TOSHIBA TMP94C251

CMOS 32-bit Micro-controller
TMP94C251F

1. OUTLINE AND DEVICE CHARACTERISTICS

TMP94C251 is high-speed advanced 32-bit micro-controller developed for controlling equipment
which processes mass data.

TMP94C251 is a micro-controller which has a high-performance CPU (900/H2 CPU) and various
built-in I/Os. And TMP94C251 is enhanced memory interface functions. TMP94C251 is housed in an
144-pin mini flat package.

Device characteristics are as follows :

(1) CPU:32-bit CPU (900/H2 CPU)
Compatible with TLCS-900, 900/L, 900/H’s instruction code
Minimum instruction execution time : 50 ns (at 20 MHz)
Internal data bus : 32-bit
External data bus: 8/16-bit

(2) Internal memory
Internal RAM : 2K-byte (can use for code section)
Internal ROM : None

(8) Address space
16M-byte linear address space (memory mapped I/O)

(4) Micro DMA : 8 channels
Execution time : 250ns/4bytes (at 20 MHz, best case)
Terminal count output (4 channels)

(5) Chipselect output: 6 channels

(6) DRAM Controller: 2 channels
Direct interface
Supported fast page mode
Supported 8-, 16-bit external data buses

(7) Timer/Counter
8-bit timer : 4 channels

16-bit timer : 4 channels

980901EBP1

@ 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.

@ TOSHIBA is continually working to improve the quality and the 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 observe standards of safety, and to avoid
situations in which a malfunction or failure of a TOSHIBA product 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 products specifications. Also, please keep in mind the precautions
and conditions set forth in the TOSHIBA Semiconductor Reliability Handbook.

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

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

@ The information contained herein is subject to change without notice.
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(8) Serialinterface: 2 channels
(9) 10-bit A/D converter : 8 channels (with sample hold circuit)
(10)  8-bit D/A converter : 2 channels (with CMOS-AMP)
(11) Interrupt controller
18 internal interrupts
10 external interrupts
(12) Watch dog timer
(13) T/O port: 64 pins
(14) Package: 144-pin QFP
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Figure 1 TMP94C251 Block Diagram
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2. PIN ASSIGNMENT AND FUNCTIONS

2.1 Pin Assignment (top view)
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Figure 2.1 Pin Assignment
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2.2 Pin Names and Functions

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

Pin name '}'#"F;ﬁ,esr /0 Functions
P00 to P07 8 I/0  |Port0:1/0 port
DO to D7 (TTL) Vo] Data : 0 to 7 for data bus
TMP94C251 is external ROM type, these pins are initialized tothis function.
When TMP94C251 doesn’t access external memories, these pins are put in
the high-impedance state.
P10 to P17 8 110 Port 1:1/0 port
D8to D15 (TTL) I/0 Data : 8 to 15 for data bus
If TMP94C251 is external ROM type and is start with 16-bit data bus, these
pins are initialized tothis function.
When TMP94C251 doesn’t access external memories, these pins are put in
the high-impedance state.
P40 to P47 8 110 Port4:1/0 port
AOto A7 Output [ Address : 0 to 7 for address bus
TMP94C251 is external ROM type, these pins are initialized to this function.
When TMP94C251 doesn’t access external memories, these pins don't change.
P50 to P57 8 I/0  |Port5:1/0 port
A8to A15 Output | Address : 8 to 15 for address bus
TMP94C251 is external ROM type, these pins are initialized to this function.
When TMP94C251 doesn’t access external memories, these pinsdon't change.
P60 to P67 8 110 Port 6 : I/0 port
A16to A23 Output | Address : 16 to 23 for address bus
TMP94C251 is external ROM type, these pins are initialized to this function.
When TMP94C251 doesn’t access external memories, these pinsdon't change.
P70 1 Output [Port 70 :Output port (output “high” when initialized)
RD Output [Read : Strobe signal for reading external memory
When TMP94C251 doesn’t access external memory, doesn’t output strobe.
TMP94C251 isexternal ROM type, these pins areinitialized to this function.
P71 1 Output [Port 71 : Output port (output “high” when initialized)
WRLL Output [Write LL : Strobe signal for writing data on pins DO to D7
When TMP94C251 doesn’t access external memory, doesn’t output strobe.
P72 1 Output [Port 72 : Output port (output “high” when initialized)
WRLH Output [ Write LH : Strobe signal for writing data on pins D8 to D15
When TMP94C251 doesn’t access external memory, doesn’t output strobe.
P73 1 Output [Port 73 : Output port (output “high” when initialized)
P74 1 Output [Port 74 : Output port (output “high” when initialized)
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Pi Number .
inname | 5fping I/0 Functions
P75 1 /0 Port 75 : 1/0 port
BUSRQ Input [Bus request : Signal used to request high impedance for memory interface
signals. If these signals are used as port, there are not change. The memory
interface signals are follows :
A0 to A23,D0to D15, /RD, /WRLL, /WRLH
The output signals of memory controller.
P76 1 Output [Port 76 : Output port (output “high” when initialized)
BUSAK Output [Bus acknowledge : Signal indicating that request of /BUSRQ signal is
accepted.
P80 1 Output [Port 80 : Output port (output “high” when initialized)
[«i) Output [ Chip select 0 : Outputs “low” if address is within specified address area.
P81 1 Output [Port 81 : Output port (output “high” when initialized)
[«3) Output | Chip select 1 : Outputs “low” if address is within specified address area.
RASO Output | Row address strobe 0 : Outputs /RAS strobe for DRAM if address is within
specified address area.
P82 1 Output [Port 82 : Output port (output “high” when initialized)
Ccs2 Output |Chip select 2 : Outputs “low” if address is within specified address area.
P83 1 Output [Port 83 : Output port (output “high” when initialized)
CS3 Output [ Chip select 3 : Outputs “low” if address is within specified address area.
RAS1 Output [Row address strobe 1 : Outputs /RAS strobe for DRAM if address is within
specified address area
P84 1 Output [Port 84 : Output port (output “high” when initialized)
Cs4 Output | Chip select 4 : Outputs “low” if address is within specified address area.
P85 1 Output [Port 85 : Output port (output “high” when initialized)
CS5 Output |Chip select 5 : Outputs “low” if address is within specified address area.
P86 1 110 Port 86 : I/0 port
WAIT Input |Wait : Signal used to request CPU bus wait
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Pi Number .
inname | 5fping I/0 Functions
PAO 1 Output [Port AD : Output port (output “high” when initialized)
CASO Output | Column address strobe 0 : Outputs /CAS strobe for DRAM if address is within
specified address area.
LCASO Output | Lower column address strobe 0 : Outputs lower /CAS strobe for DRAM if
address is within specified address area.
PA1 1 Output [Port A1 : Output port (output “high” when initialized)
UCASO Output [Upper Column address strobe 0 : Qutputs upper /CAS strobe for DRAM if
address is within specified address area.
PA2 1 Output [Port A2 : Output port (output “high” when initialized)
OEO Output [Output enable 0 : Outputs read enable signal for DRAM.
PA3 1 Output [Port A3 : Output port (output “high” when initialized)
OE1 Output [Output enable 1 : Outputs read enable signal for DRAM.
PA4 1 Output | Port A4 : Output port (output “high” when initialized)
WEO Output [ Write enable 0 : Outputs write enable signal for DRAM.
PBO 1 Output [Port BO : Output port (output “high” when initialized)
CAS1 Output [ Column address strobe 1 : Outputs /CAS strobe for DRAM if address is within
specified address area.
LCAS1 Output [Lower column address strobe 1 : Outputs lower /CAS strobe for DRAM if
address is within specified address area.
PB1 1 Output [Port B1: Output port (output “high” when initialized)
UCAS1 Output | Upper Column address strobe 1 : Outputs upper /CAS strobe for DRAM if
address is within specified address area.
PB2 1 Output [Port B2 : Output port (output “high” when initialized)
PB3 1 Output [Port B3 : Output port (output “high” when initialized)
PB4 1 Output [Port B4 : Output port (output “high” when initialized)
WE1 Output [ Write enable 1 : Outputs write enable signal for DRAM.
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Number

Pinname | of pins I/0 Functions

PCO 1 110 Port CO : 1/0O port

TO1 Output [ Timer output 1 : 8-bit timer 0 or 1 output

TO7 Output [ Timer output 7 : 16-bit timer 7 output

PC1 1 110 PortC1:1/0 port

TO3 Output | Timer output 3 : 8-bit timer 2 or 3 output

TOB Output [ Timer output B : 16-bit timer B output

PDO 1 110 Port DO : 1/O port

TO4 Output [ Timer output 4 : 16-bit timer 4 output

PD1 1 110 PortD1:1/0 port

TI4 Input [Timerinput4: 16-bittimer4input

INT4 Input [Interrupt request pin 4 : Interrupt request pin with programmable rising /
falling edge

PD2 1 110 Port D2 : 1/0O port

TI5 Input [Timerinput5 : 16-bit timer 4 input

INT5 Input [Interruptrequest pin 5 : Interrupt request pin with rising edge

PD4 1 110 Port D4 : 1/0 port

TO6 Output [ Timer output 6 : 16-bit timer 6 output

PD5 1 110 Port D5 : 1/0 port

Tl Input |Timer input 6 : 16-bit timer 6 input

INT6 Input [Interrupt request pin 6 : Interrupt request pin with programmable rising /
falling edge

PD6 1 110 Port D6 : 1/0O port

TI7 Input [Timerinput7 : 16-bit timer 6 input

INT7 Input [Interruptrequest pin 7 : Interrupt request pin with rising edge

PEO 1 110 Port EQ : I/O port

TO8 Output [ Timer output 8 : 16-bit timer 8 output

PE1 1 110 PortE1:1/0 port

TI8 Input [Timerinput8: 16-bit timer 8 input

INT8 Input [Interrupt request pin 8 : Interrupt request pin with programmable rising /
falling edge

PE2 1 110 PortE2 : /O port

TI9 Input [Timerinput9 : 16-bit timer 8 input

INT9 Input [Interruptrequest pin 9 : Interrupt request pin with rising edge

PE4 1 110 Port E4 : /O port

TOA Output [ Timer output A : 16-bit timer A output

PE5 1 110 Port E5 : I/O port

TIA Input [Timerinput A : 16-bit timer A input

INTA Input |[Interrupt request pin A : Interrupt request pin with programmable
rising/falling edge

PE6 1 110 PortE6 : I/O port

TIB Input |TimerinputB : 16-bit timer A input

INTB Input |Interruptrequest pin B : Interrupt request pin with rising edge
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Pi Number .
inname | 5fping I/0 Functions

PFO 1 /0 Port FO : I/0 port

TXDO Output |Serial send data 0 (open drain output is available)

PF1 1 I/0 Portf1:1/0 port

RXDO Input |Serial receive data 0

PF2 1 110 PortF2 :1/0 port

CTSO Input |Serial data receive enable 0

SCLKO I/0 Serial clock /0 0

PF4 1 I/0 Port f4 : 1/0 port

TXD1 Output |Serial send data 1 (open drain output is available)

PF5 1 110 PortF5: 1/0 port

RXD1 Input |Serial receive data 1

PF6 1 /0 PortF6 : 1/0 port

CTS1 Input |Serial data receive enable 1

SCLK1 I/0 Serial clock 110 1

PGO to PG7 8 Input |PortG: Inputport

ANO to AN7 Input [Analog input : Inputto 10-bit A/D converter

DAOUTO 1 Output | D/A output 0 : Output from 8-bit D/A converter 0

DAOUT1 1 Output [ D/A output 1 : Output form 8-bit D/A converter 1

PHO 1 /0 Port HO : I/O port

TCO Output [ Terminal count 0 : Outputs “high” strobe when counter value of micro-DMA
channel 0is “0".

PH1 1 110 Port H1: 1/0 port

TC1 Output [ Terminal count 1 : Outputs “high” strobe when counter value of micro-DMA
channel 1is “0".

PH2 1 110 Port H2 : 1/O port

TC2 Output [ Terminal count 2 : Outputs “high” strobe when counter value of micro-DMA
channel 2is “0".

PH3 1 110 Port H3 : 1/0O port

TC3 Output [Terminal count 3 : Outputs “high” strobe when counter value of micro-DMA
channel 3is “0".

PH4 1 /0 Port H4 : 1/0 port (schmitt input)

INTO Input [Interrupt request pin 0 : Interrupt request pin with programmable
level/rising edge. (schmitt input)

PZ0 to PZ7 8 /0 PortZ : 1/0 port

NMI 1 Input [Non-maskable interrupt request pin : Interrupt request pin with falling edge.
Can also be operated at rising edge by program. (schmitt input)

WDTOUT 1 Output | Watchdog timer output pin
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Number

Pinname | of pins I/0 Functions
AMO, 1 2 Input [Address mode : Selects external Data Bus width.
AM1 ="low"” AMO = "low” : Start with 8-bit external Data Bus
AM1 ="low"” AMO = "high” : Start with 16-bit external Data Bus
AM1 ="high” AMO = “low"” : Don't use this setting
AM1 ="high” AMO = "high” : Don"t use this setting
TESTO, 1 2 Input |[Test: Input “low” when using
CLK 1 Output [ Clock output : Outputs system clock
X1/X2 2 /0 Oscillator connecting pin
RESET 1 Input |Reset : Initializes LSI (with pull-up resistor) (schmitt input)
VREFH 1 Input [Pin for reference voltage input to A/D converter (“high” level)
VREFL 1 Input |Pin for reference voltage input to A/D converter (“low” level)
DAREFH 1 Input [Pin for reference voltage input to D/A converter ("high” level)
DAREFL 1 Input |Pin for reference voltage input to D/A converter (“low” level)
ADVCC 1 ——— | Power supply pin for 10-bit A/D converter
ADVSS 1 ——— | GND pin for 10-bit A/D converter (0V)
DAVCC 1 ——— | Power supply pin for 8-bit D/A converter
DAVSS 1 ——— | GND pin for 8-bit D/A converter (0V)
CLvCC 1 ——— | Power supply pin for clock doubler
CLVSS 1 ——— | GND pin for clock doubler
DVCC 8 ——— | Power supply pin ( + 5V)
DVSS 8 ——— | GND pin (0V)
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3. OPERATION

The following is a block-by-block description of the functions and basic operation of TMP94C251.
31 CPU

TMP94C251 contains an advanced, high-speed 32-bit CPU (900/H2 CPU).
3.1.1 CPU OUTLINE

900/H2 CPU is high-speed and high-performance CPU based on 900/H CPU. 900/H2 CPU has
expanded 32-bit internal and external data bus to process instructions more quickly.
Functional differences between 900/H2 CPU and 900/H CPU are as follows :

900/H2 CPU
Width of CPU Address Bus 24-bit
Width of CPU Data Bus 32-bit
Internal Operating Frequency 20 MHz
Minimum Bus Cycle 1-clock access
(50ns @ 20 MHz)
Bus Sizing Function 8/16/32-bit
Internal RAM 32-bit 1-clock access
Internal I/0 8/16/32-bit 2-clock access
External Device 8/16-bit 2-clock access

(can insert some waits)

Minimum Instruction 1-clock
Execution Cycle (50ns @20 MHz)
Conditional Jump 2-clock
(100ns @20 MHz)
Instruction Queue Buffer 12-byte
Instruction Set No MIN instruction

No LDX instruction

CPU mode No MIN (minimum) mode

Micro DMA 8-channel
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3.1.2 Reset Operation

At TMP94C251 reset, the power supply voltage must be within the operating range and internal
oscillation must be stable. Set the RESET input to 0 for at least ten system clocks (500 ns for a 20 MHz
clock).

When the reset is accepted, the CPU:

Set the program counter (PC) to the reset vector stored at addresses FFFF00H to FFFF02H.
PC(7:0) <« value at address FFFFO0H
PC(15:8) <« valueataddress FFFFO1H
PC(23:16) < value at address FFFF02H

® Sets the stack pointer (XSP) to 00000000H

® Sets bits IFF2 to 0 of the status register (SR) to 111 (this sets the interrupt level mask register
to level 7).

® (Clears bits RFP1 to 0 of the status register (SR) to 00 (this sets the register banks to 0).

After reset is released, the CPU begins execution from the instruction at the location specified in the

PC. Other than the changes described above, reset does not alter any internal CPU registers.

When reset is accepted, processing of the internal I/O, port, and other pins are as follows:

® Initializes the internal I/O registers as table of “Special Function Register” in section 5.

® Set ports pins to general-purpose input port mode.

® Setsthe WDTOUT pin to “Low”. (However, when reset is released, sets to “High”.)
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3.1.3 Data bussize after reset release

The start data bus size is determined depending on the state of a AM1 / AMO pins just after reset

release. Then, the external memory is accessed as follows.

AM1 AMO Start mode
"0" "0 8 bit data bus (1wait)
"0" 1 16 bit data bus (1wait)
" Q" Don’t use this setting
" 1 Don’t use this setting

For the details, refer to chapter “3.6 Memory controller”.

3.1.4 Setting of TESTO, 1

Connect TESTO, 1 pin to “GND” to use.
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3.2 Memory Map

Figure 3.2 is a memory map of the TMP94C251.

000000H A
Direft area
n)
000100H S A—
000170H
000400H
000CO0H 64K Byte area
(nn)
External memory
010000H [~======================---
(16M Byte)
16M Byte area
(R)
(-R)
(R+)
(R +R8/16)
(R +d8/16)
(nnn)
FOOOOOH } (Note1)
F10000H
FFFFOOH f--=---===oomcmo oo ooomooo
Note2
FEEFFEH L_Vector table (256 Byte) } (Note2)

=Internal area)

Note1: Provisional emulator control area is for emulator, it is mapped FOO000H to F10000H address after reset.
According to the necessity, the mapping is possible to change.
Note2: Don'tuse the last 16-byte area (FFFFFOH to FFFFFFH). This area is reserved.

Figure 3.2 Memory Map
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33

Interrupts

TLCS-900/H2 interrupts are controlled by the CPU interrupt mask flip-flops <IFF2 to 0> and the

internal interrupt controller. Interrupts can come from a total of 38 sources:

® Interrupts from CPU itself: two (Software interrupt and illegal instructions)
® Interrupts from external pins (NMI, INT0, INT4 to INTB) : 10
® Interrupts from internal I/O : 18

® Interrupts from micro DMA : 8

Individual interrupt vector numbers (fixed) are allocated to each interrupt source. Six levels of
priority (variable) can be allocated to maskable interrupts. The priority of non-maskable interrupts is
fixed at “7” (the highest priority).

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

The CPU compares the priority value with the value of the CPU interrupt mask register <IFF2 to
0>, and accepts the interrupt if the priority is higher or equal to the value in the CPU interrupt mask
register. The value of the interrupt mask register <IFF2 to 0> can be modified using the EI
instruction (EI num sets IFF <2:0> to num). For example, executing “EI 3” enables acceptance of non-
maskable interrupts and maskable interrupts with a priority of 3 or higher set in the interrupt
controller.

The DI instruction (sets IFF <2:0> to “7”) is operationally the same as specifying “EI 7”. As
maskable interrupts have priorities in the range of 0 to 6, the DI instruction disables acceptance of

maskable interrupts. The El instruction is valid immediatedly after its execution.

In addition to the general-purpose interrupt processing mode described above, there is also a micro
DMA processing mode. The micro DMA is a mode used by the CPU to automatically transfer 1/2/4 byte.
It enables the CPU to transfer to the internal or external memories and the built-in I/O at high speed.
Furthermore, TMP94C241A has a software start function to request by software except that micro
DMA is requested by interrupt sources.

Figure 3.3 (1) is a flowchart showing overall interrupt processing.
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Qnterru pt processing)

'

Interrupt specified
by micro DMA start

YES

— vector?
NO Clear interrupt request
F-F
: Data transfer by
Read interrupt vector V micro DMA
Clear interrupt request
General F-F
purpose
interrupt
processing PUSH PC COUNT <« COUNT -1 Micro DMA processing
PUSH SR
SR<IFF2to 0>
« Accepted
interrupt level + 1 YES :
INTNEST«-INTNEST + 1 COUNT=0 ;grlmgtgrcg::l%ear
Ko i vector register
— PC « (FFFFOOH + V)

7

Interrupt processing
program

RETI instruction

POP SR
POP PC
INTNESTINTNEST - 1

( End )

Figure 3.3 (1) Interrupt Processing Flowchart
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3.3.1 General-Purpose Interrupt Processing

(1)

(2)

3

4)
(%)

When accepting an interrupt the CPU operates as follows, which is the same as it is in TLCS-900/L
and TLCS-900/H.

The CPU reads the interrupt vector from the interrupt controller. When more than one interrupt
with the same level is generated simultaneously, the interrupt vectors in accordance with the default
priority (which is fixed as follows: the smaller the vector value, the higher the priority), then clears the

interrupt request.

The CPU pushes the program counter (PC) and the status register (SR) to the system stack area
(area indicated by the XSP).

The CPU sets a value in the CPU interrupt mask register <IFF2 to 0> that is higher by 1 than the

value of the accepted interrupt level. However, if the value is 7, 7 is set without an increment.
The CPU sets the interrupt nesting counter INTNEST) to +1.
The CPU jumps to address FFFFOOH + interrupt vector, then starts the interrupt processing routine.

All the above processing is completed in 10 states (internal operation with 500 ns @ 20 MHz) in the
most approximate processing (The external memory is 32-bit data bus 0 wait, the stack area is the built-
in RAM and the stack pointer value is an integer multiple of 4).

To return to the main routine after completion of the interrupt processing, the RETT instruction is
usually used. Executing this instruction restores the contents of the program counter and the status
registers, and decrements the interrupt nesting counter INTNEST).

Though acceptance of non-maskable interrupts cannot be disabled by program, acceptance of
maskable interrupts can. A priority can be set for each source of maskable interrupts. The CPU accepts
an interrupt request with a priority higher than the value in the CPU mask register <IFF2 to 0>. The
CPU mask register <IFF2 to 0> is set to a value higher by 1 than the priority of the accepted interrupt.
Thus, if an interrupt with a level higher than the interrupt being processed is generated, the CPU
accepts the interrupt with the higher level, causing interrupt processing to nest.

If an interrupt generated while the CPU is performing processes (1) to (5) for an earlier interrupt,
the new interrupt is sampled immediately after the start instruction of the interrupt processing routine
is executed. Setting DI as the start instruction disables maskable interrupt nesting.

Resetting initializes the CPU mask register <IFF2 to 0> to 7; therefore, maskable interrupts are
disabled.

The addresses FFFFO0H to FFFFFFH (256 bytes) of TMP94C241A are assigned for interrupt vector

area. The interrupt vector area is depended on the derivative products.

94C251-17



TOSHIBA

TMP94C251

Table 3.3 TMP94C251 Interrupt Table

gﬁ‘;ﬁ}i‘tl; Type Interrupt source Vector Adt%rszsct':: er sta?t“\ileﬁt or
1 “SWI 0" instruction or RESET 0000H FFFFOOH -
2 “SWI 1" instruction 0004H FFFFO4H -
3 “SWI 2" instruction or “INT-UNDEF” 0008H FFFFO8H -
4 “SWI 3" instruction 000CH FFFFOCH -
5 Non- “SWI 4" instruction 0010H FFFF10H -
6 maskable [ “SWI 5" instruction 0014H FFFF14H -
7 “SWI 6" instruction 0018H FFFF18H -
8 “SWI 7" instruction 001CH FFFF1CH -
9 NMI Pin 0020H FFFF20H -
10 INTWD _ : Watch-dog timer 0024H FFFF24H -
- (Micro-DMA) - - -
11 INTO Pin 0028H FFFF28H 0AH((Note1)
12 INT4 Pin 002CH FFFF2CH 0BH
13 INT5 Pin 0030H FFFF30H 0CH
14 INT6 Pin 0034H FFFF34H ODH
15 INT7 Pin 0038H FFFF38H 0OEH
- (Reserved) 003CH FFFF3CH -
16 INT8 Pin 0040H FFFFA0H 10H
17 INT9 Pin 0044H FFFF44H 11H
18 INTA Pin 0048H FFFFA8H 12H
19 INTB Pin 004CH FFFFACH 13H
20 INTTO : 8-bit timer (Timer 0) 0050H FFFF50H 14H
21 INTT1 : 8-bit timer (Timer 1) 0054H FFFF54H 15H
22 INTT2 : 8-bit timer (Timer 2) 0058H FFFF58H 16H
23 INTT3 : 8-bit timer (Timer 3) 005CH FFFF5CH 17H
24 INTTR4  : 16-bit timer (Treg 4) 0060H FFFF60H 18H
25 INTTR5  : 16-bit timer (Treg 5) 0064H FFFF64H 19H
26 INTTR6  : 16-bit timer (Treg 6) 0068H FFFF68H 1AH
27 INTTR7 __ : 16-bit timer (Treg 7) 006CH FFFF6CH 1BH
28 Maskable [ INTTR8 : 16-bit timer (Treg 8) 0070H FFFF70H 1CH
29 INTTR9  : 16-bit timer (Treg 9) 0074H FFFF74H 1DH
30 INTTRA  : 16-bit timer (Treg A) 0078H FFFF78H 1EH
31 INTTRB _ : 16-bit timer (Treg B) 007CH FFFF7CH 1FH
32 INTRX0 : Serial receive 0 0080H FFFF80H 20H (Note2)
33 INTTXO :Serialsend 0 0084H FFFF84H 21H
34 INTRX1 : Serial receive 1 0088H FFFF88H 22H (Note2)
35 INTTX1 :Serialsend 1 008CH FFFF8CH 23H
36 INTAD : A/D conversion completion 0090H FFFFO0H 24H
37 INTTCO  : micro-DMA completion Ch.0 0094H FFFF94H 25H
38 INTTC1 : micro-DMA completion Ch.1 0098H FFFFO8H 26H
39 INTTC2 : micro-DMA completion Ch.2 009CH FFFFOCH 27H
40 INTTC3  : micro-DMA completion Ch.3 00AO0H FFFFAQH 28H
41 INTTC4  : micro-DMA completion Ch.4 00A4H FFFFA4H 29H
42 INTTC5 : micro-DMA completion Ch.5 00A8H FFFFA8SH 2AH
43 INTTC6  : micro-DMA completion Ch.6 00ACH FFFFACH 2BH
44 INTTC7 : micro-DMA completion Ch.7 00BOH FFFFBOH 2CH
(Reserved) 00B4H FFFFB4H -
(Reserved) 00FCH FFFFFCH —

Note 1: When starting-up micro DMA, set at Edge detect mode.

Note 2 :

Micro DMA processing cannot be applied.
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3.3.2 Micro DMA

(M

TMP94C251 supports the micro DMA function. For interrupt requests set for micro DMA, micro
DMA processing is performed at the highest priority for maskable interrupts, regardless of the set
interrupt level.

Since the micro DMA has eight channels, it can transfer continuously by the burst specification

which is described later.

Micro DMA operation

When an interrupt request occurs for an interrupt specified by the micro DMA start vector register,
Micro DMA sends data to the CPU with the highest priority for maskable interrupts, regardless of the
interrupt level set for the interrupt. IfIFF =7, micro DMA request is not accept.

The micro DMA function has eight channels. This allows micro DMA to be set for up to eight
interrupts at the same time.

When micro DMA is accepted, the interrupt request F/F for the micro DMA channel is cleared, data
are transferred (1/2/4 byte) once from the transfer source address to the transfer destination address
(the addresses are set in the control register), and the transfer counter is decremented. If the
decremented result is 0, the CPU informs a micro DMA transfer end to the interrupt controller. The
interrupt controller generates a micro DMA transfer end interrupt (INTTCn). The CPU clears the
micro DMA start vector register (DMAnV) 0, disables the next micro DMA startup, and terminates the
micro DMA processing. If the decremented result is other than zero, , micro DMA processing is
terminated without the burst specification which is described later. In this case, the transfer end
interrupt INTTCN) is not generated.

