3 i RMP2 i RMP1 : RMPO
(230CH) Read/Write R/C
After reset 0 ! 0 0 0 0 : 0 { 0 : 0
Read-modify-
write |
instructions
prohibited. Receive Message Pending Register High
15 : 14 13 12 11 : 10 9 i 8
RMPH bitSymbol | RMP15 i RMP14 : RMP13 i RMP12 : RMP11 : RMP10 : RMP9 : RMP8
(230DH) Read/Write R/C
After reset 0 : 0 : 0 : 0 : 0 5 0 : 0 : 0
Read-modify-
write
instructions
prohibited.

Each bit corresponds to mailboxes 0 through 15.

When a message is received and its content is stored in mailbox “n”, the <RMPn> bit is
set.

If a second message is received by mailbox “n” for which the <RMPn> bit has been set,
mailbox “n” is overwritten with the new data. In this case, the corresponding <RMLn>
bit is set.

The <RMPn> bit is set by the internal logic and is reset by writing a 1 to the <RMPn>
bit from the CPU. Writing a 0 from the CPU has no effect.
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Receive message lost register (RML)

Receive Message Lost Register Low

7 : 6 : 5 : 4 i 3 : 2 : 1 : 0
RMLL bitSymbol [ RML7 i RML6 : RML5 : RML4 : RML3 : RML2 : RML1 : RMLO
(230EH) Read/Write . : ' R/FZ . ' .
After reset 0 : 0 : 0 : 0 : 0 : 0 : 0 i 0
Read-modify-
write
instructions
prohibited. Receive Message Lost Register High
15 14 13 i 12 111 : 10 ¢ 9 é 8
RMLH bitSymbol | RML15 | RML14 : RML13 i RML12 i RML11 : RML1I0 i RML9 : RML8
(230FH) Read/Write RIC
After reset 0 : 0 : 0 : 0 : 0 : 0 : 0 : 0
Read-modify-
write
instructions
prohibited.

Each bit corresponds to mailboxes 0 through 15.

If a second message is received by mailbox “n” for which the <RMPn> bit has been set,
mailbox “n” is overwritten with the new data and the <RMLn> bit is set.

The <RMLn> bit is set by the internal logic and is reset by writing a 1 to the <RMPn>
bit from the CPU. Writing a 0 has no effect. Writing a 0 to <RMPn> bit and writing a 1 or
0 to <RMLn> bit from the CPU have no effect.
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(4) Handling of remote frames

If a remote frame is received, it is compared with the identifiers of all mailboxes. The

comparison of identifiers depends on the value of the global/local acceptance mask
enable bits <GAME>/<LAME> in the mailbox and the data held in the global/local
acceptance mask registers GAM/LAM.
If there is a matching identifier and this mailbox is set for receive, the remote frame is
processed as data frame, in which case the <RMP> and <RFP> bits are set.
Once a matching identifier is found, no other identifiers are compared.

Remote frame pending register (RFP)

Remote Frame Pending Register Low

7 6 i 5 4 é 3 2 1 0
RFPL bit Symbol RFP7 RFP6 i  RFP5 RFP4 | RFP3 | RFP2 i RFP1 RFPO
(232CH) Read/Write R/F
After reset 0 0 0 0 : 0 0 0 0
Read-modify-
write
instructions
prohibited. Remote Frame Pending Register High
15 14 : 13 : 12 : 1 10 9 8
RFPH bit Symbol | RFP15 RFP14 RFP13 RFP12 : RFP11 RFP10 RFP9 RFP8
(232DH) Read/Write R/C
After reset 0 0 0 0 : 0 0 0 0

Read-modify-
write |
instructions
prohibited.