When the interrupt source is used only to start micro DMA, the interrupt level must be set to “0”.

When the interrupt request generates until the interrupt sources are set to the micro DMA start

vector, the CPU performs the general-purpose interrupt processing at the interrupt level of 1 to 6.

Like other maskable interrupts, the priority of the micro DMA transfer end interrupt is determined
by the interrupt level and default priority.

If multiple-channel micro DMA requests occur at the same time, the priority is determined by the
channel numbers, not the interrupt levels. The lower the channel number, the higher the priority.
(CHO(high) to CH2(low))

The transfer source and transfer destination addresses are set in 32-bit control registers. However,

as only 24-bit addresses are output, the address space available to micro DMA is 16M bytes.
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Three transfer modes are supported: 1-byte transfer, 2-byte transfer and 4-byte transfer. For each
transfer mode, it is possible to specify whether to increment, decrement, or fix source and destination
addresses after transfer.

These modes facilitate data transfer from I/O to memory, from memory to I/O, and from I/O to I/O.
For transfer mode details, see “Transfer Mode Register Details” later in this manual.

As a 16-bit transfer counter is used, micro DMA can perform a maximum of 65536 transfers
(initializing the counter to 0000H specifies the maximum number of transfers) and the software start
(total 35 interrupt sources) can be used to start micro DMA processing.

Figure 3.3.2 (1) shows the micro DMA cycle for transfer destination address INC mode (the same

apart from counter mode). (Condition : 0 wait built-in RAM in the transfer address area)

| 1 state |
@® @ (©) @ ®
a SV S)
AO0to 23 src dst

Figure 3.3.2 (1) Micro DMA Cycle Timing

States 1,2 : Instruction fetch cycle (prefetches the next instruction code)

State 3 : Micro DMA read cycle
State 4 : Micro DMA write cycle
State 5 : (The same as in state 1, 2)
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(2) Software Start Function

In addition to starting the micro DMA function by interrupts, TMP94C251 includes a micro DMA
software start function that starts micro DMA on the generation of the write cycle to the DMAR
register.

Writing “1” to each bit of DMAR register causes micro DMA once. At the end of transfer, the bits of
the DMAR register which support the end channel are automatically cleared to “0”.

Writing again to the DMAB register triggers another software start, provided the micro DMA trance
counter is set to other than “0”.

When the burst is specified by DMAB register, data is continuously transferred until the value in

the micro DMA transfer counter is “0” after startup of the micro DMA.

(3)  Transfer control register

The transfer source address and the transfer destination address are set by the following registers.

These registers set data using “LDC cr,r” instruction.

Channel 0
DMASO DMA Source address register 0
DMADO DMA Destination address register 0
DMACO DMA Counter register 0
DMAMO | DMA Mode register 0
Chan:nel 7
DMAS7 DMA Source address register 7
DMAD7 DMA Destination address register 7
DMAC7 DMA Counter register 7
DMAM7 | DMA Mode register 7
“Soit
T ebt
) 32 bit >
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4)

DMA Mode register details

0.0 0] mode | DMAMOto7

l:li

DMAM [4:0] Operation

Execution time

000zz Destination INC mode
(DMADN +) « (DMASnN)
DMACnh <« DMACNh -1
if DMACnNh =0 then INT.

5 States

001zz Destination DEC mode
(DMADN -) « (DMASN)
DMACn « DMACNn -1
if DMACnNh =0 then INT.

5 States

010zz Source INC mode

(DMADN) « (DMASNH +)
DMACnh « DMACNh -1
if DMACNh =0 then INT.

5 States

011zz Source DEC mode

(DMADN) « (DMASNh-)
DMACnh <« DMACNh -1
if DMACnNh =0 then INT.

5 States

100zz Destination and Source INC mode
(DMADN +) « (DMASNH +)
DMACnh « DMACNh -1

if DMACnh =0 then INT.

6 States

1012z Destination and Source DEC mode
(DMADN -) « (DMASNh =)
DMACnh « DMACNn -1

if DMACNh =0 then INT.

6 States

110zz Destination and Source fixed mode
(DMADNn) <« (DMASN)
DMACnh <« DMACNh -1

if DMACnNh =0 then INT.

5 States

11100 Counter mode

DMASNH « DMASNH + 1
DMACnh <« DMACNh -1
if DMACnh =0 then INT.

5 States

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

Note : The execution time is measured at 1 state =50 ns (operation @ internal 20 MHz).
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3.3.3 Interrupt Controller Operation

Figure 3.3.3 (1) is a block diagram of the interrupt circuit. The left-hand side of the diagram shows
the interrupt controller circuit. The right-hand side shows the CPU interrupt request signal circuit and
the halt release circuit.

For each interrupt channel (36 channels in total), an interrupt request flag (flip-flop), an interrupt
priority setting register, and a micro DMA start vector register. The interrupt request flag latches
interrupt request from the peripherals. The flag is cleared to zero in the following cases: when reset
occurs, when the CPU reads the channel vector of an interrupt it has received, when the CPU receives a
micro DMA request (when micro DMA is set), when the micro DMA burst transfer is terminated, and
when an instruction that clears the interrupt for that channel is executed (by writing “0” to the clear
bit in the interrupt priority setting register).

The interrupt priority can be set independently for each interrupt source by writing the priority to
the interrupt priority setting register (eg, INTEQOAD, INTE12). Six interrupt priorities from 1 to 6 are
provided. Setting “0” (or “7”) disables the interrupt request. The priority of non-maskable interrupts
(NMI pin, watchdog timer) is fixed at 7. If interrupt requests with the same level are generated at the
same time, the default priority (the interrupt with the lowest priority or, in other words, the interrupt
with the lowest vector value) is used to determine which interrupt request to accept first.

Reading the 3rd bit and the 7th bit in the interrupt priority setting register sees the state of the
interrupt request flag and whether there are the interrupt request of each channel.

The interrupt controller sends the interrupt request with the highest priority among the
simultaneous interrupts and its vector address to the CPU. The CPU compares the priority value
<IFF2 to 0> et in the Status Register by the interrupt request signal with the priority value set; if the
latter is higher, the interrupt is accepted. Then the CPU sets a value higher than the priority value by
1in the CPU SR <IFF2 to 0>. Interrupt request where the priority value equals or is higher than the
set value are accepted simultaneously during the previous interrupt routine.

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

The interrupt controller also has eight registers used to store the micro DMA start vector. Writing
the start vector of the interrupt source for the micro DMA processing (see Table 3.3.(1)), enables the
corresponding interrupt to be processed by micro DMA processing. The values must be set in the micro
DMA parameter register (eg, DMAS and DMAD) prior to the micro DMA processing.
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Figure 3.3.3 (1) Block Diagram of Interrupt Controller
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(1)  Interrupt priority setting register
SYMBOL NAME ADDRESS 7 6 5 4 3 2 1 0
INTAD INTO
INTO & INTAD IADC | IADM2 i IADM1 i IADMO 10C I0M2 i I0M1 10MO
INTEOAD FOh - -
Enable R R/W R R/W
0 0 i 0 0 0 0 i 0 0
INT5 INT4
INT4 & INT5 I5C I5M2 I5M1 I5MO 14¢ 14M2 14M 1 14MO
INTE45 EOh
Enable R R/W R R/W
0 0o i 0 0 0 0o i 0 0
INT7 INT6
INT6 & INT7 17C I7M2 i 17M1 17MO 16C I6M2 i 16M1 16MO
INTE67 Elh
Enable R R/W R R/W
0 0o i o0 0 0 0o i o0 0
INT9 INT8
INT8 & INT9 19C 19M2 19M1 I9MO 18C 18M2 I8M1 I8MO
INTE89 E2h
Enable R R/W R R/W
0 0 : 0 0 0 0 : 0 0
INTB INTA
INTA & INTB IBC IBM2 : IBM1 IBMO IAC IAM2 i JAMI1 IAMO
INTEAB E3h
Enable B R/W R R/W
0 0 i 0 0 0 0 i 0 0
INTT1 (Timer1) INTTO(Timer0)
INTTO & INTT1 IT1C ITIM2 § ITIM1 | ITIMO ITOC ITOM2 : ITOM1 | ITOMO
INTETO1 E4h
Enable R R/W R R/W
0 0 : o0 0 0 0 : 0 0
INTT3 (Timer3) INTT2 (Timer2)
INTT2 & INTT3 IT3C IT3M2 © IT3M1 i IT3MO IT2C IT2M2 § IT2M1 | IT2MO
INTET23 E5h
Enable R R/W R R/W
0 0 i 0 0 0 0 i 0 0
INTT5 (TREG5) INTT4 (TREG4)
INTTR4 & INTTRS IT5C IT5M2  IT5M1 | IT5MO IT4C ITAM2 : ITAM1 | ITAMO
INTET45 E6h
Enable R R/W R R/W
0 0 : 0 0 0 0 : 0 0
INTT7 (TREG7) INTT6 (TREG6)
INTTR6 & INTTR7 IT7C IT7M2 © IT7M1 § IT7MO IT6C IT6M2 © IT6M1 | IT6MO
INTET67 E7h
Enable R R/W R R/W
0 0 i o0 0 0 0 { o0 0
INTTO (TREGY) INTT8 (TREGS)
INTTR8 & INTTR9 IT9C ITO9M2 : IT9M1 : ITOMO IT8C IT8M2 | IT8M1 i IT8MO
INTET89 E8h
Enable R R/W R R/W
0 0 : 0 0 0 0 i 0 0
INTTB (TREGB) INTTA (TREGA)
INTTRA & INTTRB ITBC ITBM2 : ITBM1 | ITBMO ITAC ITAM2 | ITAM1 | ITAMO
INTETAB E9h : : - -
Enable R R/W R R/W
0 0 i 0 0 0 0 i 0 0
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SYMBOL NAME ADDRESS | 7 6 5 4 3 2 i 0
INTTXO INTRXO
iNTEso | NTRXO&INTTXO EAR ITXOC | ITXOM2 { ITXOM1 : ITXOMO | IRXOC | IRXOM2 | IRXOM1 | IRXOMO
Enable R R/W R R/W
0 0 i 0 0 0 0 i 0 0
INTTX1 INTRX1
INTES 1 INTRX1 & INTTX1 EBh ITX1C | ITX1M2 | ITXIM1 | ITXIMO | IRX1C | IRX1M2 | IRX1M1 | IRXTMO
Enable R R/W R R/W
0 0o : 0 0 0 0o : 0 0
INTTC1 : INTTCO
INTETCO1 INTTCO & INTTC1 Ech ITC1C lITC1M2 CITCIMT § ITCIMO | ITCOC | ITCOM2 § ITCOM1 : ITCOMO
Enable R : R/W R R/W
o | o o i o 0 o i 0o o0
INTTC3 INTTC2
INTETC23 INTTC2 & INTTC3 EDh ITC3C [ ITC3M2 { ITC3M1 : ITC3MO | ITC2C | ITC2M2 @ ITC2M1  ITC2MO
Enable R R/W R R/W
0 o : o0 i o0 0 o : 0 i 0
INTTC5 INTTC4
INTTC4 & INTTCS ITC5C | ITC5M2 | ITCSM1 § ITCSMO | ITCAC | ITCAM2 | ITCAM1  ITCAMO
INTETC45 EEh ' ' ' '
Enable R R/W R R/W
0 0 ¢ 0 i 0 0 0 ¢ 0 i 0
INTTC7 INTTC6
INTETC67 INTTC6 & INTTC7 EFh ITC7C | ITC7M2 { ITC7M1 { ITC7MO | ITC6C | ITC6M2 i ITC6M1 i ITC6MO
Enable R R/W R R/W
0 o i 0 : o0 0 o i 0 : o0
NMI INTWD
Tvwor| NV & INTWD E7h ITCNM T ITCWD — i — —
Enable R R
0 — i = i = 0 — — —
"1" indicates interrupt request
Y
IxxM2 IxxM1 IxxM10 Function (Write)
0 0 0 Prohibits interrupt request.
0 0 1 Sets interrupt request level to “1”
0 1 0 Sets interrupt request level to 2"
0 1 1 Sets interrupt request level to 3"
1 0 0 Sets interrupt request level to “4"
1 0 1 Sets interrupt request level to 5"
1 1 0 Sets interrupt request level to 6"
1 1 1 Prohibit interrupt request.
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(2) External interrupt control
SYMBOL NAME ADDRESS| 7 i 6 i 5 i 4 i 3 i 2 i 1 i o0
— i — i h IOLE | NMIREE
RIW
INTerrupt R e e S e S S S 0 0
: : : : : 0: INTO [1: Oper-
1IMC Icr;zl#ol\lllode F6h : : : : : edge ate
: : : : : mode even
1: INTO at NMI
: : : : : level rise
(no RMW) : ] ] E E mode edge
Note:

*INTO level Enable

0 Rising edge detect INT

"H"level INT

*N

‘ —_

I rising edge Enable

0 INT request generation at falling edge

1 INT request generation at rising/falling edge

Note 1: Disable INTO request before changing INTO pin mode from level-sense to edge-sense.

Setting example :
LD (INTEOAD) , xxxx0000B ;  INTO disable,

clear the request flag

LD (IIMC) ,xxxxxx0xB ; Change from level to edge

LD (INTEOAD) , xxxxOnnnB ; Setinterrupt level “n” for INTO, clear the request flag

Note 2: See electrical characteristics in section 4 for external interrupt input pulse width.
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Setting of External Interrupt Pin Function

Interrupt Pin name Mode Setting method
L Falling edge IMC<NMIREE> =0
NI - N fias::gi:gzs IIMC<NMIREE > = 1
4 Rising edge IIMC<IOLE> =0, PHFC<PH4F> =1
INTO PH4
7 Level IMC<IOLE> =1, PHFC<PH4F> =1
£ Rising edge TAMOD<CAP45M1:0>=0,00r0,10r 1, 1
INT4 PD1 RS Falling edge T4AMOD<CAP45M1:0>=1,0
INT5 PD2 e Rising edge —
e Rising edge T6MOD<CAP67M1:0>=0,00r0,10r 1,1
INT6 PD5
s Falling edge T6MOD<CAP67M1:0>=1,0
INT7 PD6 S Rising edge —
E Rising edge T8MOD<CAP89M1:0>=0,00r0,10r 1, 1
INT8 PET RS Falling edge T8MOD<CAP89M1:0> =1, 0
INT9 PE2 e Rising edge —
S Rising edge TAMOD<CAPABM1:0>=0,00r0,10r1, 1
INTA PES 'S Falling edge TAMOD<CAPABM1:0>=1,0
INTB PE6 £ Rising edge —

(3) Interrupt request flag clear register

The interrupt request flag is cleared by writing the micro DMA start vector, which is listed in table

3.3 (1), to the INTCLR register.

For example, to clear the INTO interrupt flag, operate the following register after execution of DI

instruction.

Clears INTO interrupt request flag

INTCLR <« 0AH

SYMBOL NAME ADDRESS| 7 i 6 5 4 i3 i 2 1 0
Interrupt ' ' '
INTCLR | Clear F&h . W T
Control 0 : o0 0 0 : 0 0 0 0
(no RMW) Interrupt Vector

(4)  Micro DMA start vector register

This register assigns micro DMA processing to an interrupt source. The interrupt source with a

micro DMA start vector that matches the vector set in this register is assigned as the micro DMA start

source.
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When the micro DMA transfer counter value reaches zero, the micro DMA transfer end interrupt

corresponding to the channel is set to the interrupt controller, the micro DMA start vector register is

cleared, and the micro DMA start source of the channel is cleared. Therefore, to continue micro DMA

processing, set the micro DMA start vector register again during the processing of the micro DMA

transfer end interrupt.

If the same vector is set in the micro DMA start vector registers of more than one channel, the

channel with the lowest number has a higher priority.

Accordingly, if the same vector is set in the micro DMA start vector registers of two channels, the

interrupt generated in the channel with the lower number is executed until the micro DMA transfer is

complete. If the micro DMA start vector of this channel is not set again, the next micro DMA is started

for the channel with the higher number. (Micro DMA chaining)

SYMBOL ADDRESS 6 5 4 i3 o2 i 0
DMA 0 DMAO Start Vector
- DMAOVS : DMAOV4 i DMAOV3 i DMAOV2 i DMAOV1 : DMAOVO
DMAOV | Start 100h - : - : :
RIW
Vector -
0 0o : 0 { 0 i 0 0
DMA 1 DMAT1 Start Vector
- DMA1V5 :DMA1V4 i DMA1V3 i DMAOV2 : DMA1V1:DMA1V0
DMA1V | Start 101h
RIW
Vector H
0 0 : 0 0 0 0
DMA 2 DMAZ2 Start Vector
- DMA2V5 : DMA2V4 : DMA2V3 : DMA2V2 i DMA2V1 : DMA2V0
DMA2V |Start 102h : : : : :
RIW
Vector -
0 0 : 0 i 0 i 0 0
DMA 3 DMAS3 Start Vector
- DMA3V5 : DMA3V4 i DMA3V3 i DMA3V2 : DMA3V1 : DMA3V0
DMA3V | Start 103h
RIW
Vector T
0 0 0 i 0 0 0
DVIA 4 DMAA4 Start Vector
- DMAA4VS5 i DMA4V4 i DMA4V3 i DMA4V2 i DMA4V1 i DMA4VO
DMA4V | Start 104h : : : : :
RIW
Vector -
0 0 : 0 i 0 i 0 0
DMAS DMAS Start Vector
- DMAS5VS5 i DMA5V4 i DMAS5V3 i DMA5V2 i DMAS5V 1 i DMA5SVO
DMAS5V | Start 105h
RIW
Vector H
0 0 0 { o0 0 0
DMA 6 DMAG Start Vector
- DMAGVS5  DMAGV4 i DMAGV3 i DMAGV2 i DMAGV1 i DMAGVO
DMA6V | Start 106h - : - : :
RIW
Vector -
0 0o : 0 { 0 : 0 0
DMIA 7 DMAZ7 Start Vector
- DMA7V5 i DMA7V4 i DMA7V3 i DMA7V2 : DMA7V1 : DMA7V0
DMA7V | Start 107h
RIW
Vector T
0 0 0 { 0 0 0
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(5)  Micro DMA burst specification

Specifying the micro DMA burst continues the micro DMA transfer until the transfer counter

register reaches zero after micro DMA start. Setting a bit which corresponds to the micro DMA channel

of the DMAB registers mentioned below to “1” specifies a burst.

SYMBOL NAME ADDRESS| 7 i 6 i 5 i a4 i 3 i 2 1 1 [ 9
DMA Burst
DMA DBST7 : DBST6 : DBST5 : DBST4 : DBST3 : DBST2 : DBST1 : DBSTO
DMAB 108h - - : : : : :
Burst R/W
0 0 0 0 i 0 0 0 0
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(6)

Notes

The instruction execution unit and the bus interface unit of this CPU operate independently.

Therefore, immediately before an interrupt is generated, if the CPU fetches an instruction that clears

the corresponding interrupt request flag, the CPU may execute the instruction that clears the interrupt

request flag between accepting and reading the interrupt vector. In this case, the CPU reads the default
vector 0004H and reads the interrupt vector at address FFFF04H.

To avoid the above problem, place instructions that clear interrupt request flags after a DI

instruction.

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

INTO level mode

INTRX

INTO in level mode is not an edge-detect interrupt, so the
interrupt request flip-flop function is canceled. The peripheral
interrupt request bypasses the S input of the flip-flop, and acts as
the Q output. Changing modes from edge to level automatically
clears the interrupt request flag.

The interrupt request flip-flop can only be cleared by reset or by

reading the serial channel receive buffer, not by an instruction.

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

INTO

INTRX

Instructions that switch to level mode after an interrupt request is
generated in edge mode.

The pin input changes from high to low after an interrupt request is
generated in level mode. (“H" = “L")

Instructions that read the receive buffer.
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3.4  Standby Function

Executing the HALT instruction sets either RUN, IDLE, or STOP mode depending on the content of
WDMOD<HALTM1:0>.

(1) RUN :  Halts the CPU only. Power dissipation remains almost unchanged.
(2) IDLE :  Operates only the internal oscillator, while halts all other circuits.
(3) STOP : Haltsallinternal circuits, including the internal oscillator.

These halt states are released depending on the mode. For details, see Table 3.4 (2).
Example of releasing halt.

On execution of the HALT instruction, the device enters standby state in RUN mode. Release halt

using INTO.

Address :

8200H LD (PHCR), OOH ; Setsto input mode for PH4/INTO

8203H LD (PHFC), 10H ; Setsto INTO for PH4/INTO

8206H LD (INTEOAD), O6H ; Setsinterrupt level to “6” for INTO

8209H El 5 ; Setsinterrupt level to “5" for CPU

820BH LD (WDMOD), 00H ; Sets HALT mode to “RUN”

820EH HALT ; Halts CPU

INTO A\ INTO interrupt processing

RETI

820FH LD
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(1) RUN mode

Figure 3.4 (1) is the timing chart for releasing a halt in RUN mode using an interrupt.

In RUN mode, the MCU internal system clock does not stop after the HALT instruction is executed.
Only CPU instruction execution stops. Therefore, the CPU performs repeated dummy cycles until the
halt state is released.

In the halt state, interrupt requests are sample on the cycle of the CLK signal.

CLK —\_/ /3' \

A23to0 X h
= 1))

RD 4

((

WRxx )

NMI R »‘ I

INTO « /
(Level) )
External rising
interrupt {5 4\
{(
External falling ) \ /
interrupt
Internal I /
interrupt )
HALT instruction execution sequence '”tersré‘gjgﬁsczonse

Figure 3.4.(1) Timing Chart for Releasing Halt in RUN Mode Using Interrupt
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(2) IDLE mode

Figure 3.4. (2) is the timing chart for releasing a halt in IDLE mode using an interrupt.

In IDLE mode, the MCU internal system clock stops. Only the internal oscillator functions.

In the halt state, interrupt requests are sampled synchronously to the system clock. The release
from the halt state (operation restart), however, is synchronized with the clock.

In IDLE mode, interrupt requests other than external interrupts (NMI, INTO0) are disabled.

CLK ~ , ()()
— {(
A23to0 X h
= )]
RD %
{(
WRxx 7
{(
NMI ” N /
INTO A
(Level) ),
INTO « A\
(Rising edge) )
) ] ] Interrupt response
HALT instruction execution sequence sequence

Figure 3.4.(2) Timing Chart for Releasing Halt in IDLE Mode Using Interrupt
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(3)

A23to 0

015100 =4 == == AT} ~ |- = — === L — =L () -

STOP mode

Figure 3.4 (3) is the timing chart for releasing a halt in STOP mode using an interrupt.

In STOP mode, all internal circuits stop, including the internal oscillator. Also, in STOP mode, all
pins, apart from a few exceptions, are set to high impedance and are disconnected from the internal
circuit of the MCU.

However, setting WDMOD <DRVE > in the internal I/O register to “1” specifies that pins maintain
the states prior to the halt. Reset clears the register to “0”.

When the CPU receives an interrupt request, the internal oscillation restarts. Then, after the time
set by the warm-up counter for the internal oscillation to stabilize, the system clock starts its output.
The WDMOD <WARM > bit sets the warm-up time. Setting this bit to 0 specifies a warm-up time of 21°
clock cycles; setting the bit to 1 specifies a warm-up time of 2!7 clock cycles. Reset clears
WDMOD <WARM> to 0.

STOP mode can only be released by an NMI pin or INTO pin interrupt, or by reset.

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

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

system clock output.

warm-up time +
clock doubler stable time

CLK _\ ) _I_SS__\

{{

X e al &

N

— (¢
RD \ .39_ A
((
WRxx . .59_ g7 )
((
NMI ! i
»
INTO (
(Level) ) _
INTO « A7\
(Rising edge) )
HALT instruction execution sequence Interrupt response

sequence

Figure 3.4 (3) Timing Chart for Releasing Halt in STOP Mode Using Interrupt
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Table 3.4 (1) Pin statesin STOP mode

Pin Name Mode DRVE =0 DRVE =1

DO to D15 (input/output) High-Z High-2

P00 to P37/D0 to D15 P00 to P17 (input) Disable Disable

P00 to P17 (output) output output

input Disable Disable

P40 to P67/A0 to A23 output High-Z output

P70/RD output High-Z output

P71, P72/WRLL to WRLH output High-Z output

P73, P74 output High-Z output

e input Disable Disable

P75/BUSRQ output High-Z output

P76/BUSAK output High-Z output

P80 to P85/CS0 to CS5 output High-Z output

R input Disable Disable

PBB/WAIT output High-Z output

PAO to PA4/CASO to WEOD output High-Z output

PBO to PB4/CAST to WET output High-Z output

input Disable Disable

PCO, PC1/TO1 to TO3 output High-Z output

input Disable Disable

PD PD 4 to TI7 .

0'to PD6/TO4 to output High-Z output

input Disable Disable

PEO to PE6/TO8 tO TIB output High-Z output

input Disable Disable

PFO to PF6/TXDO to SCLK1 output High-Z output

PGO to PG7/ANO to AN7 input Disable Disable

DAOUTO, DAOUT1 output output output

input Disable Disable

PHO to PH3/TCO to TC3 output High-Z output
input

PHA4/INT :

/INTO output High-Z output

input Disable Disable

PZ0 to Pz7 output output output
NI input

WDTOUT output output output
AMO, AM1 input
TESTO, TEST1 input

CLK output output output

X1 input Disable Disable

X2 output “High” “High”
RESET input

Maintains output states prior to a halt.
Input is valid. When the input pin is set to middle electric potential, through current.
Inputisinvalid. Asthe input gate is disabled, no through current.

High-Z
“High"

: The output is set to high impedance.
1 The outputis set to high electric potential.
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Table 3.4 (2) 1/0 Operation During Halt and Release

Operation

Block

Halt Mode RUN IDLE STOP
WDMOD ( HALTM1,0 ) 00 10 01

CPU Halt

/0 Port e

8-bit timer

16-bit timer

Serial interface
A/D converter

D/A converter Halts
Watchdog timer
DRAM controller

Interrupt controller

Interrupt mask and Interrupt request level = Interrupt request level *2 <
request level settings interrupt mask <IFF2-0> interrupt mask <IFF2-0>
Halt Mode RUN IDLE STOP RUN IDLE STOP
NMI © © ©* - - -
INTWD © x X - - -
INTO © ©* O O O*
Halt INT4t09, A, B © X X X x x
Release
Interrupt INTTOto 3 © P% P% P% X X
Source
INTTR4t0 9, A, B © X X X X X
INTRXDO, 1 © X X X X X
INTTXDO, 1 © X X X X X
INTAD © x x x x X
RESET © © © © ©
© After a halt is released, interrupt processing begins. (Reset initializes the LSI.)
O After a halt is released, processing begins from the next address following the
HALT instruction.
X Cannot be used to release a halt.
*1 : Haltisreleased after the warm-up time has elapsed.
*2 : Same asaDlinstruction.
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3.5 Functions of Ports

TMP94C251 has I/O port pins which are shown in table 3.5. In addition to functioning as general-
purpose I/O ports, these pins are also used by internal CPU and I/O functions.