When a remote frame is received by mailbox “n” directed for receive, the corresponding
<RFPn> and <RMPn> bits are set.
The <RFPn> bit is reset by writing a 1 to the <RMPn> bit. Wiring a 0 has no effect.
Also, the <RFPn> bit is reset automatically when the remote frame received in mailbox

[l

n

is overwritten by a newly received data frame.
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(5) Acceptance filter

The global acceptance mask registers GAMO, GAM1 are used for filtering messages
when the <GAME> bit for mailboxes 0 through 14 is set (= 1). An incoming message is
stored in the first mailbox with a matching identifier. Only if there is no matching
identifier in the mailboxes 0 to 14 is the incoming message compared with the mailbox
15, a receive-only mailbox. The local acceptance mask registers LAMO, LAM1 are used
for filtering messages when the <LAME> bit for mailbox 15 is set.

Mailbox identifier Acceptance mask register

= IS

:)DC D Receive
\\\
\\\\\

request

+_

> 1>

Received message identifier

Figure 3.11.2 Acceptance Filter
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Local acceptance mask registers (LAMO, LAM1)
Local Acceptance Mask Register 0 Low
7 i 6 : 5 é 4 : 3 : 2 : 1 i 0
LAMOL bitSymbol | LAM23 | LAM22 : LAM21 i LAM20 : LAM19 : LAMI18 i LAMI17 : LAMI6
(2310H) Read/Write . . . RNV . . .
After reset 0 : 0 : 0 : 0 : 0 : 0 : 0 : 0
Local Acceptance Mask Register 0 High
15 1 14 13 i 12 11 § 10 i 9 8
LAMOH | bitsymbol [ LAMI i LAM28 | LAM27 : LAM26 : LAM25 : LAM24
(2311H) Read/Write RW : : RIW
After reset 0 : § : 0 : 0 : 0 : 0 0
Local Acceptance Mask Register 1 Low
7 § 6 é 5 : 4 é 3 : 2 : 1 : 0
LAMIL bitSymbol | LAM7 { LAM6 : LAM5 i LAM4 : LAM3 : LAM2 : LAM1 : LAMO
(2312H) Read/Write . . ' R/W ‘ . .
After reset 0 : 0 : 0 : 0 : 0 : 0 : 0 : 0
Local Acceptance Mask Register 1 High
15 & 14 i 13 i 12 i 11 P10 i 9 8
LAM1H |bitsymbol | LAMI5 | LAM14 | LAM13 | LAM12 | LAMI1 | LAMI0O : LAMI : LAMS
(2313H) Read/Write RIW
After reset 0 : 0 0 : 0 : 0 : 0 : 0 0

The LAMO and LAM1 registers are used only for filtering messages for mailbox 15.
This feature allows the user to choose whether or not to locally mask any identifier bit of
the incoming message for mailbox 15. Incoming messages are first checked to see if they
match mailboxes 0 to 14 before being forwarded to mailbox 15.

If the <LAMn> bit is 0, messages are received only when the corresponding bit of the
incoming message identifier matches that of the mailbox identifier. If the <LAMn> bit is
1, messages are received regardless of whether the corresponding bit of the incoming
message identifier is 0 or 1. The GAMO and GAM1 registers do not affect mailbox 15.

For messages in extended format, the identifier extension <IDE> bit and the whole 29
bits of the identifier are compared. For messages in standard format, only the <IDE> bit
and the first 11 bits of the identifier (<ID28> to <ID18>) are compared.

The <LAMI> bit (local acceptance mask identifier extension bit) is used to mask the
<IDE> bit of mailbox 15.

If the <LAMI> bit is 0, messages in extended or standard format are received
according to the <IDE> bit of mailbox 15.

If the <LAMI> bit is 1, messages in both extended and standard formats are received
regardless of whether the <IDE> bit of mailbox 15 is O or 1. For messages in extended
format, the whole 29 bits of the mailbox identifier and the whole 29 mask bits of the
LAM register are used for filtering. For messages in standard format, only the first 11
bits of the mailbox identifier (<ID28> to <ID18>) and the first 11 bits of the LAM register
(<LAM28> to <LAM18>) are used for filtering.

LAMO and LAM1 are set at initial configuration. Do not change the setting of these
registers while operating. If the setting is changed while receiving, the received message
IDs are compared with the value changed register values.
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Global acceptance mask registers (GAMO, GAM1)
Global Acceptance Mask Register 0 Low
7 : 6 i 5 : 4 : 3 é 2 i 1 é 0
GAMOL | bitsymbol | GAM23 ! GAM22 | GAM21 i GAM20 : GAMI19 : GAM18 : GAM17 : GAMI6
(2314H) Read/Write . ' . RNV . . .
After reset 0 : 0 ; 0 : 0 : 0 : 0 : 0 : 0
Global Acceptance Mask Register 0 High
15 i 14 13 12 i 1N ! 10 9 é 8
GAMOH | bitSymbol |  GAamI ! GAM28 : GAM27 : GAM26 : GAM25 : GAM24
(2315H) Read/Write RW : : RAW
After reset 0 : 5 : 0 : 0 : 0 : 0 : 0
Global Acceptance Mask Register 1 Low
7 é 6 é 5 : 4 : 3 § 2 : 1 : 0
GAMI1L LpitSymbol | GAM7 ! GAM6 : GAM5 : GAM4 : GAM3 : GAM2 : GAM1 : GAMO
(2316H) Read/Write . . . R/W . ‘ .
After reset 0 : 0 : 0 : 0 : 0 : 0 : 0 : 0
Global Acceptance Mask Register 1 High
15 F 14 i 13 f 12 F 1 é 10 9 : 8
GAM1H |bitsymbol | GAM15 | GAM14 i GAM13 | GAM12 | GAMI1 : GAMI0O : GAM9 : GAMS
(2317H) | Read/Write RIW
After reset 0 : 0 : 0 : 0 : 0 : 0 : 0 : 0

The GAMO and GAM1 registers are used for filtering messages for mailboxes 0 to 14.

If the <GAME> bit for mailboxes 0 to 14 is set, the GAMO and GAM1 registers are
used for incoming messages. A received message 1s stored in only the first mailbox with a
matching identifier.

If the <GAMn> bit is 0, messages are received only when the corresponding bit of the
incoming message identifier matches that of the mailbox identifier. If the <GAMn> bit is
1, messages are received regardless of whether the corresponding bit of the incoming
message identifier is O or 1.

For messages in extended format, the identifier extension <IDE> bit and the whole 29
bits of the identifier are compared. For messages in standard format, only the <IDE> bit
and the first 11 bits of the identifier (<ID28> to <ID18>) are compared.

The <GAMI> bit (global acceptance mask identifier extension bit) is used to mask the
<IDE> bits of mailboxes 0 to 14.

If the <GAMI> bit is 0, messages in extended or standard format are received
according to the <IDE> bits of mailboxes 0 to 14.

If the <GAMI> bit is 1, messages in both extended and standard formats are received
regardless of whether the <IDE> bits of mailboxes 0 to 14 are 0 or 1. For messages in
extended format, the whole 29 bits of the mailbox identifier and the whole 29 mask bits
of the GAM register are used for filtering. For messages in standard format, only the
first 11 bits of the mailbox identifier (<ID28> to <ID18>) and the first 11 bits of the GAM
register (<GAM28> to <GAM18>) are used for filtering.

GAMO and GAM1 are set at initial configuration. Do not change the setting of these
registers while operating. If the setting is changed while receiving, the received message
IDs are compared with the changed register values.
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(6) Control registers
Master control register (MCR)
Master Control Register Low
7 , 6 5 4 : 3 2 1 0
MCRL bit Symbol CCR  : SMR HMR | WUBA | MTOS TSCC |  SRES
(2318H) Read/Write RIW W
After reset 1 : 0 0 : 0 0 0 0
Master Control Register High
15 14 13 i 12+ 11 10 9 § 8
MCRH bit Symbol ‘ : TSTLB | TSTERR
(2319H) Read/Write RIW
After reset 0 : 0

TSTLB: Test Loopback

0: Cancels the test loopback mode. (Normal operation)
1: Requests the test loopback mode.