Table 3.5 Port Functions

Port Name Pin Name Number of Pins I]e] 1/0 Setting Pin Nazici?;rt])wlt-m
Port 0 P00 to P07 8 110 Bit DO to D7
Port 1 P10to P17 8 /0 Bit D8to D15
Port4 P40 to P47 8 /0 Bit A0 to A7
Port5 P50 to P57 8 /0 Bit A8to A15
Port 6 P60 to P67 8 /0 Bit A16to A23
Port7 P70 1 Output (Fixed) RD

P71 1 Output ( Fixed) WRLL
P72 1 Output ( Fixed) WRLH
P73 1 Output ( Fixed)
P74 1 Output ( Fixed)
P75 1 I/0 Bit BUSRQ
P76 1 Output (Fixed) BUSAK
Port8 P80 1 Output (Fixed) Cso
P81 1 Output (Fixed) CS1/RASO
P82 1 Output ( Fixed) cs2
P83 1 Output (Fixed) CS3/RAST
P84 1 Output ( Fixed) csa
P85 1 Output (Fixed) CS5
P86 1 /0 Bit WAIT
Port A PAO 1 Output (Fixed) CASO/LCASO
PA1 1 Output (Fixed) UCASO
PA2 1 Output (Fixed) OEO
PA3 1 Output (Fixed) OET
PA4 1 Output (Fixed) WEO
PortB PBO 1 Output (Fixed) CAST/LCAST
PB1 1 Output (Fixed) UCAST
PB2 1 Output ( Fixed)
PB3 1 Output ( Fixed)
PB4 1 Output (Fixed) WET
Port C PCO 1 /0 Bit TO1/T07
PC1 1 110 Bit TO3/TOB
Port D PDO 1 /0 Bit TO4
PD1 1 /0 Bit TI4/INT4
PD2 1 /0 Bit TIS/INTS
PD4 1 /0 Bit TO6
PD5 1 /0 Bit TI6/INT6
PD6 1 1/0 Bit TI7/INT7
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. . . Pin Name for built-in
Port Name Pin Name Number of Pins /10 1/0 Setting function

PortE PEO 1 110 Bit TO8

PE1 1 /0 Bit TI8/INT8

PE2 1 I/0 Bit TI9/INT9

PE4 1 /0 Bit TOA

PE5 1 I/0 Bit TIA/INTA

PE6 1 /0 Bit TIB/INTB
Port F PFO 1 /0 Bit TXDO

PF1 1 /0 Bit RXDO

PF2 1 I} Bit CTS0/SCLKO

PF4 1 /0 Bit TXD1

PF5 1 /0 Bit RXD1

PF6 1 /0 Bit CTS1/SCLK1
Port G PGO to PG7 8 Input (Fixed) ANO to AN7
Port H PHO 1 /0 Bit TCO

PH1 1 I/0 Bit 1

PH2 1 /0 Bit TC2

PH3 1 I/0 Bit TC3

PH4 1 /0 Bit INTO
PortZ PZ0 to PZ7 8 1/0 Bit —
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3.5.1 Port 0 (P00 to P07/D0 to D7)

Port 0 is an 8-bit general-purpose I/O port. Bits can be individually set as either inputs or outputs by
control register POCR and function register POFC.

In addition to functioning as a general-purpose I/O port, port 0 can also function as data bus (DO to
7).

POCR register —|

POFC register

External write strobe

PO register

S
0
Ext: | write dat 1 D Port0
Xternal write data POO to PO7
I Selector (DO to D7)
S
Port read data <«—— 0
Selector
External read data
Figure 3.5(1) Port0
Table 3.5(1) Port 0 Registers
SYMBOL NAME address 7 ¢ 6 ¢ 05 i o4 i3 i o2 i o1 i g
PO7 : P06 : PO5 i P04 i PO3 i PO2 : POl i POO
PO PORTO 00h - - ; R/W T : T
0 0 0 : 0 : 0 : 0 : 0 : 0
Input/ Output
PO7C ! PO6C : POSC : P0AC i P0O3C i P02C : POIC i POOC
PORTO W
POCR Control 02h - - - - - - -
Register 0 : 0 : 0 : 0 : 0 : 0 : 0 : 0
0:Input 1:Output
PO7F : PO6F : POSF : PO4F : PO3F : PO2F : POIF : POOF
PORTO W
POFC Function 03h - - - - - - -
Register 0/1 ooon PN Tooon ooon PN Tooon ooon
0:PORT 1: DataBus (D7 to D0)
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3.5.2 Port1(P10to P17/D8to D15)

Port 1 is an 8-bit general-purpose I/O port. Bits can be individually set as either inputs or outputs by
control register P1CR and function register P1FC.

In addition to functioning as a general-purpose I/O port, port 1 can also function as data bus (D8 to
15).

Setting the AM1 and AMO pins as shown below and resetting the device initialize port 1 to the

following function pins:

AM1 AMO Function Setting after reset is released. AM1, AMO FUNCTION
0 0 Input port 8 bit Date bus
0 1 Data bus (D8 to D15) 16 bit Date bus
1 0 Reserved Don't use this setting
1 1 Reserved Don’t use this setting

P1CR register —|

P1FCregister

External write strobe

P1 register

S
0
Ext | write dat 1 D Port 1
Xternal write data > P10to P17
' Selector (D8to D15)
S
Port read data <—— 0
Selector
External read data
Figure 3.5(2) Port1
Table 3.5(2) Port 1 Registers
SYMBOL NAME address 7 i 6 ¢ 5 i o4 i o3 i 2 i o1 i o0
P17 : P16 ; P15 i P14 i P13 i P12 : P11 i P10
P1 PORT1 04h : - : R/W T : ;
0 : 0 : 0 : 0 : 0 : 0 : 0 : 0
Input / Output
PI7C i P16C : P15C : P14C i P13C i P12C i P11C | P10C
PORT1 W
P1CR Control 06h - : - : : - :
Register 6o : o : o : o : o : o : o = ©
0:Input 1:Output
P17ZF i P16F : PISF : P14F : P13F : P12F : PI11F : P10OF
PORT1 W
P1FC Function 07h - - - - - : .
Register 0/1 :ooon N :on Pooon N :on :ooon
0:PORT 1:DataBus(D15to D8)
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3.5.3 Port4 (P40 to P47/A0 to A7)

Port 4 is an 8-bit general-purpose I/O port. Bits can be individually set as either inputs or outputs by
control register PACR and function register PAFC.

In addition to functioning as a general-purpose I/O port, port 4 can also function as data bus (A0 to
AT7T). When accessing internal memory and internal I/O, these pins retain the addresses of the previous

bus cycle.

PACR register —|

PAFC register
Bus release
P4 register
S
X ]
Port4
Address bus 1 PAO to PAT
I Selector (AOto A7)
S
Port read data 0
Selector
Figure 3.5(3) Port4
Table 3.5(3) Port 4 Registers
SYMBOL NAME address 7 i 6 i 5 i 4 i 3 {2 i 1 i o0
Pa7 i P46 i P45 i P44 i P43 i P42 i P41 i P40
P4 PORT4 10h . . : RIW . : :
0 : 0 : 0 : 0 : 0 : 0 : 0 : 0
Input/ Output
P47C : P46C | P45C : P44C i P43C | P42C i P4IC i P4OC
PORT4 W
P4CR Control 12h - - - - - - -
Register 6o : o0 ¢ o0 : o : 0o : o : 0 : 0
0:Input 1:Output
PA7F i PA6F | PASF i P44F i P43F | PA2F  PAIF i PAOF
PORT4 W
P4AFC Function 13h - - - - T ; .
Register 1 : 1 : 1 : 1 : 1 : 1 : 1 : 1
0:Input 1:AdddressBus (A7 to A0)
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3.5.4 Port5 (P50 to P57/A8to A15)

Port 5 is an 8-bit general-purpose I/O port. Bits can be individually set as either inputs or outputs by

control register P5CR and function register P5FC.

In addition to functioning as a general-purpose I/O port, port 5 can also function as data bus (A8 to

A15). When accessing internal memory and internal I/O, these pins retain the addresses of the previous

bus cycle.
P5CR register —|
P5SFCregister
Bus release
P5 register
0 S
Add b 1 D Port 5
ress bus P50 to P57
[ Selector (A8to A15)
S
Port read data €—— 0
Selector
5Figure 3.5(4) Port5
Table 3.5 (4) Port5 Registers

SYMBOL NAME address 7 i 6 i 5 i 4 3 2 11 0

P57 P56 : P55 P54 : P53 P52 P51 : P50
P5 PORT5 14h _ RAV
0 0 : 0 0 : 0 0 0 0
Input/ Output
P57C P56C : P55C P54C i P53C P52C P51C i P50C
PORT5 W
P5CR Control 16h - -
Register 0 0 : 0 : 0 : 0 : 0 0 0
0:Input 1:Output
P57F P56F i P55F P54F P53F P52F P51F i P50F
PORT5 W
P5FC Function 17h - - -
Register 1 1 P R P P 1 P
0:Input 1:AdddressBus(A15to A8)
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3.5.5 Port6 (P60 to P67/A16 to A23)

Port 6 is an 8-bit general-purpose I/O port. Bits can be individually set as either inputs or outputs by
control register P6CR and function register P6FC.

In addition to functioning as a general-purpose I/O port, port 6 can also function as data bus (A16 to
A23). When accessing internal memory and internal I/O, these pins retain the addresses of the previous
bus cycle.

P6CR register —|

P6FC register
Bus release
P6 register
S
X ]
Port 6
A 1
ddress bus P60 t0 P67
I Selector (A16to A23)
S
Port read data 0
Selector
Figure 3.5(5) Port6
Table 3.5 (5) Port 6 Registers
SYMBOL NAME address 7 i 6 i 5 i 4 i 3 {2 i 1 i o0
P67 : P66 : P65 : P64 : P63 i P62 : P61 i P60
P6 PORT6 18h - g T R/W T ; T
0 : 0 : 0 : 0 : 0 : 0 : 0 : 0
Input/ Output
P67C i P66C : P65C : PBAC i PB3C i P62C i P6IC i P6OC
PORT6 W
P6CR Control 1Ah - - - - - - -
Register 6o : o0 ¢ o0 : o : 0o : o : 0 : 0
0:Input 1:Output
P67F : P66F : P65F : PGAF : P63F : P62F : P6IF : P6OF
PORT6 W
P6FC Function 1Bh - - - - - ; T
Register 1 : 1 : 1 : 1 : 1 : 1 : 1 : 1
0:Input 1:AdddressBus(A23toA16)
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3.5.6 Port7 (P70 to P76)

Port 7 is an 8-bit general-purpose I/O port. Bits can be individually set as either inputs or outputs by
control register P7CR and function register P7FC.

In addition to functioning as a general-purpose I/O port, port 7 can also function as read/write strobe
signals to connect with an external memory and control signals to release bus.

A reset initializes P71 to P74 and P76 pins to output port mode, and P75 pin to input port mode.

P7FC register 4@_

Bus release
P7 register
0 > ™
P70 (RD
Read strobe 1 | D (RD)
Selector

Port read data

P7FC register 4j:>_

Bus release
P7 register
0 S
_ I [] P71 (WRID)
Write strobe 1 | P72 (WRLH)
Selector P73
P74

Port read data

Figure 3.5(6-1) Port7 (P70 to P74)
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P7CR register

P7FCregister

(reserved)

Port read data €«———

Bus release request ‘—C!i o<}

P7 register ]
S
0 > e
1 | [] P75 BUSRQ)
I
S | Selector
0
Selector

P7FC register

P7 register

[] P76 (BUSAK)

Bus release acknowledge

Selector

Port read data

Figure 3.5(6-2) Port7 (P75, P76)

Table 3.5(6) Port7 Registers

SYMBOL NAME address 7 i e i 05 i o4 i o3 i 2 i 1 i o0
- P76 : P75 i P74 P73 i P72 i P71 P70
P7 PORT7 1Ch - ; T RV T ; T
: 1 : 1 : 1 : 1 : 1 : 1 : 1
: Output : In/Out : Output
S R B 2L D R D T
P7CR Control 1Eh
Register 0 : : :
0:Input 1:Output
- . P76F | P75F . P74F : P73F . P72F . P7IF . PIOF
PORT7 : w
P7FC | Function 1Fh i 0 ¢ o0 i o0 i 0 i 0 i o0 i 1
Register o o . 0 0 - o
:0: PORT :0: PORT :0: PORT :0: PORT :0: PORT :0: PORT :0: PORT
:1: /BUSAK :1: /BUSRQ :1: /reserved : 1: /reserved : 1: /WRLH :1: /WRLL :1:/RD
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3.5.7 Port 8 (P80 to P86)

Port 8 is a 7-bit general-purpose I/O port. Bits can be individually set as either inputs or outputs by
control register PSCR and function register PSFC.

In addition to functioning as a general-purpose I/O port, port 8 can also function as chip selectionto
connect with an external memory and wait input.

A reset initializes P80 to P85 pins to output port mode, and P86 pin to input port mode.

P8FC register 43)_

Bus release
P8 register
0 S
o 1 J [T] Pso (cs0)
ip selec ST
P81 (CS1, RASO)
RAS 5
Selector P82 (SS_Z_) I
P83 (CS3, RAST)
Port read data P84 (CS4)
P85 (CS5)
P8CR register
P8FC register
P8 register ]
S
0 [ WATT
P86 (WAIT
(reserved) 1 | D ( )
I
S | Selector
Port read data <————— 0
Selector
Wait request °<}

Figure 3.5(7) Port8
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Table 3.5(7) Port 8 Registers

SYMBOL NAME address 7 ¢ 6 ¢ 05 i o4 i o3 i o2 i o1 i g
- : P86 : P8 i P84 : P83 : P8 : P81 i P80
P8 PORTS8 20h RIW -
1 1 1 1 ; 1
Output
- eeeCc . - - T - - T
PORT8 : W : . : : H :
P8CR Control 22h :
Register 0 : : :
0:Input 1:Output
- : P86F : P85F i P84F : P83F : P82F : P81F : P8OF
PORTS : : — : :
P8FC | Function 23h i 0 ¢+ 0 ¢ ©0 : O0 ¢ O = 0 : 0
Register 0: PORT i0: PORT i0:PORT :i0:PORT :0: PORT :0:PORT :0: PORT
H:/WAIT i1:/CS5  i1:/CS4  i1:/CS3  i1:/CS2  i1:/CS1  i1:/CSO
: : : i /RAST1 i i /RASO :
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3.5.8 Port A (PAO to PA4)

Port A is a 5-bit general-purpose I/O port.
In addition to functioning as a general-purpose I/O port, port A can also function as external DRAM

(channel 0) connection.

A reset initializes port A to output port mode.

PAFC register

Bus release
PA register
0 > >
CAS 1 | D
WE | PAO (CASO, LCASO)
Selector PA1 (UCAS0)
Port read data PA2 (OED)
PA3 (OE1)
PA4 (WED)
Figure 3.5(8) PortA
Table 3.5(8) Port A Registers
SYMBOL NAME address 7 i 6 i 5 i a4 3 2 1 0
- : - : - i PA4 PA3 PA2 PA1 PAO
PA PORTA 28h RW__ _
1 1 : 1 : 1 : 1
: Output
- - - I PA4F PA3F | PA2F PAI1F PAOF
PORTA : w : :
PAFC | Function 2Bh : o0 ¢ o0 ¢+ o0 : o0 : 0
Register :0: PORT :0:PORT :0: PORT :0:PORT :0: PORT
{:/WEO 1:/OE1  :1:/OE0  i1:/ucaso :1:/CASO
: ; ; : ! /LCASO
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3.5.9 PortB (PBO to PB4)

Port B is a 5-bit general-purpose I/O port.

In addition to functioning as a general-purpose I/O port, port A can also function as external DRAM
(channel 1) connection.

A reset initializes port A to output port mode.

PBFC register 4j:>_

Bus release

PB register
0 > >
cAs 1 | L]
WE | PBO (CAS1, LCAST)
Selector PB1 (UCAST)
Port read data PB2
PB3
PB4 (WE1)
Figure 3.5(9) PortB
Table 3.5(9) Port B Registers

SYMBOL| NAME | address 7 i 6 i s i o4 i3 i o2 i1 i o

- ' - : - i PB4 i PB3 i PB2 i PB1T i PBO
PB  |[PORTB 2Ch : : . : RW .
: : : 1 : 1 : 1 : 1 : 1
_ : ! : Output

- - - i PB4F i PB3F : PB2F : PBIF i PBOF

PBFC |Function | 2Fh : : L U S U S U S U S
Register : : {0: PORT  :0:PORT  :0: PORT  :0: PORT  :0: PORT
: : 11: /WE1 1:reserved i1:reserved i1:/UCAS1 i1:/CAS1
; ; ; 5 i /LCAST
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3.5.10 Port C (PCO to PC4)

Port C is a 2-bit general-purpose I/O port. Bits can be inidividually set as eiter inputs or outputs by

control register PCCR and function register PCFC.

In addition to functioning as a general-purpose I/O port, port C can also function as 8-bit timer or 16-

bit timer output.

A reset initializes port C to input port mode.

PCCR register ’ N

PCFCregister

PCregister ]
' S
S 0 ™
TO1/TO3 ——0 1 |
TO7/TOB —1
Selector
Selector li
S
Port read data <——— 0
Selector

Figure 3.5(10) PortC

Table 3.5(10) Port C Registers

[ ] Pco(To1/To7)

PC1(T0O3/TOB)

SYMBOL | NAME | address 7 i 6 5 i a4 i 3 i 2 11 0
- i - i - i - i - i - PC1 i PCO
PC PORTC 30h R/W
0 : 0
Input/ Output
Z _ - - - - PCIC | PCOC
PORTC W
PCCR Control 32h :
Register 0 : 0
(See below)
- - - - - - PCIF i PCOF
PORTC W
PCFC Function 33h -
Register 0 : 0
(See below)
PCFC  PCCR function
LI S InputPort
SUURUNL SO SURU SR OutputPort
........ 19| ToN/To3
1 : 1 TO7/TOB
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3.5.11 Port D (PDO to PD6)

Port D is a 6-bit general-purpose I/O port. Bits can be inidividually set as eiter inputs or outputs by
control register PDCR and function register PDFC.

In addition to functioning as a general-purpose I/O port, port D can also function as 16-bit timer I/O
and interrupt input.

A reset initializes port D to input port mode.

PDCR register

PDFCregister

PD register
oS
Timer outout 1 |[\ [ ] Ppo (T04)
imer outpu PD1 (TI4/INT4)
| Selector PD2 (TI5/INT5)
S . PD4 (T06)
Port read data <————— 0 PD5 (TI6/INT6)
PDG6 (TI7/INT7)
Selector
Timer interrupt request
Figure 3.5(11) PortD
Table 3.5(11) Port D Registers
SYMBOL NAME address 7 i 6 5 i o4 i3 i o2 i o1 i o0
- ! PD6 i PD5 : PD4 i - i PD2 : PD1 i PDO
PD PORTD 34h —RW__ _RW__
0 : 0 : 0 : : 0 : 0 : 0
Input/Output § : Input/Output
- i PD6C i PD5C i PD4C i - i PD2C i PDIC i PDOC
PORTD : : :
PDCR | Control 36h : : w : j : : w :
Register o : o : 0o : ;. 0 0 = o
0:Input 1:Output § § 0:Input 1:Output
- ! PD6F : PDSF : PD4AF : - : PD2F : PDIF : PDOF
PORTD : — v — v
PDFC | Function 37h i o0 ¢ 0o i 0 N U
Register ‘0: PORT :0: PORT :0:PORT : i0: PORT :0: PORT :0: PORT
M:TI7 :TI6 1:TO6 TS TIA i1:TO4
© INT7 © INT6 § ©INT5 © INT4

94C251-52




TOSHIBA TMP94C251

3.5.12 Port E (PEO to PE6)

Port E is a 6-bit general-purpose I/O port. Bits can be inidividually set as eiter inputs or outputs by
control register PECR and function register PEFC.

In addition to functioning as a general-purpose I/O port, port E can also function as 8-bit timer or 16-
bit timer output and interrupt input.

A reset initializes port E to input port mode.

PECR register

PEFC register

PE register
0 S

. {\ [] Peo (To8)
Timer output ! PE1 (TIS/INTS)
[ Selector PE2 (TI9/INT9)

s PE4 (TOA)
Port read data <————— 0 PE5 (TIA/INTA)
PE6 (TIB/INTB)

Selector

Timer interrupt request

Figure 3.5(12) PortE

Table 3.5(12) Port E Registers

SYMBOL NAME address 7 i 6 5 i o4 i3 i o2 i o1 i o0
- | PE6 : PE5 : PE4 i -  PE2 i PE1 i PEO
PE PORTE 38h R — W
0 : 0 : 0 : : 0 : 0 : 0
_ Input/Output § : Input/Output
- | PE6C i PESC i PE4AC i - i PE2C : PEIC i PEOC
PORTE : : :
PECR Control 3Ah : - w - - w -
Register o : o : 0o : ;. 0 0 = o
0:Input 1:Output § § 0:Input 1:Output
- | PE6F : PESF : PE4AF : - : PE2F : PEIF : PEOF
PORTE : — v — v
PEFC | Function 38h A S S S L N
Register :0: PORT :0: PORT :0:PORT :0: PORT :0: PORT :0: PORT
:TIB 1:TIA i1:TOA i A:TI9 1:TI8 i1:TO8
© INTB © INTA : © INT9 : INT8
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3.5.13 Port F (PFO to PF6)

Port F is a 6-bit general-purpose I/O port. Bits can be inidividually set as eiter inputs or outputs by
control register PFCR and function register PFFC.

In addition to functioning as a general-purpose I/O port, port F can also function as I/O functions of
serial interface.

A reset initializes port F to input port mode.

PFCR register ' N

PFFCregister

When PFCR register is "0" and

PFFCregisteris "1", TXD s
PF register open drain output.
S V4
° ) [ ] Prorxpo)
TXD output 1 |
PF4 (TXD1)
I
3 Selector
Port read data €«——— 0
Selector
PFCR register
PFFCregister
PF register
0 S
SCLK output 1 {\ D PF1 (RXDO0)
oupe PF2 (SCLKO/CTS0)
——
S Selector PF5 (RXD1)
PF6 (SCLK1/CTS1)
Port read data €«—— 0
RXD input Selector
SCLK input
CTS input

Figure 3.5(13) PortF
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Table 3.5(13) Port F Registers
SYMBOL NAME address 7 ¢ 6 i 5 i a4 2 i 1 o0
- PF6 : PF5 : PF4 PF2 : PF1 i PFO
RIW R/W
PF PORTF 3Ch . . - :
0 P00 P00 0 P00 P00
Input/Output Input/Output
- PF6C i PF5C : PF4C PF2C i PFIC i PFOC
PORTF
PFCR Control 3Eh - W - - w -
Register o ¢ 0o : 0 o i o0 i 0
0:Input 1:Output 0:Input 1:Output
- PF6F : PFSF : PF4F PF2F i PFIF : PFOF
W
PORTF : W - : :
PFFC  |Function 3Fh : 0 ¢ o0 ¢ o i o0 ¢ 0 o0
Register i0: PORT :0: PORT :0: PORT {0: PORT i0: PORT i0: PORT
i1:/CST1  i1: RxD1  i1: TxD1 : i1: RxDO  i1: TxDO
i SCLK1 : : :
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3.5.14 Port G (PGO to PG7)

Port G is an 8-bit general-purpose input-only port.

In addition to functioning as a general-purpose I/O port, port G can also function as I/O functions of

A/D converter.

Port read data

EI Port G

PGO to PG7
(ANO to AN7)
A/D converter input
Figure 3.5(14) PortG
Table 3.5(14) Port G Register

SYMBOL NAME address 7 ¢ 6 | 5 i a4 i 3 2 L1 i o0
PG7 ! PG6 i PG5 ! PG4 [ PG3 PG2 ! PG1 [ PGO

PG PORTG 40h R

Input
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3.5.15Port H (PHO to PH4)

Port H is a 5-bit general-purpose I/O port. Bits can be inidividually set as eiter inputs or outputs by
control register PHCR and function register PHFC.

In addition to functioning as a general-purpose I/O port, port H can also function as terminal count
output function of micro DMA and interrupt input function.

A reset initializes port H to input port mode.

PHCR register

PHFC register

PH register
0 S
. ) [] PHoO (TcO)
Terminal count output of 1 | PH1 (TC1)
micro DMA
| Selector PH2 (TC2)
S : PH3 (TC3)
Port read data <————— 0
Selector
PHCR register —_oDi
PHFC register
PH register |[\ [ ] PHa (INTO)
I
S
Port read data <«—— 0
Selector
Selector
INTO interrupt requset 1
0 Rising edge
S detector

INTO level/edge mode
select signal

Figure 3.5(15) PortH
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Table 3.5 (15) Port H Registers
SYMBOL NAME address 7 i 6 i 5 i & 2 1 i
- - - PH4 PH2 i PH1 i PHO
PH PORTH 44h AL :
0 : 0 : 0 : 0
Input/Output
- - - PH4C i PH2C i PHIC : PHOC
PORTH W
PHCR Control 46h - -
Register 0 P00 0
0:Input 1:Output
- - - PH4F PH2F i PHIF : PHOF
PORTH : : : w
PHFC Function 47h 0 0 0 0 0
Register : ' i0: PORT :0: PORT :i0: PORT :0:PORT :0: PORT
SMIINTO i1:TC3 i1:TC2 i1:TC1 i1:TCO

3.5.16 Port Z (PZ0 to PZ7)

Port Z is an 8-bit general-purpose I/O port. Bits can be inidividually set as eiter inputs or outputs by
control register PZCR.

A reset initializes port Z to input port mode.

PZCR register

D Port Z

PZ register
PZ0 to PZ7
—
S
Port read data <————— 0
Selector
Figure 3.5(16) Port2
Table 3.5(16) Port Z Registers
SYMBOL NAME address 7 i 6 i 5 i 4 i 3 {2 i 1 i o0
PZ7 i P26 | PZ5 i Pz4 | PZ3 I Pz2 i PZl i P20
RIW
74 PORTZ 68h
o : o { 0 { 0O { 0 i 0 i 0 i 0
Input/ Output
PZ7C : Pz6C : Pz5C : Pz4C i PZ3C : Pz2C : PZIC i PZ0C
PORTZ W
PZCR Control 6Ah - - - : - : -
Register 6o + o0 ¢ o ¢ 0o ¢ o : o6 : 0 : 0
0:Input 1:Output
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Table 3.5 (15) Port H Registers
SYMBOL NAME address 7 i 6 i 5 i & 2 1 i
- - - PH4 PH2 i PH1 i PHO
PH PORTH 44h AL :
0 : 0 : 0 : 0
Input/Output
- - - PH4C i PH2C i PHIC : PHOC
PORTH W
PHCR Control 46h - -
Register 0 P00 0
0:Input 1:Output
- - - PH4F PH2F i PHIF : PHOF
PORTH : : : w
PHFC Function 47h 0 0 0 0 0
Register : ' i0: PORT :0: PORT :i0: PORT :0:PORT :0: PORT
SMIINTO i1:TC3 i1:TC2 i1:TC1 i1:TCO

3.5.16 Port Z (PZ0 to PZ7)

Port Z is an 8-bit general-purpose I/O port. Bits can be inidividually set as eiter inputs or outputs by
control register PZCR.

A reset initializes port Z to input port mode.

PZCR register

D Port Z

PZ register
PZ0 to PZ7
—
S
Port read data <————— 0
Selector
Figure 3.5(16) Port2
Table 3.5(16) Port Z Registers
SYMBOL NAME address 7 i 6 i 5 i 4 i 3 {2 i 1 i o0
PZ7 i P26 | PZ5 i Pz4 | PZ3 I Pz2 i PZl i P20
RIW
74 PORTZ 68h
o : o { 0 { 0O { 0 i 0 i 0 i 0
Input/ Output
PZ7C : Pz6C : Pz5C : Pz4C i PZ3C : Pz2C : PZIC i PZ0C
PORTZ W
PZCR Control 6Ah - - - : - : -
Register 6o + o0 ¢ o ¢ 0o ¢ o : o6 : 0 : 0
0:Input 1:Output
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3.6

3.6.1

(M

(2)

(3)

4

(5)

Memory Controller
Functions

TMP94C251 has a memory controller with a variable 6-block address area that controls as follows.
6-block address area support

Specifies a start address and a block size respectively for 6-block address area (block 0 to 5).
Connecting memory specification

Specifies SRAM, ROM and DRAM as memories to connect with the respective block address areas.
DRAM is specified only in block 1 and block 3.

When SRAM or ROM is specified, a usual bus cycle is executed. When DRAM is specified, DRAM is
effectively accessed with built-in DRAM controller. The page access of ROM is also supported in block
2. For details, see “3.6.4 ROM Control”.