This mode supports stand alone operation.

TSTERR: Test Error

0: Cancels the test error mode. (Normal operation)
1:  Requests the test error mode.
In this mode it is possible to write the error counter register CEC.

CCR: Change Configuration Request

0:
1:

Cancels the configuration mode. (Normal operation)

Requests the configuration mode.
This mode allows for writing to the bit configuration registers BCR1, BCR2.

SMR: Sleep Mode Request

0:
1:

The sleep mode is not requested. (Normal operation)

Requests the sleep mode.

When this mode is entered, the CAN controller clock stops oscillating and
the error counter and transmit requests are cleared.

HMR: Halt Mode Request

0:
1:

Cancels the halt mode. (Normal operation. )

Requests the halt mode.

When this mode is entered, the CAN controller does no longer transmits and
receives messages. It only sends error and acknowledge flags.

WUBA: Wake Up on Bus Activity

0:
1:

Wakes up the module only by detecting a write access to the MCR register.
Wakes up the module when active bus state is detected or detecting a write
access to the MCR register.

MTOS: Mailbox Transmission Order Select

0:
1:

Transmits messages in order of mailbox numbers.
Transmits messages sequentially beginning with the mailbox message
identifier that has priority over others.
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TSCC: Time Stamp Counter Clear

Notel:
Note2:

0:  No effect.
1: Clears the time stamp counter.
This is a write-only bit; it is always 0 when read.

writing a 0 to TSC register.

SRES: Software Reset

Note:

0:  No effect.

The time stamp counter is also cleared by a write to the TSP register, or

1: Resets the CAN controller in software. All internal registers are initialized.

This is a write-only bit; it is always 0 when read.

Bit configuration register 1 (BCR1)

Bit Configuration Register 1 Low

7 : 6 ; 5 P4 : 3 i 2 1 0
bitSymbol | BRP7 i BRP6 : BRP5 : BRP4 : BRP3 i BRP2 BRP1 : BRPO
Bz§1RC1HL Read/Write R/IW
( ) After reset 0 0 : 0 : 0 : 0 i 0 0 0
<BRP 7:0> is the baud rate prescaler value. It can be set in the range of 0 to 255.
Bit Configuration Register 1 High
15 14 P 13 f 12 P 1 P10 9 8
BCR1H bit Symbol : : : : :
(231DH) Read/Write
After reset
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Bit configuration register 2 (BCR2)
Bit Configuration Register 2 Low
7 6 5 : 4 3 2 1 0
BCROL bit Symbol SAM TSEG22 : TSEG21 : TSEG20 : TSEG13 : TSEG12 TSEG11 : TSEG10
(231EH) Read/Write . . RNV
After reset 0 : 0 0 : 0 : 0 0 0 0
I I ¢ I |
Setting of TSEG2 Setting of TSEG1
<TSEG22:20> Unit Time of TSCL <TSEG13:10> Unit Time of TSCL
000 not available 0000 1xTSCL
001 2xTSCL 0001 2xTSCL
010 3x TSCL 0010 3xTSCL
011 4xTSCL 0011 4xTSCL
100 5x TSCL 0100 5x TSCL
101 6xTSCL 0101 6xTSCL
110 7 x TSCL 0110 7xTSCL
111 8 x TSCL 0111 8x TSCL
1000 9xTSCL
1001 10 x TSCL
Setting of SAM 1010 11 x TSCL
<SAM> Sampling Time 1011 12 % TSCL
0 1 1100 13 x TSCL
1 3 1101 14 x TSCL
1110 15x TSCL
1111 16 x TSCL
Bit Configuration Register 2 High
15 14 13 ; 12 11 10 9 : 8
BCR2H  |bitSymbol 5 SIWT i SJWO
(231FH) Read/Write R/W
After reset 0 H 0
|
Setting of SIW i
<SJW1:0> Adjust Time
00 1xTSCL
01 2xTSCL
10 3xTSCL
1 4xTSCL
95CS54-190 2005-05-10



TOSHIBA

TMP95CS54

The bit length is determined by parameters TSEG1, TSEG2, and BRP. All CAN
controllers on the CAN bus must operate at the same baud rate. If individual CAN
controllers operate with different frequencies, adjust the baud rate of each using the said
parameters. The required bit timing is materialized by converting the parameters in a
bit timing circuit. The configuration registers BCR1 and BCR2 contain the data
regarding bit timing.

1BIT Time

SYNCSEG

Sample Point

Figure 3.11.3 Bit Timing

TSCL is calculated by the equation below:
TSCL = (<BRP7:0> + 1) /fsys fsys: external clock divided by 2

The length of one bit is determined by the equation below:
1 Bit Time = SYNCSEG + TSEG1 + TSEG2

The length of the synchronizing segment SYNCSEG is always 1 X TSCL. TSEG1 sets
up value the same or more than TSEG2.

The baud rate is calculated by the equation below:

Baud rate = fsys + [ (<BRP7:0> + 1) X ((<TSEG13:10> + 1) + (<TSEG22:20> + 1) +
D]

IPT (information processing time) defines the time required for bit read processing.
IPT is equal to 4 fsys clock cycles. TSEG2 sets up value the same or more than IPT.

SJW indicates how much bit length can be extended or shortened in units of TSCL
time for adjustment when resynchronizing. Bit timing is always synchronized at the
falling edge of the bus signal. SJW sets up value smaller than TSEG2.

If the <SAM> bit is set, multiple sampling on the bus is enabled corresponding to the
bit timing. The level is determined by majority decision of the last three values sampled.
A set up of the <SAM> bit is effective when <BRP7:0> is larger than 0.

There is a restriction as follows:

<BRP7:0> TSCL length IPT length TSEG2 minimum length
(CAN clock cycles: fsys) (CAN clock sycles: fsys) (TSCL)
0 1 4 4
2 4 2
>1 <BPR7:0>+1 4 2
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Example for setting baudrate