Data bussize selection
Whether 8-bit, 16-bit is selected as the data bus size of the respective block address areas.
Wait control

Wait specification bit in the control register and WAIT input pin control the number of waits in the
external bus cycle. Read cycle and write cycle can specify the number of waits individually. The

number of waits is controlled in three mode mentioned below.

0 wait, 1 wait,
2 wait, 3 wait,

N wait (controls with /WAIT pin)

DRAM control

TMP94C251 has DRAM controller to control refresh and DRAM accessing.

This document describes in order of the operation after reset release, basic functions and ROM page
mode.

Each section explains the operation and the register setting method and the signal timing. The

register setting method is mentioned as the lists of registers in the final.
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3.6.2 Control register and Operation after reset release

This section describes the registers to control the memory controller, the state after reset release and

necessary settings.
(1)  Control Register

The control registers of the memory controller are as follows.

® Control register : BanCSH/BnCSL (n=0 to 5)

Sets the basic functions of the memory controller, that is the connecting memory type, the

data bus size, the number of waits to be read and written.
® Memory start address register : MSARn (n=0to 5)
Sets a start address in the respective block address areas.

® Memory address mask register : MAMRn (n=0 to 5)

Sets a block size in the respective block address areas.

In addition to setting of the above-mentioned registers, it is necessary to set the following registers

to control ROM page mode access and DRAM.

® Page ROM control register : PMEMCR
Sets to executed ROM page mode accessing.

® DRAM control register : DRAMnCRL/DRAMnCRH (n=0 to 1)
Sets DRAM access.

® DRAM refresh control register : DRAMnREF (n=01t01)

Sets DRAM refresh operation.
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(2)

3.6.3

(n

Operation After Reset Release

The start data bus size is determined depending on the state of AM1/AMO pins just after reset

release. Then, the external memory is accessed as follows.

AMA1 AMO Start mode
0 Start with 8-bit data bus
1 Start with 16-bit data bus
1 0 Don't use this setting

1 1 Don’t use this setting

AM1/AMO pins are valid only just after reset release. In the other cases, the data bus width is set to
the value set to BnBUS bit of the control register.

After reset, only control register (B2CSH/B2CSL) of the block address area 2 is automatically valid.
The data bus width which is specified by AM1/AMO pins is loaded to the bit to specify the bus width of
the control register in the block address area 2. The block address area 2 is set to addresses 000000H to
FFFFFFH after reset.

After reset release, the block address areas are specified by the memory start address register
(MSARn) and the memory address mask register MAMRn). Then the control register (BnCS) is set.

Set the enable bit (BnE) of the control register to “1” to enable the setting. Set relevant registers to
access ROM page mode and DRAM.

Basic Functions And Register Setting

In this section, setting of the block address area, the data bus width, the connecting memory and the

number of waits out of the memory controller’s functions are described.
Block Address Area Specification

The block address area is specified by two registers.

The memory start address register (MSARD) sets the start address of the block address areas. The
memory controller compares between the register value and the address every bus cycles. The address
bit which is masked by the memory address mask register (MAMRN) is not compared by the memory
controller. The block address area size is determined by setting the memory address mask register. The
set value in the register is compared with the block address area on the bus. If the compared resultis a

match, the memory controller sets the chip select signal (CSn) to “Low”.
(i) Setting Memory Start Address Register

The MnS23 to 16 bits of the memory start address register respectively correspond with addresses
A23 to A16. The lower start address A15 to 0 are always set to address 0000H. Therefore the start
address of the block address area are set to addresses 000000H to FFO000H every 64 K bytes.
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(2)

3.6.3

(n

Operation After Reset Release

The start data bus size is determined depending on the state of AM1/AMO pins just after reset

release. Then, the external memory is accessed as follows.

AMA1 AMO Start mode
0 Start with 8-bit data bus
1 Start with 16-bit data bus
1 0 Don't use this setting

1 1 Don’t use this setting

AM1/AMO pins are valid only just after reset release. In the other cases, the data bus width is set to
the value set to BnBUS bit of the control register.

After reset, only control register (B2CSH/B2CSL) of the block address area 2 is automatically valid.
The data bus width which is specified by AM1/AMO pins is loaded to the bit to specify the bus width of
the control register in the block address area 2. The block address area 2 is set to addresses 000000H to
FFFFFFH after reset.

After reset release, the block address areas are specified by the memory start address register
(MSARn) and the memory address mask register MAMRn). Then the control register (BnCS) is set.

Set the enable bit (BnE) of the control register to “1” to enable the setting. Set relevant registers to
access ROM page mode and DRAM.

Basic Functions And Register Setting

In this section, setting of the block address area, the data bus width, the connecting memory and the

number of waits out of the memory controller’s functions are described.
Block Address Area Specification

The block address area is specified by two registers.

The memory start address register (MSARD) sets the start address of the block address areas. The
memory controller compares between the register value and the address every bus cycles. The address
bit which is masked by the memory address mask register (MAMRN) is not compared by the memory
controller. The block address area size is determined by setting the memory address mask register. The
set value in the register is compared with the block address area on the bus. If the compared resultis a

match, the memory controller sets the chip select signal (CSn) to “Low”.
(i) Setting Memory Start Address Register

The MnS23 to 16 bits of the memory start address register respectively correspond with addresses
A23 to A16. The lower start address A15 to 0 are always set to address 0000H. Therefore the start
address of the block address area are set to addresses 000000H to FFO000H every 64 K bytes.
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(ii) Setting Memory Address Mask Registers

The memory address mask register sets whether an address bit is compared or not. Set the
register to “0” to compare, or to “1” not to compare.

The address bit to be set is depended on the block address area.

Block address area 0 : A20 to A8

Block address area 1: A21 to A8

Block address area 2 to 5 : A22 to A15
The above-mentioned bits are always compared. The block address area size is determined by the
compared result.

The size to be set depending on the block address areas is as follows.

256 | 512 | 32K | 64K [128K 256K [512K| 1M | 2M | 4M | 8M | [Unit:Byte ]
Cs0 O|lO0O|]O0O|lO]J]O|O]O|O]|O
cs1 O | O OlO0O]|]O|O |0 OO
CS2to5 ojololo|lO|lO|O|O|O

Note : After reset release, only the control register of the block address area 2 is valid. The control
register of the block address area 2 has B2M bit. Setting B2M bit to “0” sets the block address
area 2 to addresses 000000H to FFFFFFH. Setting B2M bit to “1” specifies the start address

and the address area size asitis in the other block address areas.
(iii) Example Of Register Setting

To set the block address area 1 to 512 bytes from address 110000H, set the register as follows.

MSAR1 Register

bit 7 6 5 4 3 2 1 0
bit Symbol | M1523 | M1522 | M1S21 | M1520 | M1S19 | M1S18 | M1S17 | M1S16
Specified 0 0 0 1 0 0 0 1
value

M1S23 to 16 bits of the memory start address register MSAR1 correspond with addresses A23
to Al6.

A15 to 0 are set to “0”. Therefore setting MSARI to the above-mentioned value specifies the
start address of the block address area 1 to address 110000H.

The start address is set as it is in the other block address areas.
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MAMR1 Register

bit 7 6 5 4 3 2 1 0
bitSymbol | M1V21 | M1V20 | M1V19 | M1V18 | M1V17 | M1V16 [M1V15t09| M1V8
Specified 0 0 0 0 0 0 0 1
value

M1V21 to 16 and M1V8 bits of the memory address mask register MAMRI1 set whether
addresses A21 to 16 and A8 are compared or not. Set the register to "0" to compare, or to “1” not
to compare. M1V15-9 bits set whether addresses Al5 to 9 are compared or not with 1 bit. A23
and A22 are always compared.

Setting the above-mentioned compares A23 to A9 with the values set as the start addresses.
Therefore 512 bytes of addresses 110000H to 1101FFH are set as the block address area 1, and
compared with the addresses on the bus. If the compared result is a match, the chip select signal
CS1is set to “Low”.

The other block address area sizes are specified like this.

A23 and A22 are always compared in the block address area 0. Whether A20 to A8 are
compared or not is set to the register.

Similarly, A23 is always compared in the block address areas 2 to 5. Whether A22 to A15 are

compared or not is set to the register.

Note : When the set block address area overlaps with the built-in memory area, or both two
address areas overlap, the block address areas are processed according to priority as

follows.

Built-in /O > Built-in memory > Block addressarea0 >1>2>3>4>5
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(2) Connection Memory Specification

Setting the BnOM1 to 0 bit of the control register (BnCSH) specifies the memory type to be
connected with the block address areas. The interface signal is output according to the set memory as

follows.

BnOM1,BnOMO bit (BnCSH Register)

BnOM1 | BhOMO Function
0 0 SRAM/ROM (Default)
0 1 (Reserved)
1 0 DRAM
1 1 (Reserved)

DRAM is set only in the block address are 1 and 3.
When ROM is selected, the page mode is accessed. It is possible to specify only in the block address

area 2.
(3) Data Bus Width Specification

The data bus width is set for every block address areas. The bus size is set by the BnBUS1 and
BnBUSO bits of the control register (BnCSH) as follows.

BnBUS bit (BnCSH Register)

BnBUS1 | BnBUSO Function
0 0 8-bit bus mode (Default)
0 1 16-bit bus mode
1 0 (Reserved)
1 1 (Reserved)

This way of changing the data bus size depending on the address being accessed is called “dynamic
bus sizing”. The part where the data is output to is depended on the data size, the bus width and the

start address.
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Operand data size | Operand start | Memory data size CPUaddress CPU data
(bit) address (bit) D15 to D8 D7 to DO
8 dn+0 8/16 dn+0 XXXXX b7 to b0
an +1 8 an+1 XXXXX b7 to b0
16 an + 1 b7 to b0 XXXXX
4dn +2 8/16 an +2 XXXXX b7 to b0
8 4n+3 XXXXX b7 to b0
an+3 16 4n+3 b7 to b0 XXXXX
16 4n+0 8 (14n+0 XXXXX b7 to b0
(2)4n +1 XXXXX b15to b8
16 4n+0 b15 to b8 b7 to b0
4n +1 8 (1) 4n+1 XXXXX b7 to b0
(2)4n+2 XXXXX b15to b8
16 (14n+1 b7 to b0 XXXXX
(2)4n+2 XXXXX b15to b8
aAn +2 8 (4n+2 XXXXX b7 to b0
(2)4n +1 XXXXX b15 to b8
16 4dn+2 b15to b8 b7 to b0
4n+3 8 (14n+3 XXXXX b7 to b0
(2)4n+4 XXXXX b15 to b8
16 (14n+3 b7 to b0 XXXXX
(2)4n+4 XXXXX b15to b8
32 4n+0 8 1 4n+0 XXXXX b7 to b0
(2)4n +1 XXXXX b15to b8
(3)4n+2 XXXXX b23tob16
(4)4n+3 XXXXX b31to b24
16 (1)4n+0 b15to b8 b7 to b0
(2)4n+2 b31tob24 b23tob16
4n+1 8 (4n+1 XXXXX b7 to b0
(2)4n+2 XXXXX b15to b8
(3)4n+3 XXXXX b23tob16
4)4n+4 XXXXX b31tob24
16 (1) 4n+1 b7 to b0 XXXXX
(2)4n+2 b23tob16 b15to b8
(3)4n+4 XXXXX b311tob24
4n+2 8 (14an+2 XXXXX b7 to b0
(2)4n+3 XXXXX b15to b8
(3)4n+4 XXXXX b23tob16
4)4n +5 XXXXX b31tob24
16 (1)4n+2 b15to b8 b7 to b0
(2)4n+4 b31to b24 b23tob16
4n+3 8 (14n+3 XXXXX b7 to b0
(2)4n+4 XXXXX b15to b8
(3)4n+5 XXXXX b23tob16
4)4n +6 XXXXX b31tob24
16 (14n+3 b7 to b0 XXXXX
2)4n+4 b23tob16 b15to b8
(3)4n +6 XXXXX b31tob24

xxxxx : During a read, data input to the bus is ignored. At write, the bus is at high impedance and the write strobe signal
remains non to active.
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(4) Wait Control

The external bus cycle completes a wait of two states at least (100ns @ 20 MHz). Setting the
BnWW2 to 0 and BnWR2 to 0 of the control register (BnCSL) specifies the number of waits in the read
cycle and the write cycle. BhWW is set with the same method as BhnWR.

BnWW)/BnWR bit (BnCSL Register)

BnWW2 | BhWW1 | BAWWO Function
BnWR2 | BhWR1 | BhWRO0
0 0 1 2 states (0 wait) access fixed mode
0 1 0 3 states (1 wait) access fixed mode (Default)
1 0 1 4 states (2 wait) access fixed mode
1 1 0 5 states (3 wait) access fixed mode
0 1 1 WAIT pin input mode
others (Reserved)

(1) Waits Number Fixed Mode

The bus cycle is completed with the set states. The number of states is selected from 2 states
(OWAIT) to 5 states (SWAIT).

(ii)) WAIT Input Mode

This mode samples the WAIT input pins. It continuously samples the WAIT pin sate and inserts
a wait if the pin is active. The bus cycle is minimum 2 states. The bus cycle is completed when the
wait signal is non-active ( “High” level) at 2 states. The bus cycle extends if the wait signal is active

at 2 states and more.

94C251-66



TOSHIBA TMP94C251

(5)  BasicBusTiming

¢ External Read / Write Bus Cycle (0 WAIT)

T1 T2
CLK \ /_\ \
csn N\
A23to0 _ X
RD
read
D31to 0 ,/input>
WRxx /_
write
D31to0 ( output
| | —
® External Read/Write Bus Cycle (1 WAIT)
T1 W T2
CLK i\ /_\
CSn _\
A23to0 — X
RD
read
D31to0 ,‘lnput>
WRxx /_
write
D31to0 ( output
| | | | —

94C251-67



TOSHIBA TMP94C251

® External Read/ Write Bus Cycle (0 WAIT @ WAIT input mode)

T1 T2
CLK A\ /_\ \
CSn L\
A23to0 X
RD
read
D31t00 {rput)
WRxx /_
write
D31to0 ( output
WAIT / \_
sampling
® External Read/Write Bus Cycle (1 WAIT @ WAIT input mode)
T1 TW T2
CLK =
" Ny /
Gn o TN («
)
A23to0 _ X ¢
RD (
) read
D31to0 ‘,‘) ,‘lnput>
WRxx (« ya
) write
D31to0 ( SS output
WAIT (,(, / / \
A A
sampling sampling
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3.6.4 ROM Control (Page Mode)

This section describes ROM page mode accessing and how to set the registers. ROM page mode is set
by the page ROM control register.

(1)  Operation And How To Set The Registers

TMP94C251 supports ROM access of the page mode. The ROM access of the page mode is specified
only in the block address area 2.

ROM page mode is set by the page ROM control register (PMEMCR). Setting OPGE bit of the
PMEMCR register to “1” sets the memory access of the block address area 2 to ROM page mode access.

The number of read cycles is set by the OPWR1, 0 bit of the PMEMCR register.

OPWR1/0PWRO bit (PMEMCR Register)

OPWR1 | OPWRO0 Number of cycle in a page
0 0 1 state (n-1-1-1 mode)
0 1 2 states (n-2-2-2 mode)
1 0 3 states (n-3-3-3 mode)
1 1 (Reserved)

The page size(the number of bytes) of ROM in the CPU side is set to the PR1 and 0 bit of the
PMEMCR register. When data is read out until a border of the set page, the controller completes the
page reading operation. The start data of the next page is read in the normal cycle. The following data

is set to page read again.

PR1/PRO bit (PMEMCR Register)

RR1 RRO ROM Page Size
0 0 64 Bytes
0 1 32 Bytes
1 0 16 Bytes (Default)
1 1 8 Bytes

(2) Signal Timing Pulse

For the signal timing pulse, see ROM Read Cycle in section 4.3.2.
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3.6.5 List of Registers

The memory control registers and the settings are described as follows. For the addresses of the

registers, see List of Special Function Registers in section 5.
(1)  Control Register

The control register is a pair of BnCSL and BnCSH (n is a number of the block address area.).
BnCSL has the same configuration regardless of the block address areas. In BnCSH, only B2CSH which

is corresponded to the block address area 2 has a different configuration from the others.

BnCSL(n = 0to 5)

7 ¢ 6 i 5 i 4 i 3 i o2 1 :0
bit Symbol - BNWW2 : BAWW1 i BAWWO i - i BnWR : BnWR1 | BnWRO
Read/Write w w
After reset - 0 1 0 - 0 1 0

BnWWI[2:0] Specifies the number of write waits.

001 = 2 states (OWAIT) access 010 = 3 states (IWAIT) access
101 = 4 states (2WAIT) access 110 = 5 states (3WAIT) access
011 = WAIT input mode Others = (Reserved)

BnWR[2:0] Specifies the number of read waits.

001 = 2 states (OWAIT) access 010 = 3 states (1WAIT) access

101 = 4 states (2WAIT) access 110 = 5 states (BWAIT) access

011 = WAIT input mode Others = (Reserved)
B2CSH

7 ¢ 6 i 5 i 4 i 3 L2 1 0

bit Symbol B2E : B2M | - | B2REC | B20M1 : B20MO : B2BUS1 : B2BUSO
Read/Write wooiow Pow w w
After reset 1 o0 - f o0 i 0 00 1 Eooon

B2E Enable bit
0 = No chip select signal output
1 = Chip select signal output (Default)

Note : After reset release, only the enable bit B2E of B2CS register is valid ( “1”).

B2M Block address area specification
0 = Sets the block address area of CS2 to addresses 000000H to FFFFFFH. (Default)
1 = Setsthe block address area of CS2 to programmable.

Note: After reset release, the block address area 2 is set to addresses 000000H to FFFFFFH.
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B2REC Sets the dummy cycle for data output recovery time.
0 = Not insert a dummy cycle (Default)

1 = Insert a dummy cycle

B20MI[1:0]
00 = SRAM or ROM (Default)
Others = (Reserved)

B2BUS[1:0] Sets the data bus width
00 = 8 bit (Default)
01 = 16 bit
10 = (Reserved)
11 = (Reserved)

Note : The value of B2BUS bit is set according to the state of AM[1:0] pin after reset release.

BnCSH (n = 0,1,3,4,5)

7 i 6 i 5 i o4 i3 20 i 0
bitSymbol | BnE i - i - i BnREC : BnOM1 : BnOMO : BnBUS1 : BnBUSO
ReadWrite [ W i oow w w
After reset 0 - - 0 0 0 0 0

BnE Enable bit
0 = No chip select signal output (Default)
1 = Chip select signal

BnREC Sets the dummy cycle for data output recovery time.
0 = Not insert a dummy cycle (Default)

1 = Insert a dummy cycle

BnOM[1:0] Setsthe connecting device.
00 = SRAM or ROM (Default)
01 = (Reserved)
10 = DRAM
11 = (Reserved)

Note : DRAM is set only by B1CS and B3CS.

BnBUS[1:0] Sets data bus width.
00 = 8 bit (Default)
01 = 16 bit
10 = (Reserved)
11 = (Reserved)
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(2)

Block Address Register

A start address and an address area of the block address area are specified by the memory start
address register (MSARn) and the memory address mask register (MAMRn). The memory start address
register sets all start addresses similarly regardless of the block address areas. The bit to be set by the

memory address mask register is depended on the block address area.

MSARNn (n = 0to 5)

7 ¢ 6 i 5 i 4 i3 b2 i 0
bitSymbol | Mn$23 i MnS22 i MnS21 : Mn$S20 : MnS19 : MnS18 : MnS17 : MnS16
Read/Write R/W
After reset 1 o oo oo o oo P P
MnS [23:16] Sets a start address.

Sets the start address of the block address areas. The bit are corresponding to the addresses A23 to
16.

MAMRO

7 ¢ 6 i 5 i 4 i 3 P2 1 i 0
bitSymbol [ MOV20 : MOV19 : MOVI8 : MOVI7 : MOV16 : MOVI5 : MOV14-9 i MOV8
Read/Write R/W
After reset 1 o P P o 1 1 1
MOV [20: 8]

Enables or masks comparison of the addresses. MOV20 to MOVS8 are corresponding to addresses A20
to 8. The bit of MOV14-9 are corresponding to addresses Al4 to 9 by 1 bit. If “0” is set, the comparison

between the value of the address bus and the start address is enabled. If “1” is set, the comparison is

masked.
MAMR1

7 : 6 ¢ 5 1 4 i 3 P2 1 E0
bitSymbol [ M1v21 { M1V20 i M1V19 | MIVI8 | MIVI7 i MIVi6 : M1V15-9: M1v8
Read/Write R/W
After reset 1 P oo P o oo 1T i
M1V [21:8]

Enables or masks comparison of the addresses. M1V20 to M1V8 are corresponding to addresses A21
to 8. The bit of M1V15-9 are corresponding to addresses A15 to 9 by 1 bit. If “0” is set, the comparison
between the value of the address bus and the start address is enabled. If “1” is set, the comparison is

masked.
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MAMRnN (n = 2to 5)
7 ¢ 6 i 5 i 4 i 3 12 1T i 0
bitSymbol | Mnv22 i Mnv21 i Mnv20 i MnV19 | MnVi8 | MnVi7 : MnV16 : MnVi5

Read/Write R/W

After reset 1 Eo o o E P T

MnV [22:15]

Enables or masks comparison of the addresses. MnV22 to MnV15 are corresponding to addresses
A22 to 15. If “0” is set, the comparison between the value of the address bus and the start address is

enabled. If“1” is set, the comparison is masked.
(3) Page ROM Control Register (PMEMCR)

The page ROM control register sets page ROM accessing. ROM page accessing is executed only in

the block address area 2.

7 ¢ 6 i 5 i 4 i 3 i 2 1T i 0
bit Symbol - i - i - ! OPGE i OPWR1 : OPWRO : PRl : PRO
Read/Write PORW RIW RIW
After reset - i - F - i 0 i 0 00 1 i 0

OPGEEnable bit

0 = No ROM page mode accessing (Default)
1 = ROM page mode accessing

OPWR[1:0] Specifies the number of waits.
00 = 1 state (n-1-1-1 mode) (Default)
01 = 2 states (n-2-2-2 mode)
10 = 3 states (n-3-3-3 mode)
01 = (Reserved)

PR[1:0] ROM page size

00 = 64 bytes

01 = 32 bytes

10 = 16 bytes (Default)
11 = 8 bytes
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Table 3.6 (1) Control Register (1/2)
Symbol | address 7 6 | 5 | 4 3 | 2 | 1 | 0
- BOWW2 : BOWWI1 : BOWWO - © BOWR2 BOWR1 : BOWRO
BOCSL | 140H W w
- 0 1 0 - 0 1 0
BOE - - BOREC BOOM 1 BOOMO BOBUS 1 BOBUSO
BOCSH | 141H W W W
0 - - 0 0 0 f 0 . 0
MOV20 MOV19 MOV 18 MOV17 MOV 16 MOV15 (MOV14-V9: MOV8
MAMRO| 142H RAW
1 1 1 : 1 1 1 1 1
M0S23 M0S22 MO0S21 : MO0S20 M0S19 M0S18 M0S17 M0S16
MSARO | 143H RAW
1 1 1 : 1 1 1 1 1
- BIWW2 : BIWWI1 : BTWWO - B1WR2 B1WR1 B1WRO
B1CSL | 144H W W
- 0 1 0 - 0 1 0
B1E - - B1REC B1OM1 B10OMO B1BUS1 B1BUSO
B1CSH | 145H W W W
0 - - 0 0 0 0 : 0
M1V21 M1V20 M1V19 M1V18 M1V17 MIV16 MIVI5-V9: MIV8
MAMR1| 146H RAW
1 1 1 : 1 1 1 1 1
M1523 M1522 M1S21 : M1S20 M1S19 M1518 M1S17 M1S16
MSAR1T | 147H RAW
1 1 1 é 1 1 1 1 1
- B2WW2 : B2WWI1 : B2WWO - B2WR2 B2WR1 B2WRO
B2CSL | 148H W W
- 0 1 0 - 0 : 1 0
B2E B2M - B2REC B20M1 B20MO : B2BUSI B2BUSO
B2CSH | 149H W W
1 0 - 0 0 0 i 0 0
M2Vv22 M2V21 M2V20 M2V19 M2V18 M2V17 M2V16 M2V15
MAMR2| 14AH RAW
1 1 1 : 1 1 1 1 1
M2523 M2522 M2521 | M2S20 M2519 M2518 M2517 M2516
MSAR2 | 14BH RAW
1 1 1 i 1 1 1 1 1
- B3WW2 : B3WWI1 : B3WWO - B3WR2 B3WR1 BOWRO
B3CSL | 14CH W W
- 0 1 0 - 0 g 1 0
B3E - - B3REC B30M 1 B3OMO : B3BUSI B3BUSO
B3CSH | 14DH W w W
0 - - 0 0 0 5 0 0
M3V22 M3V21 M3V20 M3V19 M3V18 M3V17 M3V16 M3V15
MAMR3| 14EH RAW
1 1 1 ; 1 1 1 1 1
M3523 M3522 M3S21 : M3S20 M3519 M3518 M3517 M3516
MSAR3 | 14FH RAW
1 1 1 : 1 1 1 1 1
- BAWW2 @ BAWWI : BAWWO - BAWR2 BAWR!1 B4WRO
B4CSL | 150H W W
- 0 1 0 - 0 1 0
BAE - - B4REC B4OM 1 B4OMO B4BUS1 B4BUSO
B4CSH | 151H W w W
0 - - 0 0 0 0 0
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Table 3.6 (2) Control Register (2/2)

Symbol [ address 7 | 6 | 5 | 4 3 | 2 | 1 | 0

M4V22 M4v21 M4V20 M4V 19 M4V18 M4V17 : MAV16 : M4V15
MAMR4| 152H R/W

1 1 1 1 1 1 1 1

M4523 M4S22 M4521 V4520 M4519 V4518 M4S17 V4516
MSAR4 | 153H R/W

1 1 1 1 1 1 1 1

- BSWW2 : B5WW1 B5WWO0 - BS5WR2 B5WR1 B5WRO
B5CSL 154H w W

- 0 1 0 - 0 1 0

BSE - - B5REC B50OM 1 B50MO B5BUS1 B5BUSO
B5CSH 155H W ' W

0 - - 0 0 0 : 0 0

M5V22 M5V21 M5V20 M5V19 M5V 18 M5V 17 M5V 16 M5V 15
MAMRS5| 156H R/W

1 1 1 1 1 1 1 1

M5523 V5522 M5521 V5520 M5519 V5518 M5517 V5516
MSAR5 | 157H R/W

1 1 1 1 1 1 1 1

OPGE OPWR1 OPWRO0 PR1 PRO
PMEMCR 166H R/W
0 [ o 0 1 0
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3.6.6 Cautions

When Flash E2PROM which applies JEDEC standard type command is connected to the external
bus, the toggle bit may not be read correctly. If the parasitic capacitance of the read terminal (output
enable signal) is bigger than that of the chip select terminal, the rise immediately before read signal is

delayed to the toggle bit read cycle and the unexpected read cycle occurs as shown in (a) of Figure 3.6.

Toggle bit /

(a) (a)

Memory H Toggle bit RD cycle 1 H Memory H Toggle bit RD cycle 2 H
access ] ' access ' i
System v i % i
w T
I 1
| |
Address X X
I 1
Flash E2PROM i i
chip select i/ o/
7 ! 7
Read % \ i / / \ /
Y e 7
!
1
1

Figure 3.6 Flash E2PROM Toggle Bit Read Cycle

When the toggle bit reverses with this unexpected read cycle, TMP94C251F always reads same
value of the toggle bit, and cannot read the toggle bit correctly. To avoid this phenomena, the data

polling control is recommended.
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3.7 DRAM controller

TMP94C251 has a two-channel DRAM controller. In addition, it controls DRAM access, address

multiplexed, refresh, etc. as followings.
® Mapping area

Block addressareal - 256 to 4M bytes
Block address area3 -+ 32K to 8M bytes

® Memory access mode

2CAS(16bit bus), 1CAS(8bit bus)
Supports the page mode.
Note) The 32-bit bus mode is supported only in the channel 1.

® Memory access address length
Selects of 8 to 11 bits.
® Refresh mode
CAS-before-RAS refresh mode
® Refresh interval
Programmable (78 to 384 states)
® Refresh cycle width
Programmable (2 to 9 states)
e Self-refresh
Sets the self-refresh mode.
® Arbitration between refresh and access
Refresh is prior to access. Wait is automatically inserted to the access cycle.
® Operation during bus release

While the bus is released, there is a mode to support only DRAM refresh operation.

The data bus width and the number of waits to access DRAM are set according to the set value to the
control register (B1ICSH, B3CSH) in the block address are 1 and 3. The DRAM control register
(DRAMOCRL/H, DRAM1CRL/H) and the DRAM refresh control register (DRAMOREF, DRAM1REF)
set the other values.

DRAM accessing and refresh are explained with the setting method of the registers.
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(1) DRAM access pin

The DRAM accessing is performed by the following pins. The functions of the pins are depended on
the connected data bus width. The data bus width is set to the control register (BICSH, B3CSH) in the

block address area 1 and 3.

. Bus Size

Pin Name 8 bit 16 bit
CS1/RASO (P81) RASO RASO
WEO (PA4) WEO WEO
OEO (PA2) OE0 OED
UCASO (PAT) - UCASO
CASO/LCASO (PA0) CASO LCASO
CS3/RAST (P83) RAST RAST
WET (PB4) WET WET
OET (PA3) OE1 OE1
UCAST (PB1) - UCAST
CAST/LCAST (PBO) CAST LCAST

(2) DRAM access control

The DRAM control register (DRAMOCRL/H, DRAM1CRL/H) sets the DRAM access mode. The

following explains the operations of the modes and the setting of the register.
(i) Address multiplexing

In TMP94C251, the internal address multiplexer outputs the row/column address. The
multiplexed address lines depend on the bus size: 8-bit or 11-bit.

® Setting method

The MUXWn1 and 0 bits of the DRAM control register specify the multiplexed address width.
The value set as follows is valid by setting MUXEn bit to “1”.

MUXWn
MUXWn1 | MUXWnO Multiplexed address length
0 0 8bit (default)
0 1 9bit
1 0 10bit
1 1 11bit
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The multiplexed access bus size is depended on the data bus width after the multiplexed address
width is set.

Row Address
Column Address 8 bit multiplexed 9 bit multiplexed 10 bit multiplexed 11 bit multiplexed
(A0 to A12 Pins) address length address length address length address length
8 bit 16 bit 8 bit 16 bit 8 bit 16 bit 8 bit 16 bit

AQ

A1

A2

A3

A4

A5

Ab

A7

A8 A8

A9 A9

A10 A10

A11 A11

A12 A12 A12 A12 A12 A12 A12 A12 A12

In addition, the following multiplexed method is provided to connect 16M bit DRAM and 64M bit
DRAM.

Row Address

Column Address

(A0 to A12 Pins)

16 M

64 M

16 bit

16 bit

A0

A0

A1l

A2

A3

A4

A5

A6

A7

A8

A9

A10

Al

A12

A13

A0

The following procedure can be used to set the multiplexed method.
Select a multiplexed method(16M/8M) to set ' DRAMSELn' bit of DRAM control register.
'"DRAMSELn' setting can be used by setting 'CHnEN' bit of DRMEXT register to '1".
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DRAMSEL n bit

DRAMSEL n DRAM TYPE
0 16 M bit
1 64 M bit

(ii) Page mode access

The DRAM page mode is accessed by setting the PGEn bit of the DRAM control register to “1”.
In the usual DRAM accessing, the number of waits is set to the control register (BnCSL) in the
block address areas.

However in the page mode accessing, it is set to the DRAM control register.
® Setting method

The number of waits in writing is set to the PnWW 1, 0 bits. The number of waits in reading is set
to the PnWR1, 0 bits. The setting method is the same as follows.

PnWW/PnWR bit

PnWW1|PnWWO0
PnWR1 | PnNWRO

0 0 (reserved)

0 1 1 wait (n-2-2-2 mode)
1 0 2 wait (n-3-3-3 mode)
1 1

Function

(reserved)

(iii) DRAM access signal timing

For details of the signal timing pulse, see DRAM bus cycle in section 4.3.3.
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(3) DRAM Refresh Controller
TMP94C251 support three refresh controls as followings,

] CAS-before-RAS interval refres
] CAS-before-RAS self-refresh

° Dummy refresh

The DRAM refresh control register (DRAMOREF, DRAMI1REF) and the SRFC bit of the DRAM
control register control the DRAM refresh operation. The followings explain the setting method and the

operations.
6)) CAS-before-RAS Interval Refresh

In the CAS-before-RAS interval refresh mode, the RAS and CAS signals which are necessary for

DRAM refresh are created according to the refresh interval and the refresh cycle width.
® Execution procedure

Setting the RCn bit of the DRAM refresh control register (DRAMOREF, DRAM1REF) to “1”
inserts the refresh cycle. The refresh cycle width is set to RWn2 to 0 bit, and the refresh cycle
insertion interval is set to RSn2 to 0 bit. When using DRAM, set to at least three cycles.

The RWn bit is set as follows.

RWn
RWO2 [RWOT [RWOD | potroqh oy cle width
0 0 0 2 cycle (default)
0 0 1 3 cycle
0 1 0 4 cycle
0 1 1 5 cycle
1 0 0 6 cycle
1 0 1 7 cycle
1 1 0 8 cycle
1 1 1 9 cycle
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The refresh insertion interval is set in accordance with the setting of the RSn bit. The refresh

cycle insertion interval is set in accordance with the frequency of the system clock as follows.

RSN

RS02 RSO1 RS00 'I"rftee':\',gln Clock Frequency (MHz)

R$12 RS11 RS10 (cycle) 16.00 19.66 20.00
0 0 0 78 4.88 3.97 3.90
0 0 1 154 9.63 7.83 7.70
0 1 0 188 11.75 9.56 9.40
0 1 1 226 14.13 11.50 11.30
1 0 0 246 15.38 12.51 12.30
1 0 1 302 18.88 15.36 15.10
1 1 0 308 19.25 15.67 15.40
1 1 1 384 24.00 19.53 19.20

(Unit: us)

® Refresh Cycle Timing

aw N/ NV S N
RAS \
as [\

(ii) CAS-before-RAS Self-Refresh

The CAS-before-RAS self-refresh (hereinafter refereed as self-refresh mode) used when the
clock supplied is stopped by a HALT instruction while refreshing using the CAS-before-RAS
interval refresh mode (hereinafter refereed to as interval mode). (To stop clock supplied by a
HALT instruction, the standby function is set in the IDLE mode or the STOP mode.)
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e Execution procedure

Setting the SFRCn bit of the DRAM control register to “0” during refresh in usual interval mode
executes self-refresh.

In the self-refresh mode, the RAS and CAS signals maintain their low levels after turning to
“Low”, as it is in the interval mode.

When HALT is released and the clock is supplied, “1” is set to the SFRCn bit by HALT release
detector. The self-refresh mode is automatically released. But “1” isn’t set in “RUN mode”. After
the self-refresh mode is released, RAS and CAS signals turn to “High”. The usual refresh is
executed to return to the interval refresh mode.

® Self-Refresh Cycle Timing

aw NSNS NS NSNS N

({4 (¢ (¢

Ly 1 Ly

CAS \ [{{ [({ [{{

17 17 17

(iii) Dummy refresh

The dummy refresh executes CAS-before-RAS interval refresh successively.
The refresh cycle width is fixed to 4 states; the interval, to 6 states.
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e Execution procedure

Setting the DMn bit of the DRAM refresh control register (DRAMOREF, DRAMI1REF) to “1”
generates the dummy refresh. Dummy refresh is released by writing “0” to the DMn bit, by enabling
DAM access control, or setting the RCn bit of the DRAM refresh control register to “1” and setting to
the interval refresh mode. When dummy refresh mode is released by enabling DRAM access control
or by setting the RCn bit of the DRAM refresh control register, the DMn bit is not cleared to zero.

® Cycle Timing

cLk [N S S NS NSNS NTSN

s \ |
@ T\ \

4 cycle
i 6 cycle

(4) Priorities

As the DRAM refresh cycle is asynchronous to the CPU operating cycle, the refresh cycle may
overlap with DRAM read and write cycles. If an overlap occurs, the DRAM controller gives priority to
the cycle that started first. If the refresh cycle and DRAM access request are generated at the same
time, the refresh cycle is given priority. In this case, the DRAM controller automatically inserts wait

states in the memory access cycle until the refresh cycle completes.
(5) Refreshin the bus release mode

TMP94C251 has a bus release function. DRAM accessing pins (RAS, CAS) include two modes ;either
to release mode (set to high impedance) in the same way as other pins, or to non-release mode (output
refresh signals). The BRMn bit of DRAM control register sets these modes.

BRMn
BRMO
BRM1 Bus release mode
0 Releases bus release-only pin (default)
1 Supports only refresh operation
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(6)

® DRAM accessing pin release mode

When “0” is input to the BRMn bit and the bus release request pin (BUSRQ) is set to active,
TMP94C251 acknowledges a bus release request. When the current bus cycle completes, TMP94C251
first set the DRAM accessing pins (RAS, CAS) to high, then turns the output buffer off to set the pins to
high impedance. As the refresh cycle is asynchronous to the access cycle, when a refresh request is
generated and has to wait, the refresh cycle is generated and the bus is released.

Only one refresh request generated during the bus release is held. The refresh cycle is generated
immediately upon return of the bus mastership to TMP94C251 at bus release completion.

® DRAM accessing pin non-release mode

When “1” is input to the BRMn bit, DRAM accessing pins do not release the bus when a bus release
request occurs.
The pins continue to operate but support refresh cycles only. In DRAM accessing pin non-release

mode, the bus release timing is not affected by refresh requests.
List of Registers

The registers to control DRAM controller and the settings are described as follows. For the
addresses of the registers, see List of Special Function Registers in section 5.

DRAM can be set to the connecting memory only in the block address area 1 and 3. DRAMEXT,
DRAMOCRL, DRAMOCRH and DRAMOREF control DRAM(channel 0) in the block address area 1.
DRAMEXT, DRAM1CRL, DRAM1CRH and DRAMIREF control DRMA(channel 1) in the block

address area 3.

DRAMOCRL

7 6 5 4 3 2 1 0
bitSymbol [ SFRCO - . BRMO :DRAMSELO i MUXEO i MUXWOT | MUXWO00 i MACO
Read/Write RW | L ORW i RW i RW RIW LORW
After reset 1 - 0 0 0 0 0 0
DRAM1CRL

7 6 5 4 3 2 1 0
bitSymbol [ SFRC1 i - i BRM1 :DRAMSELT: MUXE1 : MUXW11 i MUXW10 i MACI
Read/Write RW L ORW i RW i RW RIW L RW
After reset 1 - 0 0 0 0 0 0
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e SFRCO0/1 self-refresh control

0=Self-refresh
1 =No self-refresh

¢ BRMO0/1 bus release mode control
0=Also releases DRAM pin in bus release mode
1=Does not release DRAM pin in bus release mode. Supports only refresh.
e DRAMSELO0/1 multiplex system
0=16M bit
1=64M bit
e MUXEO(/1 address multiplex
0=Disable
1=Enable (Make this setting when using DRAM.)
® MUXWO0/1[1:0] multiplex address length control
00=8bit
01=9bit
10=10 bit
11=11hit
® MACO0/1 enable bit
0=No DRAM access control
1=DRAM access control
DRAMOCRH
7 N 5 1 4 3 2
bitSymbol [ POWW1 i POWWO i POWR1 : POWRO : PGEO -
Read/Write RIW RIW RIW
After reset 1 ' 0 1 : 0 0 -
DRAM1CRH
7 i 6 5 1 4 3 2
bitSymbol [ PIWW1 i PIWWO : PIWR1 : PIWRO PGE1 -
Read/Write RW R/W RW
After reset 1 0 1 : 0 0 -
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® P0/1WWI[1:0] specifies the number of DRAM page mode write waits.
00=(reserved)
01 =2 states (n-2-2-2 mode)
10=3 states (n-3-3-3 mode)
11=(reserved)
® PO0/1WR[1:0] specifies the number of DRAM page mode read waits.
00=(reserved)
01 =2 states (n-2-2-2 mode)
10 =3 states (n-3-3-3 mode)
11 =(reserved)
® PGEO0/1 page mode access enable
0=No page mode access
1=Page mode access
Note : Please set the same value to PGEO and PGE1.
Setting the different value may occur malfunction.
DRAMOREF
7 : 6 . 5 : 4 : 3 . 2 1 0
bitSymbol [ DMO i RSO2 : RSO1 : RSO0 : RWO2 : RWOI RW00 RCO
Read/Mrite [ RW | RIW RIW RIW
After reset 0 0 0 10 0 P00 0 0
DRAM1REF
7 : 6 : 5 _ 4 : 3 : 2 1 0
bitSymbol | DM1 i RS12 i RS11 i RSI0 | RWI2 | RWI1 RW10 RC1
Read/Write [ RW RIW RIW RIW
After reset o ¢ o i 0 i 0 i 0 i 0 0 0

® DMO0/1 dummy refresh cycle control

0=No dummy refresh cycle

1=Dummy refresh cycle

94C251-87



TOSHIBA

TMP94C251

® RS0/1[2:0] refresh cycle insertion interval

000

001 =

010

011 =

100
101
110
111

® RW0/1[2:0] refresh cycle width

000

78 cycle

154 cycle
188 cycle
226 cycle
246 cycle

= 302 cycle
= 308 cycle

001 =

010

111

= 384 ¢ycle

2 cycle
3 cycle

= 4cycle
011 =
100 =
101 =
110 =

5 cycle
6 cycle
7 cycle
8 cycle
9 cycle

® RCO0/1 enable bit

0=No refresh cycle

1= Refresh cycle

DRAMEXT
7 4 3
bit Symbol CHOEN — — CH1EN —
Read/Write R/W RIW
After reset 0 — — 0 —

e CHOEN/CH1EN DRAMSELn bit enable

0="DRAMSELn’ setting is invalid.
1="DRAMSELRn’ setting is valid.
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Table 3.7 List of Registers
SYMBOL | NAME |ADDRES| 7 | 6 5 i 4 i 03 2 1 0
CHOEN : CH1EN
R/W
DRAM T
DRAMEXT |Select 15Ch o 0
Enable DRAMSELO: DRAMSEL1:
0: Disable : :0: Disable :
1: Enable : 1: Enable : :
SFRCO BRMO :DRAMSELO: MUXEQ : MUXWO1 i MUXWO00 i MACO
1 0 : 0 : 0 : 0 : 0 0
DRAMOCRL ER::::/I IO 160h Self- EBus reIeaseEDRAM Eaddress éMuItipIexed length émemory
R: ist(;rL refresh imode iselect imultiplex :address iaccess
9 0: Exec. icontrol :0: 16Mbit :0: disable :00: 8bit icontrol
1: Rele. i0: Rele.  :1:64Mbit :1: Enable :01: 9bit :0: Disable
i1: Not : : 110: 10bit i1: Enable
: ! release 111: 11bit :
POWW1 POWWO POWR1 POWRO PGEO :
Control : : : :
DRAMOCRH Register 161h 00: (Reserved) :00: (Reserved) :DRAM
H 01: 1wait(n-2-2-2mode) :01: Twait(n-2-2-2 mode) :page
10: 2wait(n-3-3-3 mode) :10: 2wait(n-3-3-3 mode) :access
11: (Reserved) :11: (Reserved) {1:Enable : : :
SFRC1 BRM1 :DRAMSEL1: MUXE1 : MUXW11 i MUXW10 i MACI
R/W
1 o : o { o0 0 i 0 i 0
DRAM1CRL ERA:CM |1 162h Self- éBus release:DRAM ‘address  :Multiplexed length ‘memory
R:nisrt(;rL refresh ‘mode iselect ‘multiplex :address ‘access
9 0: Exec. icontrol :0: 16Mbit :0: disable :00: 8bit ‘control
1: Rele. i0: Rele.  i1:64Mbit :1: Enable :01: 9bit :0: Disable
:1: Not : : 110: 10bit i1: Enable
: ! release : 111: 11bit :
PIWW1 | PIWWO : P1WR1 P1WRO PGE1
R/W
DRAM 1 1 & 0 T i 0 i 0
Control : ; : ;
DRAMTCRH Register 163h 00: (Reserved) :00: (Reserved) :DRAM
H 01: 1wait(n-2-2-2 mode) :01: Twait(n-2-2-2 mode) :page
10: 2wait(n-3-3-3 mode) :10: 2wait(n-3-3-3 mode) :access
11: (Reserved) i11: (Reserved) {1:Enable
DMO RS02 RSO1 RS00 RW02 RWO1 RWO00 RCO
R/W
DRAM 0 o : o { o0 0 : ©0 { 0o i 0 i 0
DRAMOREF | Refresh 164h |Dummy :Refresh cycle insertion at :Refresh cycle width :Refresh
Control cycle i 000: 78 100: 246 i 000:2 100: 6 icycle
0: Prohibit:  001: 154 101: 302 001:3  101:7 :0: Not
1:Execute !  010: 188 110: 308 010: 4 110: 8 i insert
011: 226 111: 384 011:5  111:9 11: insert
DM1 RS12 : RS11 : RS10 : RWI12 : RWI11 : RWI0 : RCI
R/W
DRAM 1 o : o ¢ o { o { o i o i o i o
DRAM1REF [ Refresh 165h |Dummy  :Refresh cycle insertion at :Refresh cycle width :Refresh
Control cycle i 000: 78 100: 246 i 000:2 100: 6 icycle
0: Prohibit:  001: 154 101: 302 001:3 101:7 :0: Not
1:Execute :  010: 188 110: 308 010:4 110: 8 : insert
011: 226 111: 384 011:5 111:9 {1: insert
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3.8 8-BitTimers

TMP94C251 incorporates four 8-bit timers (timers 0 to 3). Each timer can operate independently or
be cascaded to form two 16-bit timers. The 8-bit timers have the following four operating modes.

e 8-bitinterval timer mode (4 channels) } The above two modes can be combined

e 16-bitinterval timer mode (2 channels) (for example, two 8-bit timers and one 16-bit timers)

o 8-bit programmable square wave (PPG : variable cycle, variable duty) output mode (2 channels)
o 8-bit PWM (pulse width modulation: variable duty at fixed cycle) output mode

(2 channels)

Figure 3.8 (1) is a block diagram for 8-bit timers (timers 0, 1).

Timers 2 and 3, have the same circuit configuration as timers 0 and 1.

Each interval 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) is provided for the timer pairs: timers 0 and 1, timers 2 and 3.

Of the input clock sources for interval timers, the 4T1, 4T4, 4T16, and ¢T256 internal clocks are
obtained from the 9-bit prescaler shown in Figure 3.8 (2).

The 8-bit timer operating mode and the timer flip-flops are controlled by six control registers
(T0O1MOD, T23MOD, TFFCR, TSBRUN, T16RUN, and TRDC)
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Figure 3.8 (1) 8-Bit Timer Block Diagram (Timers 0,1)
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@O  Presecal

er

The input to the 9-bit prescaler is the CPU fundamental clock (fc) divided by four (fc/4). The

prescaler generates an input clock for the 8-bit timers, the 16-bit timer/event counters, and baud

rate generator, for example.
The 8-bit timers can use the following four clock signals: ¢T1, 4T4, 4T16, and ¢T256.
To set the prescaler to count or stop, use timer control register TIGRUN <PRRUN >. Setting
T16RUN <PRRUN > to “1” starts the count. Clearing <PRRUN> to “0” clears and stops the
prescaler. Resetting clears <PRRUN > to “0”, and clears and stops the prescaler.

X1 D (10 MHZ!
X2 [F———

A
S (10 MH2) o i

i

Interval

Inpu fc
clock

20 MHz

¢T1 (8/fc)

$T4 (32/fc)
4T16 (128/f¢)
$T256 (2048/fc)

400 ns
1.6 us
6.4 us
102.4 us

CPU clock fc (20 MHz)

$TO  4T1 T

$T2  4T8 4732

¢
4T4

1/4

Note :

172 clock

—>¢2

maximum frequency.

aw — LT LT L L

4/fc

internal I/0

o —1 L

¢T4

2

HENESEE
2 3 45 6 7 8

1

9-bit prescaler

[ 1

Trun/stop & clear
T16RUN<PRRUN >

The number in the parenthesis indicates the frequency when TMP94C241A operates is the

L

Figure 3.8 (2) Prescaler
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@

Up-counter

The up-counter is an 8-bit binary counter that counts up using the input clock specified by
timer 0 and 1 mode registers T01MOD, T23MOD.

The timer 0, 2 input clocks are selected from internal clocks ¢T1, ¢T4, and ¢T16 in accordance
with the TO1IMOD, T23MOD settings.

The timer 1, 3 input clocks vary according to the operating mode. When the up-counter is set
to 16-bit timer mode, timer 0, 2 overflow output is used as an input clock.

When the up-counter is set to other than 16-bit timer mode, two further settings are available:
internal clocks 4T1, ¢T16, or 4T256 based on the TO1MOD, T23MOD settings, and timer 0, 2

comparator output (match detect).

Example : If TOIMOD<T01M1,0> is set to “01”, the timer 0 overflow output is used as the
timer 1 input clock (16-bit timer mode).
IfTO1MOD7,6 is “00” and TO1MOD3,2 is “01”, ¢T1 is used as the timer 1 input clock

(8-bit timer mode).

The TO1MOD, T23MOD registers also set the operating mode. A reset sets the up-counter to
8-bit timer mode.
To control the count, stop, and clear functions of each up-counter interval timer, use timer

control register TSRUN. A reset clears all up-counters and stops the timers.
Timer registers

The timer registers are 8-bit registers for setting interval times. When the setting of timer
registers TREGO to 3 matches the up-counter value, the comparator match detect signal becomes
active. If“00H” is set, the match detect signal is activated when the up-counter overflows.

Timer registers TREGO, 2 have a double-buffer configuration and are paired with a register
buffer.

TREGO, 2 enable or disable the double-buffer using timer register double-buffer control
register TRDC<TRO0/2DE>. Setting <TR0/2DE> to “0” disables the double-buffer; setting
<TRO/2DE > to “1” enables the double-buffer.

With the double-buffer enabled, data are transferred from the register buffer to the timer
register at a 2n—1 overflow in pulse width modulation (PWM) mode, or at an interval

comparison match in programmable pulse generation (PPG) mode.
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A reset initializes <TR0/2DE > to “0”, disabling the double-buffer. When using the double-
buffer, first write data to the timer register and set <TR0/2DE > to “1”, then write the following
data to the register buffer.

up-counter

AV

comparator

timer register 0/2 |

7 _G: PPG interval match detect
PWM 2" - 1 overflow

_ _ selector
shift trigger TREG 0/2 WR
|
register buffer 0/2 | §‘
write <TRO/2DE >
internal bus

Figure 3.8 (3) Timer Register 0/2/4/6 Configuration

Note: The timer register and register buffer are allocated to the same address in memory.
When <TRO/2DE > is set to “0”, the same value is written to both the register buffer and
the timer register. When <TRO/2DE> is set to “1”, the value is written to the register

buffer only.

The timer registers are allocated in memory as follows.

TREGO
TREG1
TREG2

TREG3

000088H
000089H
00008AH

00008BH

All registers are write-only; cannot read data from them.

As the initial values are undefined, when using an 8-bit timer, be sure to write values.

94C251-94



TOSHIBA

TOTMOD
(0084H)

TMP94C251
7 i 6 i s i a4 i3 i 2 i 1 i o9
bit Symbol | TOIM1 i TOIMO i PWMO1 : PWMOO : T1CLK1 : T1CLKO : TOCLK1 i TOCLKO
Read/Write RIW : RIW RIW RIW
After reset 0 i 0 0o { o0 { o0 { 0 i 0 i 0
00: 8 bit Timer 00: - : 00: TOOTRG : 00: Reserved
. 01: 16 bit Timer 01:26-1PWM  : 01:4T1 ©01:gT1
Function ) . : :
10: 8 bit PPG 10:27 -1 interval : 10: 4T16 i 10: ¢T4
11: 8 bit PWM 11: 281 © 11: 4T256 11: 4T16
| | J
]

LTimer 0 input clock

00 | Reserved

01 |Internal clock ¢T1

10 | Internal clock 4 T4

11 [ Internal clock 4T16

L— Timer 1 input clock

TO1MOD7, 6+ 01

TO1MOD7,6=01

00 | Timer O comparator

output

01 | Internal clock ¢T1

10 | Internal clock 4T16

11 | Internal clock 47256

Timer 0 overflow
output

(16-bit timer mode)

PWMO interval selection

(Except for PWM mode, don’t care)

00 e
01 261
10 27 -1
1 281

Timer 0 and 1 operating mode selection

00 | 8-bittimerx2 (timers0,1)

01 | 16-bittimer

10 | 8-bit programmable square wave output

8-bit timer (timer 1)

11 | 8-bit PWM output (timer 0) +

Figure 3.8 (4) Timer 0/1 Mode Register (TO1MOD)
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T23MOD
(0085H)

7 i o6 s o4 i3 b2 i o1 i
bitSymbol | T23M1 i T23M0 : PWM21 : PWM20 : T3CLK1 : T3CLKO i T2CLK1 : T2CLKO
Read/Write RIW : RAW : RIW : RIW
After reset 0 : 0 0 : 0 0 : 0 : 0 : 0

00: 8 bit Timer 00: - 00: TO2TRG i 00: Reserved
Functi 01: 16 bit Timer 01:26-1 PWM 01: ¢T1 L 01: gT1
unction : :
10: 8 bit PPG 10:27-1 interval : 10: ¢T16 ¢ 10: 4T4
11: 8 bit PWM 11:28-1 D 11: T256 L 11: 4T16
| | J
1

L Timer 2 input clock

00 | Reserved

01 |Internal clock ¢T1

10 | Internal clock 4 T4

11 [ Internal clock ¢4T16

L—> Timer 3 input clock

T23MOD7, 6+ 01

T23MOD7,6=01

00 | Timer 2 comparator

output

01 | Internal clock ¢T1

10 | Internal clock 4T16

11 | Internal clock 47256

Timer 2 overflow
output

(16-bit timer mode)

PWM2 interval selection

(Except for PWM mode, don’t care)

00 —_—
01 261
10 27 -1
1 281

Timer 2 and 3 operating mode selection

00 | 8-bittimerx2 (timers2, 3)

01 | 16-bittimer

10 | 8-bit programmable square wave output

8-bit timer (timer 3)

11 | 8-bit PWM output (timer 2) +

Figure 3.8 (5) Timer 2/3 Mode Register (T23MOD)
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TFF3 TFF1
[ | I
7 i 6 i s o4 o3 i o2 i 1 i o0
bitSymbol | FF3C1 : FF3CO i FF3IE : FF3IS | FFIC1 : FFICO i FFIE : FF1IS
TFFCR | Read/Write W RIW W RIW
(0082H) | After reset - o0 0 - o0 0
00: Invert TFF3 i1 ;0:Inverts : 00: Invert TFF1 i 1: :0: Inverts
01:Set TFF3  (TFF3  :by8bit @ 01:Set TFF1  (TFF1 : by 8-bit
10: Clear TFF3 iInvert  itimer2. : 10:Clear TFF1 ‘Invert  :timerO.
Function 11: Don't care {Enable  i1:Inverts : 11:Don’tcare ‘Enable  :1:Inverts
: iby timer : : i by timer
3, ; : A
] | ] | |
1]

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

0 [Inverts by timer 0.

1 |Inverts by timer 1.