External clock = 24MHz
Internal system clock fsys=12MHz

CAN input clock = fsys
1TSCL=(<BRP7:0>+1)+fsys

(1)1Mbps
<BRP7:0> TSCL <TSEG13:10> <TSEG22:20> Sample Point(%)
00h 12 0110b ( 7TSCL) 011b (4TSCL) 66.7
0101b (6TSCL) 100b (5TSCL) 58.3
01h 6 0010b ( 3TSCL) 001b (2TSCL) 66.7
(2) 500kbps
<BRP7:0> TSCL <TSEG13:10> <TSEG22:20> Sample Point(%)
00h 24 1111b (16TSCL) 110b (7TSCL) 70.8
1110b (15TSCL) 111b (8TSCL) 66.7
01h 12 1000b ( 9TSCL) 001b (2TSCL) 83.3
0111b ( 8TSCL) 010b (3TSCL) 75.0
0110b ( 7TSCL) 011b (4TSCL) 66.7
0101b ( 6TSCL) 100b (5TSCL) 58.3
02h 8 0100b ( 5TSCL) 001b (2TSCL) 75.0
0011b ( 4TSCL) 010b (3TSCL) 62.5
03h 6 0010b ( 3TSCL) 001b (2TSCL) 66.7
(3)250kbps
<BRP7:0> TSCL <TSEG13:10> <TSEG22:20> Sample Point(%)
01h 24 1111b (16TSCL) 110b (7TSCL) 70.8
1110b (15TSCL) 111b (8TSCL) 66.7
02h 16 1100b (13TSCL) 001b (2TSCL) 87.5
1011b (12TSCL) 010b (3TSCL) 81.3
1010b (11TSCL) 011b (4TSCL) 75.0
1001b (10TSCL) 100b (5TSCL) 68.8
1000b ( 9TSCL) 101b (6TSCL) 62.5
0111b ( 8TSCL) 110b (7TSCL) 56.3
03h 12 1000b (9TSCL) 001b (2TSCL) 83.3
0111b (8TSCL) 010b (3TSCL) 75.0
0110b ( 7TSCL) 011b (4TSCL) 66.7
0101b (6TSCL) 100b (5TSCL) 58.3
05h 8 0100b ( 5TSCL) 001b (2TSCL) 75.0
0011b ( 4TSCL) 010b (3TSCL) 62.5
07h 6 0010b ( 3TSCL) 001b (2TSCL) 66.7
(4)125kbps
<BRP7:0> TSCL <TSEG13:10> <TSEG22:20> Sample Point(%)
03h 24 1111b (16 TSCL) 110b (7TSCL) 70.8
1110b (15TSCL) 111b (8TSCL) 66.7
05h 16 1100b (13TSCL) 001b (2TSCL) 87.5
1011b (12TSCL) 010b (3TSCL) 81.3
1010b (11TSCL) 011b (4TSCL) 75.0
1001b (10TSCL) 100b (5TSCL) 68.8
1000b ( 9TSCL) 101b (6TSCL) 62.5
0111b ( 8TSCL) 110b (7TSCL) 56.3
07h 12 1000b ( 9TSCL) 101b (2TSCL) 83.3
0111b ( 8TSCL) 010b (3TSCL) 75.0
0110b ( 7TSCL) 011b (4TSCL) 66.7
0101b (6TSCL) 100b (5TSCL) 58.3
0Bh 8 0100b ( 5TSCL) 001b (2TSCL) 75.0
0011b ( 4TSCL) 010b (3TSCL) 62.5
OFh 6 0010b ( 3TSCL) 001b (2TSCL) 66.7
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Example: Setting 1 Mbps (bit length = 1 ps)
In cases when the clock frequency @ fsys =12 MHz
the baud rate prescaler ¢ <BRP7:0>=00H
the length of one bit required for data transmission must be programmed in 12 X
TSCL. An example of parameter setting is shown below.
<TSEG13:10> = 0101B (6 x TSCL), <T'SEG22:20> = 100B (5 x TSCL)
Since in this setting multiple sampling on the bus cannot be used, the <SAM> bit need
to be set to 0.
Note: The synchronization of SOF (start of frame) bit is possible on the inter frame
space but on the ITM (intermission).
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Time stamp feature

To get information about the time at which messages sent or received, a 16-bit
free-running time stamp counter TSC is implemented in the CAN controller. When a
receive message has been stored or the system has finished sending a message, the
content of this counter is written to the time stamp value TSV of the corresponding
mailbox.

The TSC counter is clocked by the CAN bus line bit clock that is supplied via a
prescaler. When operating in configuration or sleep mode, the counter remains idle.
After a reset, the counter is cleared by writing to the time stamp counter prescaler TSP.
The counter can be accessed for read or write from the CPU, even during configuration
mode.

Time stamp counter register (TSC)

Time Stamp Counter Register Low

7 i 6 : 5 : 4 i 3 § 2 i 1 é 0
TsclL bit Symbol TSC7 i TSC6 i TSC5 i TSC4 i TSC3 i TSC2 i TSC1 i  TSCO
(2332H) Read/Write . ' . R/W . . .
After reset 0 : 0 : 0 : 0 : 0 : 0 : 0 : 0
Read-modify-
write |
instructions
prohibited. Time Stamp Counter Register High
15 i 14 13 F 12 i 11 é 10 9 : 8
TSCH bitSymbol | TSC15 | T$C14 1 TSC13 | TSC12 [ TSC11 i TSC10 i TSC9 i  TSC8
(2333H)  |Read/Write RIW
After reset 0 : 0 : 0 : 0 : 0 : 0 : 0 : 0
Read-modify-
write
instructions
prohibited.

Overflow of the counter can be detected by the global status register GSR’s <TSO> flag
and the global interrupt flag register GIF’s <T'SOIF> flag. Both flags are reset by writing
a 1 to the GIF register’s <TSOIF> flag.