— Timer flip-flop TFF1 inversion
0 |Disable

1 |Enable

—> Timer flip-flop TFF1 control

00 [ Inverts TFF1 value (software inversion).

01 [Sets TFF1to "1".

10 |Clears TFF1to “0".

11 | Don't care
(Alwaysread as “11")

— > Timer flip-flop TFF3 inversion signal selection
(Except for 8-bit timer mode, don't care)

0 [Inverts by timer 2.

1 | Inverts by timer 3.

Timer flip-flop TFF3 inversion
0 | Disable

1 | Enable

Timer flip-flop TFF3 control

00 [ Inverts TFF3 value (software inversion).

01 [Sets TFF3to “1".

10 | Clear TFF3 to “0”.

11 | Don’tcare
(Alwaysread as “11")

Figure 3.8 (6) 8-Bit Timer Flip-Flop Control Register (TFFCR)
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8-bit Timers (0, 1, 2, 3)

| !
7 ¢ 6 i 5 i 4 i 3 i 2 i 1 i 0
bit Symbol : : : { T3RUN i T2RUN i T1RUN : TORUN
T8RUN | pead/write : § 5 5 R/W

(0080H) ™\ trer reset T 0 1 0 T o T o

Timer Run/ Stop Control
Function : : : : 0: Stop &Clear

: : : i 1: Run (Count up)

|—>Timer 0 operation

0 | Stopandclear

1 | Countup

—> Timer 1 operation

0 | Stopand clear

1 | Countup

—> Timer 2 operation

0 |Stopandclear

1 | Countup

— > Timer 3 operation

0 | Stopandclear

1 | Countup

Figure 3.8 (7) 8-Bit Timer Operation Control Register (TSRUN)
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TRDC
(0081H)

T16RUN
(009EH)

TMP94C251
7 6 5 4 3 2 10
bit Symbol TR2DE : TRODE
Read/Write RIW
After reset 0 { 0
: 0: Double Buffer
. Disable
Function i 1: Double Buffer
: Enable
J
|—»Timer register 0 double-buffer control
0 | Disable
1 | Enable
L > Timer register 2 double-buffer control
0 [ Disable
1 | Enable
Figure 3.8 (8) Timer Register Double-Buffer Control Register (TRDC)
7 ¢ 6 i 5 i o4 i3 i 2 1 i 0
bit Symbol | PRRUN : : : © TARUN : T8RUN : T6RUN : TARUN
Read/Write RIW R/W
After reset 0 : 0 0 0 0
Prescaler 16 Bit Timer Run/ Stop Control
Function [0:Stop : 0: Stop & Clear
1:Run : 1:Run (Count up)

]

|—>16-bit Timer (timer 4) operation

0 |Stopandclear
1 |CountUp
L 16-bit Timer (timer 6) operation

Stop and clear

Count Up

L—— > 16

bit Timer (timer 8) operation

Stop and clear

Count Up

L—— > 16

bit Timer (timer A) operation

0

Stop and clear

1

Count Up

Pre:

scaler operation

0

Stop and clear

1

Count Up

Figure 3.8 (9) 16-Bit Timer Operation Control Register (T16RUN)
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@  Comparator

The comparator compares the up-counter value with the timer register value. If the values
match, the comparator clears the up-counter to 0 and generates an interrupt INTTO to 3). If the

timer flip-flop invert is enabled at this time, the comparator inverts the timer flip-flop value.
® Timer flip-flops (timer F/F)

Each interval timer match detect signal (comparator output) inverts the timer flip-flops and
outputs the values to timer output pins TO1 (also used as PC0), TO3 (also used as PC1).

One timer flip-flop is provided for a timer pair: TFF1 for timer pair 0,1; TFF3 for pair 2, 3.
TFF1 is output to pin TO1, TFF3 to pin TO3.
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The following explains the operation of the 8-bit timers.

(1) 8-bit Timer Mode

Four interval timers 0 to 3 can be used independently as 8-bit interval timers. As all the timers
operate the same, the following describes timer 1 only.

p

@  Generating a fixed-interval interrupt

When using timer 1 to generate a timer 1 interrupt (INTT1) for each fixed interval, first halt

timer 1, then set the operating mode, input clock, and interval in TO1IMOD and TREG1. Next,
enable INTT1, and start timer 1 counting.

Example : Ifa timer 1 interrupt is required every 40 us at fc=20 MHz, set the registers in the

following order:
MSB LSB
76543210
[TBRUN ¢« X XX X=--10 - Stops timer 1 and clears it to “0".
TOIMOD « 00X XO01-~- Sets 8-bit timer mode and sets the input clock to ¢4T1
(0.4 s at fc =20 MHz).
TREGT « 01100100 Sets40us + ¢T1 =100 (64H) in the timer register.

INTETO1 « 1101
TIBRUN « 1 X X X
[ TBRUN « X X X X

Sets INTT1 to level 5.
Starts Prescaler
-1- Starts timer 1 counting.

Note: X;don’tcare - ;no change

For input clock selection, see the following table.

Table 3.8 (1) Selecting Interrupt Interval and the Input Clock Using 8-Bit Timer

Input Clock Interrupt Interval (at fc =20 MHz) Resolution
¢T1 (8/fc) 04us to 1024 us 0.4 us
$T4 (32/fc) 1.6 s to 409.6 us 1.6 us
$T16 (128/fc) 6.4us to 1.639ms 6.4 us
4T256 (2048/fc) 102445 to  26.22ms 102.4 us
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@  Generating a square wave with a 50%-duty cycle

Invert the timer flip-flop at fixed intervals and output the timer flip-flop values to the timer
output pin (TO1).

Example : To output a square wave from pin TO1 with an interval of 2.4 us at fc=20 MHz, set
the registers in the following order. Use either timer 0 or 1. The example shows the

register settings for timer 1.

0.77 ps at fc=20 MHz

MSB LSB
76543210
TBRUN « XXX X--0- Stops timer 1 and clearsitto 0.
TOIMOD « 00XXO01-- Sets 8-bit timer mode and sets the input clock to 4T1.
TREGI « 00000011 Sets2.4 us = ¢T1 + 2 =3inthe timer register.
TFFCR ¢ - =---1011 Clears TFF1 to 0 and sets it to invert on a match detect
signal from timer 1.
PCCR « XXXXXX-1 Sets PCOto TO1.
PCFC « XXXX---
T16RUN « 1XXX-=-=-- Starts PRESCALER
TSBRUN « XXX X--1- Starts timer 1 counting.
Note: X;don’t care - ;ho change
S I I I eI
T8RUN I
BIT7~2 .
up
counter BT | {:é\_l L | L
e 0 [+ L2 I3 §of + 12 T3 Lo 2 31O
comparator
tming 1T M_1I1 [
comparator output g{—l
(match detect) rl rl
INTT1 QT/ B M
up-counter
clear ﬂ/ “ "
TFF1 \‘ i i
{ | —
1 1
TO1 :/ i\ I
i i

Figure 3.8 (10) Square Wave (50 % Duty) Output Timing Chart
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(2)

®  Setting timer 1 to count up at timer 0 match output

Set 8-bit timer mode and set the timer 1 input clock to timer 0 comparator output.

comparator timer 0 |-| |-I

match output

timer 0 up-counter 1X2X3X4X5X1X2X3X4X5X1X2X3X:
(when TREG0 = 5)

timer 1 up-counter 1 X 2 X 1

(when TREG1=2)

timer 1 match output

Figure 3.8 (11)

@  Outputinvert by software

The timer flip-flop (timer F/F) value can be inverted independently of timer operation.
For example, writing “00” to TFFCR<FF1C1,0> inverts the TFF1 value; writing “00” to
TFFCR<FF3C1,0> inverts the TFF3 value.

® Timer flip-flop (timer F/F) initialization

The timer flip-flop value can be initialized to “0” or “1” independently of timer operation.
For example, to set TFF1 to 0, write “10” to TFFCR<FF1C1,0>. To set TFF1 to 1, write “01” to
TFFCR<FF3C1,0>.

Note : The timer flip-flop or timer register value cannot be read.
16-Bit Timer Mode

Timers 0 and 1, 2 and 3 can be paired to configure 16-bit interval timers.

Astimers 0 and 1, 2 and 3 operate the same, the following describes timers 0 and 1 only.

To cascade-connect timers 0 and 1 and configure a 16-bit interval timer, set mode register
T01MOD <T01M1,0> to “01”.
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When setting 16-bit timer mode, the input clock for timer 1 is provided by the overflow output of

timer 0, irrespective of the clock control register TCLK setting.

Table 3.8 (2) Selection of 16-Bit Timer (Interrupt) Interval and Input Clock

Input Clock Interrupt Interval (fc =25 MHz) Resolution

¢T1 (8/fc) 0.4us to 26.165ms 0.4 us

T4 (32/fc) 1.6 s to 104.858 ms 1.6 us
¢T16 (128/fc) 6.4 s to 419.418 ms 6.4 us

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 the

compare, while entering data in TREG1 starts the compare).

Setting Example : To generate interrupt INTT1 every 0.4 s at fce=20 MHz, set the following values
in timer registers TREGO and TREG1:
Using 4T16 (= 6.4 us at 20 MHz) as a timer input clock,
0.4s5+6.4 us=62500=F424H
Therefore, set TREG1 to F4H, and TREGO to 24H.

A match between up-counter UC1 and TREG1 at comparator timing triggers the timer 1 comparator
to generate a match detect signal. When comparator match detect signals for both timer 0 and timer 1
are generated, up-counter 0 and up-counter 1 are cleared to 0 and interrupt INTT1 only is generated.

When invert is enabled, the value of timer flip-flop TFF1 is inverted.

Timer 0 Timer 1
INTTO TO1 Match Value INTT1 TO1 Match Value
16-bit timer mode no interrupt output TREGO interrupt output TREG1x28
. generated disabled timer 1 generated enabled + TREGO
timer 1 counts up
on timer 0 overflow continues (full 16 bits)
counting up
at match
8-bit timer mode interrupt output TREGO interrupt output TREG1=»
. generated enabled clear at generated enabled TREGO
timer 1 counts up ) )
ontimer 0 match ( t!mer Oor ) match <t!mer Oor ) (product)
timer 1 timer 1
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Example : When TREG1=04H, and TREG0=80H :

up-counter values 0400H
(uct, uco) 0000H 0080H 0180H 0280H 0380H 0480H

timer 0 comparator " " " "

match detect signal

interrupt INTT1

timer output TO1 X invert

Figure 3.8 (12) Timer Output for 16-Bit Timer Mode
(3) 8-Bit Programmable Pulse Generation Output Mode

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

Timer 0 outputs from pin TO1 (also used as PCO0), timer 2 outputs from pin TO3 (also used as PC1).

e tH | t |

As timers 0, 2 operate the same, the following describes timer 0 only.

AL A

match between TREGO
and UCO (INTTO)

match between TREG1 F F
and UCO (INTT1) / )
To1 TREGO |
||
TREG1
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T8RUNO TO1
¢T1 8-bit <J
P selector up-counter UCO T
$7256 ———> - TFF
invert
INTTO
J ~
comparator comparator INTT1
= > = o~
L TREGO
=
selector - -
TREGO-WR — shift trigger
| register buffer TREG1
TRDC TT
internal bus

Figure 3.8 (13) 8-Bit PPG Output Mode Block Diagram

Enabling the TREGO double-buffer in this mode shifts the register buffer value to TREG0 when

TREG1 matches UCO.

Using the double-buffer facilitates output of waveforms with a low duty ratio (when changing the
duty).

match with TREGO " "

(up-counter = Q) (up-counter=Qy)

match with TREG1

(shift from register buffer

A
TREGO Q1 Q2
(compare value)
. Q2 X Q3
register buffer

shift to register buffer

Register Buffer Operation
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Example : Output a 1/4-duty 62.5 kHz-pulse (at fc=20 MHz)

[ (L T[T

|<—16,us —>|

Determine the set value in the timer register.

Setting the frequency to 62.5 kHz generates a square wave with a cycle of t=1/62.5 kHz=16 us.
Using 4T1=0.4 us (at fc=20 MHz) results in:

16 us+0.4 us=40

Accordingly, set timer register 1 (TREG1) to TREG1=40=28H.
Next, set the duty to 1/4 as follows: t X 1/4=16 us X 1/4=4 us
Accordingly, set timer register 0 (TREGO) to TREGO=10=0AH.

T8RUN
TO1IMOD
TFFCR

1

1

1

TREGO
TREG1
PCCR
PCFC
T8RUN

.
.
.
.
.

T16RUN «

Note : X ; don’t care

MSB

S X o
>xX X o
>xX X

X X X X O O

X X X X = O

X X X X O O

LSB
3210

--00
0101
011x

L|J—»Set’cing to “10” obtains a negative logic output wave.

1
1

0
0

Stops timers 0 and 1, and clear them to 0.
Sets 8-bit PPG mode and sets the input clock to ¢T1.
Sets TFF1 and enables invert.

10 Writes OAH.
00 Writes 28H.
1- Sets P91 to TO1.
1X
11 Starts timers 0 and 1 counting.
- - Starts prescaler
- ;no change
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(4)  8-Bit Pulse Width Modulation (PWM) Output Mode

Only timers 0, 2 support this mode, which allows up to two pulse width modulation outputs with 8-
bit resolution.

For timer 0, PWM is output to pin TO1 (also used as PC0). For timer 2 PWM is output to pin TO3
(also used as PC1).

Timers 1, 3 can be used as 8-bit timers.

As timers 0, 2 operate the same, the following describes timer 0 only.

Timer output is inverted when the up-counter UCO setting and the timer register TREG setting
match, or when 2°—1 (TO1MOD specifies one of n=6, n="7, or n=8) counter overflow occurs. The up-
counter UCO is cleared by the 2% —1 counter overflow.

In 8-bit PWM output mode, the following conditions must be satisfied :
(timer register setting) < (2°—1 counter overflow settin)

(timer register setting) * 0

match between TREGO A 1l |

and up-counter0 ( (
2n-1
overflow /'" /"
(interrupt INTTO) \ ( \ (
TO1 N N\
I !—I trwm I—I

" (PWM interval)
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T8RUN<TORUN TO1

pT1 ——> 8-bit <J A

¢T4 selector >| up-counter UCO clear
$T16 ———> TFF

rooh

TOTMOD<TOCLK1, 0>

invert
N[27-1
—|/ overflow
control

INTTO

L TREGO

selector
TREGO-WR —> shift trigger

register buffer

A
TRDC<TRODE > |

internal bus

Figure 3.8 (14) 8-Bit PWM Output Mode Block Diagram

Enabling the TREGO double-buffer in this mode shifts the register buffer value to TREGO when 2" —
1 overflow is detected.
Using the double-buffer facilitates output of waveforms with a low duty ratio (when changing the

duty).
match with TREGO " "
(up-counter = Q) (up-counter =Qy)
2n-1
fl
overtiow (shift from register buffer
A
TREGO Q1 Q2
(compare value)
, Q2 X Q3
register buffer

shift to register buffer

Register Buffer Operation
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Example :

To realize a PWM interval of 50.8 us using ¢T1=0.4 us (at fc=20 MHz)

| 36.0 us |

—

I

l<«— 50.8 s —>

50.8 us+0.4 us=127=2"-1
Accordingly, setn=7.
As the low-level interval is 36.0 us, at ¢T1=0.4 us,
set 36.0 us + 0.4 xs=90=5AH in TREGO

Output the following PWM waveform to pin TO1 using timer 0 for fc =20 MHz:

MSB LSB
76543210
TBRUN « X XXX ---20 Stops timer 0 and clears it to 0.
TOIMOD « 1110--01 Sets to 8-bit PWM mode (interval = 27 — 1) and sets the
input clock to ¢T1.

TFFCR ¢« - - --101X Clears TFF1 and sets to invert enable.
TREGO « 010110 0 Writes 5AH.
PCCR « XXXXXX-1 Sets PCOto TO1.
PCFC « XXXXXX-1
TIBRUN « 1 XXX - - - - Starts prescaler
TBRUN « X XXX ---1 Starts timer 0 counting.
Note: X;don’t care - ;no change

Table 3.8 (3) Setting PWM Interval and 2" - 1 Counter

PWM Interval (at fc =20 MHz)

$T1 4T 4T16
26-1 25.2 us (39.7 kHz) 100.8 us  (9.92 kHz) 403.2 s (2.48 kHz)
27 -1 50.8 s (19.6 kHz) 203.2 45 (4.92 kHz) 810 s (1.23kHz)
28-1 10245 ( 9.80 kHz) 408 us  (2.45kHz) 1.63ms (0.61 kHz)
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(5) Table 3.8 (4) shows the settings for all 8-bit timer modes.
Table 3.8 (4) Setting Register for All Timer Modes
Mode PWMO Upper Timer Lower Timer Invert Select
Timer Mode TO1M (PWM?2) Input Clock Input Clock FF1IS
(for 8-bit timer x 2 channels) (T23M) T1CLK TOCLK (FF3IS)
(T3CLK) (T2CLK)
16-b|tt|m.er 01 _ _ (4T1,4, 16) _
(full 16 bits) x 1ch
8-bit timer
(.8-b|t X 8-bit rrlwde X 1ch) 00 _ 00 (4T1, 4, 16) 0: lower tllmer
(inputs lower timer comparator 1: upper timer
output to upper timer)
8-bit timer x 2ch 00 - (4T1, 16, 256) (4T1,4,16) | O:lowertimer
1: upper timer
8t v FPPGx 1ch 10 - - (4T1,4,16) -
8-bit PWM x 1ch (lower) .
11 PWM interval (¢T1, 16, 256) (¢T1,4,16) -
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3.9 16-BitTimers
TMP94C251 incorporates four multi-function 16-bit timer/event counters (timers 4, 6, 8 and A).
e 16-bitinterval timer mode
o 16-bit event counter mode
o 16-bit programmable pulse generation (PPG) output mode
o Frequency measurement mode
¢ Pulse width modulation (PWM) mode
o Time differential measurement mode

The timer/event counters have a 16-bit up-counter, two 16-bit timer registers (one with a double-
buffer configuration), two 16-bit capture registers, two comparators, capture input control, and timer
flip-flops and accompanying F/F control circuit.

The timer/event counter is controlled by four control registers: TAMOD/T6MOD/ TSMOD/TAMOD,
TAFFCR/T6FFCR/T8FFCR/TAFFCR, T1I6RUN and T16CR.

Figure 3.9 (1), (2), (3), (4) is a block diagram of a 16-bit timer/event counter (timer 4, 6, 8, A).
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Figure 3.9 (1) 16-Bit Timer Block Diagram (Timer 4)
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T4MOD
(0098H)

7 ¢ 6 i 5 i a4 i 3 i 2 i 1 i 9
bit Symbol : | CAPA4IN i CAP45M1:CAPASMO: CLE | TACLK1 | TACLKO
Read/Write Poow RIW PORW RIW
After reset _ - 0 0 0 : 0 0

EO: Soft- Capture timing 1: Uca ESource clock
: Capture: 00: Disable i Clear :00:Tl4
Function “:don't :01:T4T TI5T i Enable :01: ¢T1
i ocare  (10:T4T T4 $10: ¢T4
S11: TFF1 ] TFF1 S11: 4T16

L »Timer 4 input clock

00 |External input clock (T14)
01 | ¢T1(8/fc)

10 | ¢T4 (32/fc)

11 | ¢T16 (128/fc)

L »Up-counter UC4 clear

0

Disables up-counter clear.

1

Clears by match with TREGS.

Figure 3.9 (5) 16-Bit Timer Mode Control Register (TAMOD) (1/2)
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T4MOD
(0098H)

6 5 i 4 i 3 i 2 i 0
bit Symbol { CAP4IN :CAP45M1:CAP4SMO: CLE | T4CLKI L TaCLKO
Read/Write Poow RIW fORW RIW
After reset : - 0 ' 0 0 0 ' 0
EO: Soft- ECapture timing 1: UcCa ESource clock
¢ Capture: 00: Disable Clear :00 :Tl4
Function ‘:don't :01:TI4T TI5T i Enable i 01 : ¢TI
i care  110:TI4T T4] 10 :4T4
S11:TFFIY TFF1) 11 : 4T16
'| i .
—> Timer 4 capture timing
Capture control INT4 control
00 ([Capturedisable
CAP4 on TI4 rising|INT4
01 o generated on s
____________ cAPSonTlsTeng .|mansing L
CAP4 on TI4 rising INT4
10 generated on
CAP5onTl4falling  |Ti4 falling 'R
CAP4 on TFF1 rising |INT4
11 _ generated on
CAP5on TFF1 falling |1j4 rising
L > Software capture
0 [Loadsup-counter 4 value to CAP4.
1 |Alwaysread as “1”.

Figure 3.9 (6) 16-Bit Timer Control Register (T4AMOD) (2/2)
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7 ¢ 6 i 5 i 4 i 3 i 2 i 1 i 9
TAFFCR |bit Symbol ! CAP5T4 : CAP4T4 | EQS5T4 | EQ4T4 | TFFACT | TFFACO
(0099H) [ peadrite P RW I RW  RW | RW | w
After reset 0 0 0 0 -
: :TFF4 invert trigger 00 Invert TFF4
: :0: Disable trigger :01:Set  TFF4
Function :1: Enable trigger :10: Clear TFF4
‘Atloading :Atloading At match :Atmatch 11:don‘tcare
gof up- éof up- ébetween ébetween E*Always readas “11"
icounter icounter iup- ‘up- ;
valueto ivalueto icounter icounter :
:CAP5 :CAP4 :and TREG5 :and TREG4:
I |

]

|-> Timer flip-flop 4 (TFF4) control

00 |Inverts TFF4 value (software invert).

11 |Don't care (Alwaysread as “11")

—> Timer flip-flop 4 (TFF4) invert trigger

0 |Triggerdisable (invert disabled)

1 |Trigger enable (invert enabled)

CAP5T4 : Atloading of up-counter value to CAP5
CAPAT4 : Atloading of up-counter value to CAP4
EQ5T4 : Atmatch between up-counter and TREG5
EQ4T4 : At match between up-counter and TREG4

Figure 3.9 (7) 16-Bit Timer 4 F/F Control (TAFFCR)
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7 ¢ 6 i 5 i a4 i 3 L 2 i 1 i 9
T6MOD | bit Symbol | CAP7T7 | EQ7T7 : CAP6IN :CAP67M1:CAP67MO: CLE | T6CLK1 i T6CLKO
(00A8H) g eadwrite RAW Poow RIW PORW RIW
After reset o i o ¢ - i 0o f{ o f{ o i 0o i o0
TFF7 invert trigger  :0: Soft- Capture timing £1:UC6 Source clock
0: Disable trigger : Capture: 00 : Disable : Clear :00:TI6
Function |1: Enable trigger 1 donyt (01:TI6T TI71 i Enable :01: ¢T1
Atloading :At match care 10 fTIGT Ti6 | 103 $T4
ofup-  'between | 11:TFF1D TFR1 [ 11:4T16
counter  iup- : g
valueto :counter :
CAP7 ‘and TREG7: 5
L

— > Timer 6 input clock

00 |External input clock (TI6)

11 | ¢T16 (128/fc)

L 5 Up-counter UC6 clear

0 [Disables up-counter clear.

1 |Clears by match with TREG?7.

Figure 3.9 (8) 16-Bit Timer Mode Control Register (T6MOD) (1/2)
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7 ¢ 6 i 5 i a4 i 3 i 2 i 1 i 9
T6MOD |bit Symbol | CAP7T7 | EQ7T7 | CAPGIN :CAP67M1:CAP67MO: CLE : T6CLK1 ; T6CLKO
(00A8H) peadvrite RIW Poow RIW fORW RIW
After reset o i o { - i 0o f{ o i o f 0o i o0
TFF7 invert trigger  :0: Soft- ECapture timing {1:Uce Source clock
0: Disable trigger i Capture;00 : Disable : Clear :00:TI6
Function |4. gnable trigger 1:don't ;?; f;:gT ::;’I‘ ;  Enable :01:4T1
At loading i At match care ;11 :TFFI1r1‘ TFF‘1|"|, : 10 $T4
of up- ‘between P § : 11:4T16
counter  iup- : :
valueto :counter :
CAP7 :and TREG7: :
[ | |

—> Timer 6 capture timing

Capture control INT6 control

00 ([Capturedisable

CAP6 on TI6 rising |INT6
01 generated

CAP7 on TI7 rising onTI6 rising £
CAP6 on TI6 rising |INT6

10 generated on
CAP7onTi6 falling  |Ti6 falling RS
CAP6 on TFF1 rising |INT6

11 generated on

CAP7 on TFF1 falling  [TI6 rising

L » Software capture

0 |Atloading of up-counter 6 value to CAP6

1 |Always read as

111 "

Invert trigger of timer flip-flop 7 (TFF7)

0 (Triggerdisable (invert disabled)

1 |Trigger enable (invert enabled)

CAP7T7 : Atloading of up-counter value to CAP7
EQ7T7 : Atmatch between up-counter and TREG7

Figure 3.9(9) 16-Bit Timer Control Register (T6MOD) (2/2)
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7 ¢ 6 i 5 i a4 i 3 i 2 i 1 i 9
TGFFCR |bit Symbol | TFF7C1 | TFF7CO | CAP7T6 : CAP6T6 : EQ7T6 : EQ6T6 : TFF6CT ; TFF6CO
(00AIH) peadvrite w P RW I RW  RW | RW | w
After reset o i o { o i o i o i 0o @ -
00: Invert TFF7 {TFF6 invert trigger :00: Invert TFF6
01:Set  TFF7 :0: Disable trigger 01:Set  TFF6
Function [10: Clear TFF7 :1: Enable trigger i10: Clear TFF6
11: don’t care ‘Atloading :Atloading :At match :Atmatch :11:don’tcare
: _ : _ : ‘between :
*Alwaysread as “11” Eofup Eofup Ebetween ‘up- ‘*Alwaysread as “11”
icounter icounter iup- ‘counter .
ivalueto ivalueto :counter :jnd TREG6:
iCAP7  iCAP6  iand TREG7: :

| | i
]

|-> Timer flip-flop 6 (TFF6) control

00 |Inverts TFF6 value (software invert).

11 |Don't care (Alwaysread as “11")

—> Timer flip-flop 6 (TFF6) invert trigger

0 |Triggerdisable (invert disabled)

1 |Trigger enable (invert enabled)

CAP7T6 : Atloading of up-counter value to CAP7
CAP6T6 : Atloading of up-counter value to CAP6
EQ7T6 : Atmatch between up-counter and TREG7
EQ6T6 : At match between up-counter and TREG6

Timer flip-flop 7 (TFF7) control

00 |Inverts TFF7 value (software invert).

11 |Don’t care (Alwaysread as “11")

Figure 3.9 (10) 16-Bit Timer 6 F/F Control (T6FFCR)
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7 ¢ 6 i 5 i a4 i 3 i 2 i 1 i 9
T8MOD | bit Symbol | CAPSIN :CAPBIM1:CAPBIMO: CLE | T8CLK1 ; T8CLKO
(00B8H)[ peadwrite Poow RIW POoRW RIW
After reset - 0 0 0 0 0
EO: Soft- Capture timing 1: UC8 Source clock
Capture: 00 : Disable i Clear :00:TI8
Function 1 don't 501 :TIBT TI9T Enable 501: 4T1
- : (10:TIBT TI8 5 £10: 4T4
care : :
SU1:TFRIP TFR1) T11: 4T16
[

— > Timer 8 input clock

00 |External input clock (TI8)

11 | ¢T16 (128/fc)

Up-counter UC8 clear

0 [Disables up-counter clear.

1 |Clears by match with TREG9.

Figure 3.9 (11) 16-Bit Timer Mode Control Register (TSMOD) (1/2)
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7 6 i 5 i a4 i 3 i 2 i 1 i Q9
T8MOD | bit Symbol ! CAPBIN :CAPBOM1:CAP8IMO: CLE | T8CLK1 ; T8CLKO
(00B8H)[eadnrite Pow RIW PORW RIW
After reset - 0 0 0 0 0
:0: Soft- ECapture timing {1:UCs Source clock
; i Capture:00 : Disable ! Clear :00:TI8
Function “:don't (01:TBT TIOT  :  Enable :01:¢T1
' i care (10:TIBT T8 § 110 : 4T4
S1:TFFID TFR1) 111: 4716
L

—> Timer 8 capture timing

Capture control INTA control

00 ([Capturedisable

CAP8 on TI8 rising|INT8
01 o generated —
CAP9 on TI9rising onTI8 rising ",

CAP8 on TI8 rising|INT8

10 generated on
CAP9onTI8 falling  |TI8 falling RS
CAP8 on TFF1 rising |INT8

11 generated on

CAP9 on TFF1 falling  [TI8 rising

L » Software capture

0 |Atloading of up-counter 8 value to CAP8

1 |Always read as

111 "

Figure 3.9 (12) 16-Bit Timer Control Register (TSMOD) (2/2)
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7 ¢ 6 i 5 i a4 i 3 i 2 i 1 i 9
T8FFCR |bit Symbol ! CAPOT8 : CAPST8 : EQOT8 : EQ8T8 | TFF8C1 ; TFF8CO
(00B9H)| peadwrite P RW I RW  RW | RW | W
After reset 0 0 0 0 -
: ETFF8inverttrigger EOO:Invert TFF8
:0: Disable trigger i01:Set  TFF8
: i1: Enable trigger :10: Clear  TFF8
Function : :Atloading ; At loading : At match Eﬁtmatch :11: dont care
: : - : - : :between :
iofup iofup :between up- *Always read as " 11"

icounter  :counter  :up- ‘counter
valueto ivalueto icounter i, TREGS:
{CAP9 :CAP8 ‘and TREGY: :

| |
|

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

00 |Inverts TFF8 value (software invert).

11 |Don't care (Alwaysread as “11")

—> Timer flip-flop 8 (TFF8) invert trigger

0 |Triggerdisable (invert disabled)

1 |Trigger enable (invert enabled)

CAP9T8 : Atloading of up-counter value to CAP9
CAP8T8 : Atloading of up-counter value to CAP8
EQI9T8 : Atmatch between up-counter and TREG9
EQ8T8 : At match between up-counter and TREG8

Figure 3.9 (13) 16-Bit Timer 8 F/F Control (T8FFCR)
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7 ¢ 6 5 i a4 i 3 i 2 i 1 i 9
TAMOD| bit Symbol | CAPBTB i EQBTB : CAPAIN :CAPABM1T:CAPABMO: CLE | TACLK1 i TACLKO
(00C8H)f g eagnwrite RAW Poow RIW PORW RIW
After reset o ¢ o ¢ 1 i o i o f{ o i 0o i 0
TFFB invert trigger  :0: Soft- Capture timing 1: UCA Source clock
0: Disable trigger Capture: 00 : Disable Clear :00:TI6
Function |1: Enable trigger 1 don't (O1:TIAT TIBYT i Enable :01: ¢T1
Atloading Atmatch | care 10 fTIAT nal 103 #14
ofup-  ibetween | 11:TFF1D TFR1 [ 11:4T16
counter  iup- : g
valueto :counter :
CAPB ‘and TREGB: 5
L

— > Timer A input clock

00 |[External input clock (TIA)

11 | ¢T16 (128/fc)

L, Up-counter UCAclear

0 [Disables up-counter clear.

1 |Clears by match with TREGB.

Figure 3.9 (14) 16-Bit Timer Mode Control Register (TAMOD) (1/2)
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2 Y S S A S R R
TAMOD| bit Symbol | CAPBTB | EQBTB : CAPAIN :CAPABM1T:CAPABMO: CLE i TACLK1 ; TACLKO
(00C8H)[geadnrite RIW Y RIW PORW RIW
After reset o i o { - i 0o f{ o i o f 0o i o0
TFFBinverttrigger  :0: Soft- ECapture timing {1: UCA Source clock
0: Disable trigger Capture 00 : Disable Clear 00 : TIA
Function |4. gnable trigger 1:don't ;?; f;:ﬁ’l‘ ::i’r ;  Enable :01:4T1
Atloading (At match @ "¢ ;11 :TFF1T'|‘ TFF1‘|,‘|, : 10 $T4
of up- ‘between : P § : 11:¢T16
counter  iup- : :
valueto :counter :
CAPB :and TREGB! :
[ | |

—> Timer A capture timing

Capture control INTA control

00 ([Capturedisable

CAPA on TIA rising |INTA
01 o generated _
CAPB on TIB rising onTIA rising A

CAPA on TIA rising |INTA

10 generated on
CAPBonTIAfalling  |TIA falling RS
CAPA on TFF1 rising [INTA

11 generated on

CAPB on TFF1 falling  [TIA rising

L > Software capture

0 |Atloading of up-counter A value to CAPA

1 |Always read as

111 "

Invert trigger of timer flip-flop B (TFFB)

0 (Triggerdisable (invert disabled)

1 |Trigger enable (invert enabled)

CAPBTB : Atloading of up-counter value to CAPB
EQBTB : Atmatch between up-counter and TREGB

Figure 3.9 (15) 16-Bit Timer Control Register (TAMOD) (2/2)
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TAFFCR
(00C9H)

7 6 5 i 4 i 3 i 2 i 1 i 0
bit Symbol | TFFBC1 i TFFBCO i CAPBTA i CAPATA i EQBTA i EQATA : TFFAC! ; TFFACO
Read/Write w P RW I RW  RW | RW | w
After reset o { o { o i o i o i 0o @ -

00: Invert TFFB {TFFA invert trigger :00: Invert TFFA
01:Set  TFFB :0: Disable trigger 01:Set  TFFA
Function [10: Clear TFFB :1: Enable trigger i10: Clear TFFA
11: don’t care ‘Atloading :Atloading :At match :Atmatch :11:don’tcare
: _ : _ : ‘between :
*Alwaysread as “11” Eofup Eofup Ebetween ‘up- ‘*Always read as “11”
icounter icounter :up- ‘counter
ivalueto ivalueto counter jnq :
:CAPB CAPA  iand TREGBITREGA :
I I

]

|-> Timer flip-flop A (TFFA) control

00 |Inverts TFFA value (software invert).

11 |Don't care (Alwaysread as “11")

—> Timer flip-flop A (TFFA) invert trigger

0 |Triggerdisable (invert disabled)

1 |Trigger enable (invert enabled)

CAPBTA : Atloading of up-counter value to CAPB
CAPATA: Atloading of up-counter value to CAPA
EQBTA : Atmatch between up-counter and TREGB
EQATA : At match between up-counter and TREGA

Timer flip-flop B (TFFB) control

00 |Inverts TFFB value (software invert).

11 |Don’t care (Alwaysread as “11")

Figure 3.9 (16) 16-Bit Timer A F/F Control (TAFFCR)
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T16RUN
(009EH)

T16CR
(009FH)

7 4 1 3 i o2 i1 io0
bit Symbol | PRRUN ! TARUN i TBRUN : TERUN : T4RUN
Read/Write R/W RIW
After reset 0 : 0 0 0 0
Prescaler S16-BitTimer RUN /STOP CONTROL
Function | 0:STOP :0:STOP & Clear
1:RUN 1: RUN (Count up)
| I I
|—>16-bit timer (timer 4) operation
0 |[Stopandclear
1Coun‘tup ...........................................
L 16-bit timer (timer 6) operation
0 |Stop and clear
1Countup ...........................................
L > 16-bit timer (timer 8) operation
0 |Stop and clear
1Countup ...........................................
L > 16-bit timer (timer A) operation
0 |[Stopandclear
1Coun‘tup ...........................................
Figure 3.9 (17) 16-Bit Timer Operation Control Register (TT6RUN)
7 4 ;3 i 2 i1 10
bit Symbol : DBAEN : DBBEN : DB6EN : DBAEN
Read/Write : RIW
After reset : 0 0 0 0
] 1 Double buffer Enable
Function :
'|
\—>Double-buffercontrol
0 |Disable
1 ....... E nable ................................................

Figure 3.9 (18) 16-Bit Timer (4, 6, 8, A) Control Register (T16CR)
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Up-counter

The up-counter is a 16-bit binary counter that counts up using the input clock specified by 16-
bit timer mode control registers TAMOD<T4CLK1, 0>, T6MOD <T6CLK1, 0>,
T8MOD <T8CLK1, 0> and TAMOD <TACLK1,0>.

The input clock is selected from internal clocks ¢T1,4T4, and ¢16 output from the 9-bit
prescaler (sharedd with the 8-bit timers), or the external clocks output from pin TI4 (also used as
PD1/INT4), pin TI6 (also used as PD5/INT6), pin TI8 (also used as PE1/INTS), and pin TIA (also
used as PE5/INTA). A reset initializes <T4CLK1, 0>/<T8CLK1, 0>/<T9CLK1,
0>/<TACLK1, 0> to “00”, selecting an external input clock on pin TI4/T16/TI8/TIA as the input
clock.

To control the count, stop, and clear functions for the counter, use timer control register
T16RUN <T4RUN,T6RUN,T8SRUN,TARUN >.

If up-conter clearing is enabled, up-counter UC4/UC6/UC8/UCA is cleared to 0 when up-
counter UC4/UC6/UC8/UCA matches timer register TREG6/TREG7/ TREG9/TREGB. The clear
enable/disable is set with TAMOD<CLE>, T6MOD <CLE>, TSMOD<CLE>, and
TAMOD<CLE>.

When clear disable is set, the couner operates as a free-running counter.
Timer registers

Each timer has two internal 16-bit registers for setting counter values. When the value set in
the timer register matches the value of the up-counter UC4/UC6/UC8/UCA, the comparator
match detect signal is activated.

Data set to timer register TREG4, TREG5/TREG6, TREG7/TREG8, TREG9 TREGA, TREGB
uses the 2-byte data load instruction, or the 1-byte data load instruction twice; first to write data

to the lower eight bits, then to write data to the upper eight bits.

TREG 4

upper eight bits

lower eight bits

TREG 5

000091H

000090H

TREG 6

upper eight bits

lower eight bits

upper eight bits

lower eight bits

000093H

000092H

TREG 7

0000A1TH

0000AOH

TREG 8

upper eight bits

lower eight bits

upper eight bits

lower eight bits

0000A3H

0000A2H

TREG 9

0000B1H

0000BOH

TREG A

upper eight bits

lower eight bits

upper eight bits

lower eight bits

0000B3H

0000B2H

TREGB

0000C1H

0000COH

upper eight bits

lower eight bits

0000C3H

0000C2H

94C251-130




TOSHIBA TMP94C251

Timer registers TREG4, TREG6, TREG8, and TREGA have a double-buffer configuration
and are paired with a register buffer. Timer registers TREG4/TREG6/TREG8/TREGA
enable/disable the double-buffer function using timer control register TL6CR<DB4EN, DB6EN,
DB8EN, DBAEN >. Setting <DB4EN, DB6EN, DBSEN, DBAEN > to 0 disables the double-
buffer; setting<DB4EN, DB6EN, 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 UC4/UC6/UC8/UCA and timer register
TREG5/TREG7/TREG9/TREGB.

A reset initializes TI6CR <DB4EN, DBGEN, DBSEN, DBAEN > to “0”, disabling the double-
buffer. When using the double-buffer, write data to the timer register and set <DB4EN, DB6EN,
DB8EN, DBAEN > to “1”, then write the next data to the register buffer.

TREG4/TREG6/TREG8/TREGA and the register buffer are allocated to the same addresses in
memory (000090H, 000091H/0000A0H, 0000A 1H/0000B0H, 0000B1H/0000C0H, 0000C1H).

When <DB4EN, DB6EN, DBS8EN, DBAEN >is set to “0”, the same value is written to
TREG4/TREG6/TREG8/TREGA and to their respective register buffers. When <DB4EN,
DB6EN, DB8EN, DBAEN > is set to “1”, the value is written to the register buffers only.
Therefore, disable the register buffers before writing the initial values to the timer registers.

As the timer registers are undefined after a reset, be sure to write data to the upper and lower

registers before using the timers.
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®  Capture register

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

load instruction twice; first to read data from the lower eight bits, then to read data from the

upper eight bits.

CAP4

CAP5

upper eight bits

lower eight bits

upper eight bits

lower eight bits

000095H

000094H

CAP6

000097H

000096H

CAP7

upper eight bits

lower eight bits

upper eight bits

lower eight bits

0000AS5H

0000A4H

CAP 8

0000A7H

0000A6H

CAP9

upper eight bits

lower eight bits

upper eight bits

lower eight bits

0000B5H

0000B4H

CAP A

0000B7H

0000B6H

CAPB

upper eight bits

lower eight bits

upper eight bits

lower eight bits

0000C5H

0000C4H

0000C7H

0000C6H

@  Capture input control

The capture input control circuit controls the timing to latch the up-counter
UC4/UC6/UC8/UCA value to capture registers CAP4, CAP5/CAP6, CAP7/CAP8, CAP9/CAPA,
CAPB.

Set the capture register latch timing using TAMOD <CAP45M1, 0>/T6MOD <CAP67M1,
0>/T8MOD <CAP89M1, 0>/TAMOD <CAPABM1, 0>.

® When T4MOD<CPA45M1, 0>/T6MOD<CAP67M1, 0>/T8MOD<CAP89MI,
0>/DAMOD <CAPABM]1, 0> =“007",

the capture function is disabled. Resetting disables the capture function.

®¢ When T4MOD<CPA45M1, 0>/T6MOD<CAP67M1, 0>/T8MOD<CAP89MI1,
0>/DAMOD <CAPABM1, 0> = “01”,
On the TI4(also used as PD1/INT4)/TI6(also used as PD5/INT6)/TI8(also used as
PE1/INT8)/TIA(also used as PE5/INTA) input rising edge, the up-counter value is loaded to
capture register CAP4/CAP6/CAP8/CAPA. On the TI5(also used as PD2/INT5)/TI7(also used as
PD6/INT7)/TI9(also used as PE2/INT9)/TIB(also used as PE6/INTB) input rising edge, the up-
counter value is loaded to capture register CAP5/CAP7/CAP9/CAPB. (Time differential

measurement)
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®

When T4MOD <CPA45M1, 0>/T6MOD <CAP67M1, 0>/T8MOD <CAP89M1, 0>/DAMOD
<CAPABM1, 0> = “10”,

On the TI4/TI6/TI8/TTA input rising edge, the up-counter value is loaded to capture register
CAP4/CAP6/CAP8/CAPA. On the input falling edge, the up-counter value is loaded to capture
register CAP5/CAP7/CAP9/CAPB. In this mode only, interrupt INT4/INT6 is generated on a

falling edge. (Pulse width measurement)

When T4MOD<CPA45M1, 0>/T6MOD<CAP67M1, 0>/T8MOD <CAP89M1, 0>/DAMOD
<CAPABM1,0> = “11",

On the timer flip-flop TFF1 rising edge, the up-counter value is loaded to capture register
CAP4/CAP6/CAP8/CAPA. On the falling edge, the up-counter value is loaded to capture register
CAP5/CAPT7/CAP9/CAPB.

The up-counter value can also be loaded to a captue register on a software request. When “0” is
written to T4AMOD<CAP4IN>/T6MOD <CAP6IN>/T8MOD <CAPS8IN>/TAMOD
<CAPAIN >, the up-counter value at that time is loaded to capture register CAP4/CAP6/CAP8
/CAPA. The prescaler must be set to RUN (set TLBRUN <PRRUN > to “1”).

Comparator

A 16-bit comparator compares the up-counter UC4/UC6/UC8/UCA value with the value setin
the timer register (TREG4, TREG5/TREG6, TREG7/TREG8, TREG9/TREGA, TREGB) to detect
amatch.

On detection of a match, the comparator generates interrupt INTTR4/INTTR5,
INTTR6/INTTR7, INTTR8/INTTR9, INTTRA/INTTRB. Only a match with TREG5/TREG7/
TREG9/TREGB clears up-counter UC4/UC6/UC8/UCA. (Setting T4AMOD <CLE >/T6MOD
<CLE>/T8MOD <CLE >/TAMOD < CLE > to “0” disables UC4/UC6/UC8/UCA clearing.)

Timer flip-flop TFF4/TFF6/TFF8/TFFA

This flip-flop is inverted by a match detect signal from the comparator and a latch signal to
the capture register.

Enable or disable the invert for each interrupt source usingTAFFCR<CAP5T4, CAP4T4,
EQ5T4, EQAT4>/T6FFCR<CAP7T6, CAP6T6, EQ7T6, EQ6T6>/ TSFFCR<CAPITS,
CAP8TS, EQ9T8, EQ8T8 >/TAFFCR<CAPBTA, CAPATA,EQBTA, EQATA >,

To invert TFF4/TFF6/TFF8/TFFA write “00” to TAFFCR<TFF4C1, 0>/ T6FFCR<TFF6C1,
0>/T8FFCR<TFF8C1, 0>/TAFFCR<TFFAC1, 0>. Writing “01” sets TFF4/TFF6/TFF8/TFFA
to 1;“10” clears TFF4/TFF6/TFF8/TFFA to 0.

The TFF4/TFF6, TFF8, TFFA value can be output to timer output pin TO4(also used as
PD0)/TO6(also used as PD4)/TO8(also used as PEQ)/TOA(also used as PE4).
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@  Timer flip-flop TFF7/TFFB

This flip-flop is inverted by a match detect signal between up-counter UC6/A and timer
register TREG7/B, and a latch signal to capture register CAP7/B.

Enable or disable the invert for each interrupt source using T6MOD<CAP7T7,
EQ7T7>/TAMOD<CAPBTB,EQBTB>.

To invert TFF7/B, write “00” to TBFFCR<TFF7C1,0>/TAFFCR <TFFBC1,0>. Writing
“01” sets TFF7/B to 1; “10” clears TFF7/B to 0.

The TFF7/B value can be output to timer output pin TO7 (also used as PC3)/ TOB (also used as
PC1).

Note : Only timer 6 and timer A contains this flip-flop (TFF7/TFFB).
(1) 16-Bit Timer Mode

Timers 4, 6, 8 and A operate independently. As both timers operate the same, the following

describes timer 4 only.
Example: Generate fixed-interval interrupts

Set an interval time in timer register TREGS5 and generate interrupt INTTRS5.

76543210
TIGBRUN « - X XX ---10 Stop timer 4.
INTET45 « 11001000 Enables INTTR5 (set to level 4) and disables INTTR4.
T8FFCR « 11000011 Disables trigger.
TSMOD « XX 1001 * * Sets input clock to an internal clock, and disables
(**=01,10,11) capture function.
TREGE « * * * # % * * & Setsinterval time.
k ok % ok ok ok ok K (16b|t5)
TIBRUN « 1 X XX - - -1 Starts timer 4.
Note: X;don’t care -;no change

(2) 16-Bit Event Counter Mode

Setting external clock TI4/TI6/TI8/TTA as an input clock in 16-bit timer mode results in an event
counter. To obtain a counter value, load the counter value into a capture register using “software
capture” and read the captured value from the capture register.

The counter counts up at the TI4/TT6/TI8/TIA input rising edge.

The TI4/T16/TI8/TIA pin is also used as PD1/INT4, PD5/INT6, PE1/INT8, PE5S/INTA.

Astimers 4, 6, 8 and A operate the same, the following describes timer 4 only.
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T16RUN
PDCR
INTETA45
TAFFCR
T4MOD
TREGH

+ ot

DR N

T16RUN

1

76543210
-XXX---0
11001000
11000011
XX100100
k ok ok ok ok ok ok %
d sk sk ok sk ok sk o
1XXX~---1

Stop stimer 4.

Sets PD1 to input mode.

Enables INTTR5 (level 4) and disables INTTRA4.
Disables trigger.

Sets input clock to TI4.

Sets the count (16 bits).

Starts timer 4.

Note: Setthe prescaler to RUN when using a 16-bit counter as an event counter.

(3)

16-Bit Programmable Pulse Generation (PPG) Output Mode

Astimers 4, 6, 8 and A operate the same, the following describes timer 4 only.
To enter PPG mode, set the device to invert timer flip-flop TFF4 and output the TFF4 value from the
TO4 pin (also used as PDO) at a match between up-counter UC4 and the TREG4/TREGS5 register value.

The following condition must be satisfied: (TREGA4 setting ) < (TREG5 setting).

T16RUN «
TREG4 «
TREGH  «
T1I6CR «
TAFFCR «
TAMOD «
PDCR «
PDFC «
T16RUN «

Note : X ; don’t care

Match with TREG4

X % % % ¥ X O
X % % % ¥ X O
X % % % % >X N

* ¥ % %

* ¥ % %

¥ % % %
=% % % % OO

10
XX1001%*=*

(**=01, 10, 11)
X---X--1
1XXX---1

[N

I

j

- ;no change

Stops timer 4.
Sets the duty. (16 bits)

Sets the interval. (16 bits)

Enables TREG4 double-buffer.

(Duty/interval modified by interrupt INTTR5)

Sets TFF4 to invert at detection of a match with
TREG4 or TREG5. Sets TFF4 initial value to “0".

Sets the input clock to the internal clock, and disable
the capture function.

Allocates PD0 to TOA4.

Starts timer 4.

] —

(interrupt INTTR4)

Match with TTREG5
(interrupt INTTR5)

Al

|

Pin TO4

I_:’:

U u

Figure 3.9 (19) Programmable Pulse Generation (PPG) Output Waveform
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Enabling the TREG4 double-buffer in this mode shifts the value of register buffer 4 to TREG4 when
TREGS5 matches UC4. Using the double-buffer facilitates output of waveforms with a low duty ratio.

I ]

match with TREG4 Up-counter =Q, Up-counter = Q,
tch with TREGS ﬂ
match wi [ shiftto TREGS
TREG4
(compare value) Q1 \X Q2
register buffer Q2 X Q3

TREG4 write

Figure 3.9 (20) Register Buffer Operation

The following is a block diagram of this mode.

T16RUN<T4RUN> TO4 (PPG output)
T_|!‘1l—> <J
$11—> 16-bit up-counter FIF
selector clear
¢9fr1:|4é—> T uca (TFF4)
T4MOD
<T4CLK1, 0> L
A4
. match .
16-bit comparator 16-bit comparator
AN AN
TREG4
VAN
selector
TREG4-WR —>
register buffer 4 TREG5
T16CR<DB4EN >
AN AN

internal bus

Figure 3.9 (21) 16-Bit PPG Mode Block Diagram
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(4) Capture Function Application Example

As timers 4, 6 8 and A operate the same, the following describes timer 4 only.

The following features of the 16-bit timer can be enabled or disabled as required: loading of up-
counter UC4 value to capture registers CAP4 and CAP5, inversion of timer flip/flop TFF4 on a match
detect signal from comparators CP4 and CP5, and outputting of TFF4 to pin TO4. Many functions can

be obtained by combining these features with interrupts. For example:
o) One-shot pulse output from the external trigger pulse
@  Frequency measurement
3  Pulse width measurement
@  Time differential measurement
@  One-shot pulse output from external trigger pulse

Set up-counter UC4 to free-running using internal clock input. Input the external trigger

pulse from pin TI4, and load the up-counter value to capture register CAP4 on the TI4 input
rising edge (set TAMOD <CAP45M1,0> to “01”).
On the TI4 input rising edge, add the value of capture register CAP4 at interrupt INT4 (¢) to the
delay time (d), and set timer register TREG4 to the sum of these values (¢ + d). Add the pulse
width of the one-shot pulse (p) to TREG4, and set TREGS5 to the result (¢ + d + p). On interrupt
INT4, set register TAFFCR <EQ5T4, EQ4T4> to “enable the inversion of timer flip-flop TFF4
only when the up-counter matches with TREG4 or TREG5”. On interrupt INTTRS5, disable the
inversion of timer flip-flop TFF8.

(> Sets counter to free-running.

count clock —MAMAAR. - - _ JUUUML _ - AR _ _ DA

(internal clock) c+d c+d+p
Tl4 input I I
(external trigger pulse) & loading to capture register 4 (CAP4)

INT4 generation

Al

match with TREG4

{ INTTRS5 generation
[}
Al i
|

. . I invert i
Disable invert on \ ! i

loading to CAP4 renable
ya

invert
enable

Match with TREG5

r

timer output pin TO4

delay time

(d) )

pulse width

Yoo

Figure 3.9 (22) One-Shot Pulse Output (With Delay)
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Setting Example : On pin TI4, output a 2ms one-shot pulse with a 3ms-delay after an external

trigger pulse.
Main setting Sets to free-running.
_ — Setsto countat ¢T1.
T4MOD « XX 101001
T Loads to CAP4 at Tl4 input rising edge.
T4FFCR « 11&&10
Clears TFF4 to 0.
Disables TFF4 invert.
PDCR ¢« X---X--1 l
PDFC ¢« X---X--1 ) Allocates PD0 to TOA4.
INTE45 ¢ - - --1100 Enables INT4 and disables INTTR4 and INTTR5.
INTET45« 1 00 0 000
| TIGRUN « 1 X X X - - -1 Starts timer 4.

Settings at INT4

[TREG4 « CAP4+3ms/4T1
TREGS <« TREG4+2ms/4T1
T4FFCR ¢ - - - - 11 - -
> Enables TFF4 invert on match with TREG4 or TREG5.

| INTET45¢« 1100 - - - - Enables INTTRS.

Settings at INTTR5

TAFFCR ¢ - ---00 - -

Disables TFF4 invert on match with TREG4 or TREG5.
INTET45« 1000 - - - - Disables INTTRS.
Note: X;don’t care - ;no change

If delay time is not required, invert timer flip-flop TFF4 by loading to capture register 4
(CAP4). Set timer register TREG5 to the sum of the one-shot pulse width (p) and the value of
CAP4 at interrupt INT4 (¢) (¢ + p). Enable TFF4 invert on match between TREG5 and up-
counter UC4. On interrupt INTTR5, disable the timer flip-flop TFF4 invert.
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count clock """""” """"" """""
C

(internal clock) C+p

Tl4 input
(external trigger pulse)

=  Loads to capture register CAP4
§ INT4 generation

Loads to capture register

1
1
1 1
i A INTTRS generation 1 CAPS:
match with TREG5 ] /" i
! H
1 ! 1
! invertenable ( i i
1 ! 1
timer output pin TO4 \i i
1
/oo pulse width ! /
enable invert at loading ! (p) ' Disables invert to prevent invert on
to CAP4 loading to CAP5.

Figure 3.9 (23) One-Shot Pulse Output (No Delay)

@  Frequency measurement

This mode is used to measure the frequency of the external clock. Input the external clock on
pin TI4 and measure its frequency with the 8-bit timers (timers 0,1) and the 16-bit timer/event
counter (timer 4).

Set the TI4 input as the timer 4 input clock, and load the value of up-counter UC4 to capture
register CAP4 when timer flip/flop TFF4 of the 8-bit timer (timer 0,1) rises, and to capture
register CAP5 when timer flip/flop TFF4 falls.

The frequency is determined from the difference between capture registers CAP4 and CAP5
at the 8-bit timer interrupts (INTTO or INTT1).

count clock ""”""” """"

(Tl4 input) ca c5
TFF1 . ; . I

: 1

c4 i [lca !

loading to CAP4 \ ! . ! :

1 1 H

1

' cs5 i cs5
loading to CAP5 \ E " : !]

| | | |

INTTO/INTT1

Figure 3.9 (24) Frequency Measurement

For example, if TFF1 is set to “1” for 0.5 s by the 8-bit timers, and the difference between
CAP4 and CAP5 is 100, the frequency is 100 + 0.5 [s]=200 [Hz].
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Note :

®

count clock I"""""l

(internal clock)

Tl4 (external pulse) |

load

load

INT4

Pulse width measurement

This mode is used for measuring the “high” level width of an external pulse. Input the
external pulse through pin TI4 and set the 16-bit timer/event counter to free-running count-up
using an internal clock. Load the up-counter UC4 value into capture register CAP4 and CAP5 on
the rising and falling edge respectively of the external pulse. Interrupt INT4 is generated on the
falling edge of pin TI4.