A 4-bit prescaler is provided for the counter. It is the time stamp counter prescaler
register TSP that stores the value to be reloaded into this prescaler. After a reset, the
TSP register is set to 0, so a value 0 is loaded into the prescaler. The TSC counter’s
count-up period, TTSC, is shown below.

TTSC = TBIT x (<TSP3:0> + 1)
TBIT denotes a bit period.

<TSP3:0> TTSC
0000 1xTBIT
0001 2xTBIT
0010 3xTBIT
1110 15x TBIT
1111 16 X TBIT
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Time stamp counter prescaler register (TSP)
Time Stamp Counter Prescaler Register Low
7 : 6 : 5 i 4 : 3 : 2 : 1 0
. . H H . . H T
TSPL bit Symb.ol TSP3 TSP2 SP1 TSPO
(2330H) Read/Write R/W .
After reset 0 0 : 0 : 0
Time Stamp Counter Prescaler Register High
15 14 i 13 P 12 i 1 P10 9 8
TSPH bit Symbol : : :
(2331H) Read/Write
After reset

To ensure that the value of the time stamp counter will not change during a write cycle
to the mailbox, there is a hold register is implemented. When a message has been

successfully transmitted or received, the counter value is copied to this register, from
which it is written to the mailbox. The message is valid for the receiver if there is no
error in it until the last but one bit of end of frame. The transmission is successful for the

transmitter if there is no error until the last bit of end of frame. (Refer to the CAN

version 2.0B)

Read/Write
CPU

Time Stamp Counter Prescaler Register
TSP<TSP3:0>

CAN bus bit clock —————————————>

Re-Load value

Prescaler
(4 bits)

Count-up clock

(

Read/Write
CPU

Time Stamp Counter Register
TSC<TSC15:0>

lear

Clear
-«

Transmission successful Load
Reception successful

J

Time Stamp Counter Hold Register
(16 bits)

U

Mailbox RAM

Figure 3.11.4 Time Stamp Counter

Clear
-«

Hardware reset
Software reset

Hardware reset

Software reset

Entering sleep mode
Entering configuration mode
Write to TSP reaister
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(7) Status registers
Global status register (GSR)
Global Status Register Low
7 : 6 : 5 ; 4 : 3 2 1 0
GSRL bit Symbol CCE | SMA : HMA {150 BO EP EW
(231AH) Read/Write R : :
After reset 1 0 0 0 0 0 0
Global Status Register High
15 i 14 i 13 8 12 F 1 10 9 8
GSRH bit Symbol MsglnSlot <3:0> . RM ™
(231BH) Read/Write R
After reset 1 1 1 : 1 0 0

MsgInSlot: Message In Slot

Indicates a message in the transmit buffer.
0000: Message in mailbox 0
0001: Message in mailbox 1

1110: Message in mailbox 14

1111: There is no message in the transmit buffer.

RM: Receive Mode

0: The CAN controller is not receiving a message.

1: The CAN controller is receiving a message.

TM: Transmit Mode

0: The CAN controller is not transmitting a message.
1: The CAN controller is transmitting a message.

CCE: Change Configuration Enable
0: The CAN controller is not in the configuration mode. (Normal operation)
1: The CAN controller is in the configuration mode.

SMA: Sleep Mode Acknowledge
0: The CAN controller is not in the sleep mode. (Normal operation)

1: The CAN controller is in the sleep mode.

HMA: Halt Mode Acknowledge
0: The CAN controller is not in the halt mode. (Normal operation)

1: The CAN controller is in the halt mode.

TSO: Time Stamp Overflow Flag

0: There is no overflow in the time stamp counter.

1: The time stamp counter has overflowed at least once after this bit was

cleared.

To clear this bit, clear the <TSOIF> bit of the GIF register.
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BO: Bus-Off Status

0: The CAN controller is in the bus-on status. (Normal operation)

1: The CAN controller is in the bus-off status.
The CAN bus is placed in the off state if an error on