The pulse width can now be determined according to the difference between CAP4 and CAP5,
and the internal clock interval.

For example, if the difference between CAP4 and CAPS5 is 100 and the internal clock interval
is 0.8 us, the pulse width is 100 X 0.8 «s =80 us.

c4

C4

ing to CAP4

ing to CAP5

m— e i
(]
u1

Figure 3.9 (25) Pulse Width Measurement

Only in pulse width measurement mode where T4AMOD <CAP45M1,0> = “10”, external interrupt

INT4 is generated at the falling edge of pin TI4. In other modes, external interrupt INT4 is

generated at the rising edge.

Determine the “low” level width at the second INT4 using the difference between the value of C5

at the first interrupt and the value of C4 at the second interrupt.
Time differential measurement

This mode measures the time difference between the rising edge of the external pulses input
to pins T4 and TI5.

Set the 16-bit timer/event counter (timer 4) to free-running count-up using an internal clock.
When a rising edge is detected in the pulse on pin TI4, the up-counter UC4 value is loaded into
capture register CAP4 and interrupt INT4 is generated.

Similarly, when a rising edge is detected in the pulse on pin TI5, the up-counter UC4 value is
loaded into capture register CAP5 and interrupt INT5 is generated.

When the up-counter values are loaded to CAP4 and CAPS5, the time difference can be
determined from the difference between CAP4 and CAP5.
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(internal clock)

count clock """"" L
c4
J1

Tl4 input /

\\

/

L1

TI5 input {
loading to CAP4 \
loading to CAP5 \
INT4

INT5

yd

time difference

- =--1-----

= Ry R il I

Figure 3.9 (26) Time Differential Measurement

(5) Phase Output Mode

Set the up-counter UC4/6/8/A to free-running and output a signal with any phase differential. As

timers 4, 6, ,8 and A operate the same, the following describes timer 6 only.
A match between up-counter UC6 and TREGS6 or TREG7 inverts TFF6 or TFF7 respectively, and
outputs the invert values to TO6 and TO7 respectively.

counter
(free-running)

match with TREG6 /ﬂ

match with TREG7

TO6 —

TO7

Figure 3.9 (27) Phase Output

The following table shows the interval (counter overflow time) of the above waveform output.

16 MHz 20 MHz
¢T1 32.77 ms 26.214 ms
¢T4 131.07 ms 104.856 ms

¢T16 52429 ms 419.424 ms
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3.10 Serial Channel

TMP94C251 features two built-in serial input/output channels.
The serial channel operating modes are as follows:
¢ I/O interface mode —— Mode 0: Forreceiving and transmitting I/O data for
I/O extension, and for receiving and

transmitting synchronous I/O data signals
(SCLK).

receiver transmitter (UART)
mode

¢ Universal asynchronous Mode 1: 7-bit transmit/receive data
{ Mode 2: 8-bit transmit/receive data

Mode 3 : 9-bit transmit/receive data

Parity bits can be added in modes 1 and 2. Mode 3 has a wake-up function to start slave controllers
using serially linked master controllers (multi-controller system).

Figure 3.10 (1) shows the data formats (for one frame) in each mode.

* Mode 0 (I/0 interface mode)

o

o~
o
s
>
>
N
>
w
>
B
><
>
()]
>
~

<— transfer direction

* Mode 1(7-bit UART mode)

T\ O
\eeo oo DX

* Mode 2 (8-bit UART mode)

T\ X
T\ X

* Mode 3 (9-bit UART mode)
”"\start/(bitOX 1 X 2 X
”"\startl(bitOX 1 X 2 X 3 X

If bit8 =1, address (select code)
If bit8=0, data

w
[

YStop
Xparit) stop

X . ystop
X 7 X;arity)lstop

X 7 X 8 )Istop
X 7 XbitSYStop (IV\./.alke—up)

w
[=)]

w
[=)]

w
[=)]

n

w

> o< S > ><
D

> > > O>< > o<

> OS< > >< > o<
[=)]

[=3]

Figure 3.10 (1) Data Formats
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Serial channel buffer registers temporarily hold data to be transmitted or received (full-duplex),
allowing independent transmission and reception.

Note that in I/O interface mode, the serial clock (SCLK) is shared between reception and
transmission (half-duplex).

The buffer register for reception features a double-buffer configuration to prevent overrun error; an
extra frame holds data until the data are read by the CPU. That is, a receive buffer holds the data
already received, while the buffer register receives the next frame of data.

By using CTS and RTS (as no RTS pin is provided, a pin in any port must be controlled by software),
it is possible to halt data transmission until the CPU reads the data received after each frame
(handshake function).

In UART mode, a check function prevents data receive operations from starting due to erroneous
start bits being generated by noise or other interference on the line. The channel starts receiving data
only when the start bit is detected as normal in at least two of three samplings.

When the transmit buffer is empty, an INTTX interrupt is generated to request the CPU to supply
the next data to transmit. When the receive buffer has data to be read by the CPU, an INTRX interrupt
is generated.

When an overrun error, parity error, or framing error is detected at data reception, the
corresponding flag <OERR, PERR, FERR> is set in the control register (SCOCR/SC1CR) of the
relevant serial channel.

Serial channels 0 and 1 have a dedicated baud rate generator, which can set any baud rate by
dividing the frequency of internal input clocks (¢T0, 4T2, ¢T8, and ¢T32) from the 9-bit prescaler
(shared with 8/16 bit timers) by a value between 1 and 16.

In addition to the clock from the internal baud rate generator, an arbitrary baud rate can be
obtained from the external clock input (SCLKO0/1). Moreover, in I/O interface mode, a sync signal

(SCLKO0/1) can be input and data transfer performed using this external clock.
3.10.1 Control Registers

Each serial channel is controlled by three control registers (SCOCR, SCOMOD, and BROCR for

channel 0). Transmit/receive data are stored in a register in each channel (SCOBUTF for channel 0).
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Serial channel buffer registers temporarily hold data to be transmitted or received (full-duplex),
allowing independent transmission and reception.

Note that in I/O interface mode, the serial clock (SCLK) is shared between reception and
transmission (half-duplex).

The buffer register for reception features a double-buffer configuration to prevent overrun error; an
extra frame holds data until the data are read by the CPU. That is, a receive buffer holds the data
already received, while the buffer register receives the next frame of data.

By using CTS and RTS (as no RTS pin is provided, a pin in any port must be controlled by software),
it is possible to halt data transmission until the CPU reads the data received after each frame
(handshake function).

In UART mode, a check function prevents data receive operations from starting due to erroneous
start bits being generated by noise or other interference on the line. The channel starts receiving data
only when the start bit is detected as normal in at least two of three samplings.

When the transmit buffer is empty, an INTTX interrupt is generated to request the CPU to supply
the next data to transmit. When the receive buffer has data to be read by the CPU, an INTRX interrupt
is generated.

When an overrun error, parity error, or framing error is detected at data reception, the
corresponding flag <OERR, PERR, FERR> is set in the control register (SCOCR/SC1CR) of the
relevant serial channel.

Serial channels 0 and 1 have a dedicated baud rate generator, which can set any baud rate by
dividing the frequency of internal input clocks (¢T0, 4T2, ¢T8, and ¢T32) from the 9-bit prescaler
(shared with 8/16 bit timers) by a value between 1 and 16.

In addition to the clock from the internal baud rate generator, an arbitrary baud rate can be
obtained from the external clock input (SCLKO0/1). Moreover, in I/O interface mode, a sync signal

(SCLKO0/1) can be input and data transfer performed using this external clock.
3.10.1 Control Registers

Each serial channel is controlled by three control registers (SCOCR, SCOMOD, and BROCR for

channel 0). Transmit/receive data are stored in a register in each channel (SCOBUTF for channel 0).
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7 ¢ 6 i 5 4 3 2 1 1 0
s o bit Symbol TB8 CTSE RXE WU i SM1 SMO i SC1 i SCO
COMOD .
Read/Write R/W
(00D2H) - - - : :
After reset | Undefined : 0 : 0 0 0 0 : 0 : 0
Transmit Hand Receive EWake—up ESeriaI transfer mode ;Serial transfer clock
databit8ishake  control  :function (00: I/Ointerface {(UART)
ifunction :0: receive :0:disable : mode {00: TO2 trigger
icontrol | gisable :1:enable 01: 7-bit UART mode 01: baud rate
Function :0: CTS {1: receive :10: 8-bit UARTmode :  generator
i disable! enable :11: 9-bit UART mode :10: internal clock @1
1: CTS : 11: external clock
i (SCLKO)

enable :

|
L.

Serial transfer clock (UART)

Timer 2 match detect signal

External clock (SCLKOQ)

Serial transfer mode

I/0 interface mode

£ 9-bit

——— > Wake-up function

9-bit UART Other modes
0 | Interruptif receive
1 [nterrupt only when|  don'tcare
RB8=1
Receive control

0 |Receive disable

1 |Receive enable

Handshake function (CTS pin) enable

o |Disable (transmission always
enabled)

1 [Enable

Note :SC1MOD (D6H) is provided for channel 1.

Transmit data bit 8

Figure 3.10 (2) Serial Mode Control Register (SCOMOD, Channel 0)
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7 6 : 5 4 i 3 i 2 10
SCOCR bit Symbol |  RB8 EVEN  PE OERR : PERR : FERR SCLKS : 10C
(00D1H) Read/Write R R/W R(Clear:ed to “0” whe:n read.) R/W
After reset 0 0 0 0 0 0 0
Recei ‘Pari i fo: :
de:elgis 523';2'(1 :Parity 1: Error : 0: SCLKO :0: Baud rate
ata DI B : H : i H
: raddition : (J ) generatol]
:1: Even : . PP : )
, : :0: disable : : P :1: SCLKO pin
Function {1: enable i Overrun  : Parity ! Framing ! 1: SCLKO input
: : : : e :
1)
l l | |
1 |
110 interface input clock select
0 |Baud rate generator
1 [SCLKO pin input
Edge select in SCLKOQ input operations
Data transmit/receive ( 5 )
0 at SCLKO rising edge
] PO PP
Data transmit/receive ( )
! at SCLKO falling edge
—— Framing error flag o
. Cleared to “0
——> Parity error flag when read.
—> Overrun error flag J
Parity addition enable
0 [Disable
1 |Enable
Even parity addition/check
0 [Odd parity
1 |Even parity
Receive data bit 8
Notes: SC1CR (D5H) is provided for channel 1.

As the error flags are all cleared after reading, when testing with a bit test
instruction, test more than just a single bit.

Figure 3.10 (3) Serial Control Register (SCOCR, Channel 0)

94C251-145



TOSHIBA TMP94C251

7 ¢ 6 i s i o4 i3 i 2 i 1 i o

BROCR | bit Symbol : BROCK1 : BROCKO : BROS3 : BROS2 : BROST : BROSO
(00D3HY Read/write RIW

After reset 0 0 0 0 0 0 0

£ 00: 470 (4/fc) :

01: T2 (16/fc) Sets divisor.
i 10: 478 (64/f¢)

§ 111 ¢T32 (256/fc)

Function Fixed to
"o

Sets baud rate generator divisor.

0000 |Divideby 16

§ Divide by 2to 15

——— > Baud rate generator input clock select

00 |Internal clock ¢TO (4/fc)

11 |Internal clock ¢ T32 (256/fc)

Notes: BR1CR (D7H) is provided for channel 1.
To use the baud rate generator, set TIT6RUN<PRRUN > to "1" and run the prescaler.
The baud rate generator frequency can be divided by 1in UART mode only. Do not use this

setting in 1/0O interface mode.

Figure 3.10 (4) Baud Rate Generator Control Register (BROCR, Channel 0)

7 6 5 4 3 2 1 0
TB7 | TB6 | TB5 | TB4 i TB3 : TB2 { TB1 | TBO | (transmit)

SCOBUF

DOH
( ) 7 6 5 4 3 2 1 0

RB7 : RB6 | RB5 : RB4 | RB3 | RB2 : RB1 i RBO | (receive)

Figure 3.10 (5) Serial Transmit/Receive Register (SCOBUF, Channel 0)
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7 6 5 4 3 2 1 0
bit Symbol TB8 CTSE RXE Wu SM1 SMO SC1 SCO
SC1MOD - .
Read/Write R/W
After reset | Undefined : 0 0 0 0 0 0 0
Transmit :Handshake :Receive  :Wake-up Serial transfer mode Serial transfer clock
data bit 8 : function  :control ifunction  :00: /O interfacemode  (UART)
: control :0: receive :0: disable :01: 7-bitUARTmode  :00: TO2 trigger
10: CTS disable 1: enable :10: 8-bitUARTmode  i01: baud rate generator
Function disable : 1: receive : i11: 9-bitUARTmode  110: internal clock ®1
(1: CTS enable : i11: external clock SCLK1
i enable
| | | | |

|

|—> Serial transfer clock (UART)

Timer 2 match detect signal

External clock SCLK1

Serial transfer mode

I/0 interface mode

——— > Wake-up function

1 |Receive enable

9-bit UART Other modes
.0 |Interruptif receive
1 |Interrupt only don’t care
when RB8 =1
Receive control
0 [Receivedisable

Handshake function (CTS pin) enable

Disable (transmission always

enabled)

Transmit

data bit8

Figure 3.10 (6) Serial Mode Control Register (SC1MOD, Channel 1)
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bit Symbol RB8 i EVEN : PE : OERR : PERR : FERR : SCLKS i 10C
SC1CR - ' . : * * : :
Read/Write R : R/W : R (Cleared to "0" when read.) : R/W
(OODSH) : : : : : : :
After reset : 0 : 0 : 0 : 0 : 0 : 0 : 0
Receive EParity EParity 0: SCLK1 O Baud
databit8:0: 0dd :addition 1t Error : (_f_> i rate
iTEven  0rdisable b :  genera
Function i1 enable : Overrun : Parity  : Framing @ - SCLK1 ; tor
: : : : : 51:SCLK1
| LG} e
: : i input
| ] ] ] ] l |

|—> 1/0 interface input clock select

0 |Baud rate generator

1 [SCLK1 pininput

—> Edge select in SCLK1 input operations

Data transmit/receive ( 5 )
at SCLK1 rising edge

Data transmit/receive ( 1 )
at SCLK1 falling edge

L——— Framing error flag
———> Parity error flag

Cleared to "0"
when read

——> OQverrun error flag

Parity addition enable
0 |Disable

1 |Enable

Even parity addition/check
0 |Odd parity

1 |Even parity

Receive data bit 8

Note : As the error flags are all cleared after reading, when testing with a bit test instruction,
test more than just a single bit.

Figure 3.10 (7) Serial Control Register (SC1CR, Channel 1)
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7 i 6 i s i a4 i 3 i 2 i 1 i o0
BR1CR |_bit Symbol { BRICK1 i BRICKO : BR1S3 i BR1S2 : BRIS1 : BR1SO
(00D7H)| Read/Write RIW
After reset 0 0 0 0 0 0 0

: : 00: $TO (4/fc)
Fixed to 01: ¢T2 (16/fc) : Sets divisor.
o ©10: T8 (64/fc)
' © 11 $T32(256/fc)

Function

Baud rate generator divisor setting
0000 |Divideby 16

0010 |Divideby2to15

L » Baud rate generator input clock selection

00 [Internal clock 4TO (4/fc)

11 Internal clock ¢T32 (256/fc)

Notes: To use the baud rate generator, set TIGRUN<PRRUN> to "1" and run the prescaler.
The baud rate generator frequency can be divided by 1 in UART mode only. Do not use
this setting in 1/0 interface mode.

Figure 3.10 (8) Baud Rate Generator Control Register (BR1CR, Channel 1)

7 6 5 4 3 2 1 0
TB7 : TB6 | TB5 | TB4 i TB3 i TB2 : TB1 | TBO | (transmit)

SC1BUF

00D4H
( ) 7 6 5 4 3 2 1 0

RB7 : RB6 : RB5 : RB4 i RB3 : RB2 : RB1 i RBO | (receive)

Figure 3.10 (9) Serial Transmit/Receive Buffer Register (SC1BUF, Channel 1)
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6 : 5 i 4

3

2 i 1 o0

PF6F PF5F PF4F

PF2F

PF1F PFOF

P
(003FH) | Read/Write

'

W

After reset

o i o i o0

o i o i 0

Function

i0: PORT :0:PORT :0:PORT
{1:CTST  i1:RxD1 :i1:TxD1
i SCLK1 5

:0: PORT :0:PORT :0:PORT
i1:CTSO  i1:RxDO :1:TxDO
i SCLKO : :

H H

|—>Sets

PFO to TxDO output

Portinput/output

TxDO0 Output

PF1to RxDO input

Portinput/output

RxDO Input

L s Sets

/output

PF2 to CTSO input or SCLKO input

Portinput/output

CTS0, SCLKO output

PF4 to TxD1 output

Portinput/output

TxD1 Output

PF5to RxD1 input

Portinput/output

RxD1 Input

/output

PF6 to CTS1 input or SCLK1 input

Portinput/output

CTS1, SCLK1 output

Figure 3.10 (10) Port F Function Register (PFFC)
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3.10.2 Configuration

Figure 3.10 (11) is a block diagram of serial channel 0. Serial channel 1 has the same circuit

configuration.

r--—- Serial clock generator circuit -——--------------------- 3

' external clock (SCLKO) g

1 1

[ TO2TRG [

i BROCIifiB_R_O_C_Kl, _0_>_ _ (timer 2 comparator output) i

i i <BR0OS3: 0>i g UART i

gT0 —i>] & ! L[ mode | s | SIOCLK

L gT2 —| & E ¢ L !

1

478 —= ¢ : ¢ ¢ |

4732 = ¢ | ; |

| : I |

i |__baudrate ___J * * |

| generator SCOMOD |

L g1 (fc/2) <sC1,0> $COMOD :

! s <SM1,0> |

1 € 1

! é I/Ointerface |

: +2 ¢ mode !

1 1
SCLKO inpuf ? '
(alsoused as | i
PF2) P L J

SCOCR
<l0C>
SCLKO [
output (also INTRXO0 INTTXO
used as PF2) A A
receive counter SCOMOD | serial channel transmit counter
(16in UART <WU> —| interrupt (16in UART
mode only) control mode only)
RXDCLK ¥ A TXDCLK ¥ A
SCOMOD ) < ) | <
<RXE>—> receive ransmit
coltrol < > control CTSO
SCOCR (also used as
<PE> <EVEN> PF2)
¢ SCOMOD < CTSE>
parity control
RxDOD——>| receive buffer 1 (shift register) |
(also used
asPF1)
| RB8 | RB8 receive buffer 2 (SCOBUF) ||errorf|ag | | TB8 |transmit buffer |—>E|TXD0
T 1 (also used as PFQ)
SCOCR
<OERR><PERR><FERR>
S internal bus S

Figure 3.10 (11) Serial Channel 0 Block Diagram
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@  Baud rate generator

The baud rate generator is a circuit to generate the transmission clock signals that control the
serial channel transmission rate.

The baud rate generator input clock is one of ¢T0 (4/fc), T2 (16/fc), 4T8 (64/fc), or ¢T32
(256/fc) from the 9-bit prescaler that the baud rate generator shares with the timers.

Bits 5 and 4 <BROCK1,0>/<BR1CK1,0> of the baud rate generator control register
(BROCR/BR1CR) select the input clock.

The baud rate generator features a built-in 4-bit divider. Set the transmission rate by
dividing the frequency by 1 to 16 using the divider.

Baud rates using the baud rate generator are determined as follows:

o UART mode .
Baud Rate = baud rate generator 11?p}1t clock 16
baud rate generator divisor

e I/O interface mode

baud rat tor input clock
Baud Rate = aud rate generator 11?p}1 cloc Lo
baud rate generator divisor

The relationship between the input clock and the source clock (fe) is:

¢TO = 4/fc

¢T2 = 16/fc
4T8 = 64/fc
¢T32 = 256/fc

Accordingly,with the source clock set to 19.6608 MHz, when ¢T2 (16/fc) is selected as input
clock and the divisor is 8, the baud rate in UART mode is:

Baud Rate :L;G +16

=19.6608X106+16-+8+16=9600 (bps)

Table 3.11 (1) shows examples of the baud rates in UART mode.

In UART mode, the serial channels use 8-bit timer 2 to obtain the baud rate. Table 3.11 (2)
shows examples of baud rates using timer 2.

Moreover, the external clock input can also be used as the serial clock. The baud rate in this

case is determined as follows.

Baud rate = external clock input +16
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Table 3.10 (1) UART Mode Baud Rate Selection (1) (Using Baud Rate Generator)

Unit: Kbps
Input Clock 470 $T2 T8 $T32
fc[MHzl | piyisor (4/fc) (16/fc) (64/fc) (256/fc)
18.432000 15 19.2000 4.800 1.200 0.300
19.660800 8 38.400 9.600 2.400 0.600
1 16 19.200 4.800 1.200 0.300

Note :In I/O interface mode, the transmission rate is eight times the values shown in this table.

Table 3.10 (2) UART Mode Baud Rate Selection (2) (Using Timer 2 Input Clock 4T1)

Unit: Kbps
fc 20 19.6608 16

TREG2 MHz MHz MHz

01H

02H 76.8 62.5

03H

04H 384 31.25

05H 31.25

06H

08H 19.2

OCH

10H 9.6

Baud rate calculation (using timer 2):

fc
TREG2X8X16

Transmission rate: =

(Where timer 2 input clock is ¢T1)
Input clocks for timer 0
¢T1 = 8/fc
¢T4 = 32/fc
¢T16 = 128/fc

Note :In I/O interface mode, the timer 2 match signal cannot be used as a transmission clock.
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Serial clock generator circuit

This circuit generates the transmit/receive basic clock.

In I/O Interface mode

In SCLK output mode where SCOCR/SC1CR <IOC > is set to “0”, the basic clock (SIOCLK)
is generated by dividing the output of the baud rate generator by 2.

In SCLK input mode where SCOCR/SC1CR <IOC> is set to “1” the basic clock is derived
from the rising or falling edge of the SCLK input, as determined by the setting of the
SCOCR/SC1CR<SCLKS> register.

In universal asynchronous receiver transmitter(UART) mode

Basic clock SIOCLK is selected from one of the following depending on the setting of the
<SC1,0> bits of the SCOMOD or SC1MOD register: the clock from the baud rate generator,
internal clock 41 (500K bps @ fc=16 MHz), a match detect signal from timer 2, or an

external clock.

Receive counter

The receive counter is a 4-bit binary counter that counts by the SIOCLK clock and is used in

universal asynchronous receiver transmitter (UART) mode. Sixteen cycles of SIOCLK are used

to receive one bit of data. The data are sampled three times: at the 7th, 8th, and 9th clock cycles.

The data received are checked by the majority rule applied to the three samples.
For example, if the sampled data bits are 1, 0, 1 at the 7th, 8th, and 9th clock cycles

respectively, the data are determined as “1”. If the samplings are 0, 0, 1, the data received are

determined as “0”.

Receive control section

In IO Interface mode

In SCLK output mode where SCOCR/SC1CR<IOC> is set to “0”, the RxDO0/1 pin is
sampled at the rising edge of the shift clock output on the SCLKO0/1 pin.

In SCLK input mode where SCOCR/SC1CR <IOC > is set to “1”, the RxD0/1 pin is sampled
at the rising or falling edge of SCLK input as determined by the setting of the
SCOCR/SC1CR<SCLKS> register.

In universal asynchronous receiver transmitter (UART) mode
The receive control section has a circuit for detecting the start bit by the majority rule. If
two or more Os are detected among three samples, the circuit recognizes the bit as a start bit

and begins receiving. Data being received are also checked by the majority rule.
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®  Receive buffer

The receive buffer has a double-buffer configuration to prevent overrun error. Receive buffer
1 (a shift register buffer) stores the data received bit by bit. When the receive buffer contains
seven or eight bits of data, the data are transferred to receive buffer 2 (SCOBUF/SC1BUF),
generating interrupt INTRX0/INTRX1.

The CPU reads only receive buffer 2 (SCOBUF/SC1BUF). Data can be stored in receive buffer
1 even before the CPU reads receive buffer 2.

However, receive buffer 2 must be read before all bits of the next data unit are received by
buffer 1. Otherwise, an overrun error occurs and the contents of receive buffer 1 are lost,
although the contents of receive buffer 2 and SCOCR<RB8>/SC1CR<RB8> are preserved.
Reading receive buffer 2 (SCOBUF/SC1BUF) clears interrupt request flags INTRX0 <IRX0C >
and INTRX1<IRX1C>.

In 8-bit UART mode with parity added, the parity bit is stored in SCOCR<RB8>/SC1CR
<RB8>. In 9-bit UART mode, the MSB is stored in SCOCR<RB8>/SC1CR<RB8>.

Setting SCOMOD <WU >/SCIMOD<WU> to “1” in 9-bit UART mode enables the slave
controller wake-up. Only when SCOCR<RB8>/SC1CR<RB8> is set to 1, interrupt
INTRX0/INTRX1 is generated.

® Transmit counter

The transmit counter is a 4-bit binary counter for use in universal asynchronous receiver
transmitter (UART) mode. Like the receive counter, the transmit counter counts by the SIOCLK

clock, generating transmission clock TxDCLK every 16 clock cycles.

sook JLILN LI LA NN A ANNDTRAANNTN

1516:;12345678910111213141516::12

TxDCLK n rl

Figure 3.10 (12) Transmission Clock Generation

@ Transmit control section

® InT/O interface mode
In SCLK output mode where SCOCR/SC1CR<IOC> is set to “0”, the data in the transmit
buffer is output bit by bit to the TxD0/1 pin at the rising edge of the shift clock output on the
SCLKO0/1 pin.
In SCLK input mode where SCOCR/SC1CR<IOC> is set to “1”, the data in the transmit
buffer is output bit by bit to the TxD0/1 pin at the rising or falling edge of SCLK input as
determined by the setting of the SCOCR/SC1CR<SCLKS > register.
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In universal asynchronous receiver transmitter (UART) mode
When the CPU writes data in the transmit buffer, transmission begins from the next rising
edge of the TxDCLK, generating transmission shift clock TxDSFT,

Handshake Function

The serial channels use the CTS pin to transmit data in units of frames, thus preventing an
overrun error. Use SCOMOD/SC1MOD <CTSE > to enable or disable the handshake function.

When CTS goes high, data transmission is halted after the completion of the current
transmission and is not restarted until CTS returns to low. An INTTXO interrupt is generated to
request the CPU for the next data to transmit. When the CPU writes the data to the transmit
buffer, processing enters standby mode.

An RTS pin is not provided, but a handshake function can easily be configured if the receiver
sets any port assigned to the RTS function to high (in the receive interrupt routine) after data

receive, and requests the transmitter to temporarily halt transmission.

TMP94C251 TMP94C251
TxD RxD
cTS RTS(any port)
transmitter receiver

Figure 3.10 (13) Handshake Function

Timing for writing data J_I_S(, £

to transmit buffer
____ ATransmission is (’(,
CTS | halted here.

13 14 15 16

3
sock  —s—LL1 Tl PR | I | I | | | |

TxDCLK —f [1 4 [1

—_

— L
— Y

C

D ' \ start bit A bit0

17

010289

Notes: (@ When the CTS signal rises during transmission, transmission of the next data
frame halts after transmission of the current data frame is complete.
(@ Transmission begins at the first TxDCLK clock falling edge after the CTS signal
falls.

Figure 3.10 (14) CTS (Clear to Send) Signal Timing
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®

Transmit buffer

Transmit buffer (SCOBUF/SC1BUF) shifts out and transmits the transmit data written by the
CPU, beginning with the least significant bit, using the transmission shift clock (TxDSFT)
generated by the transmission control section. When all bits are shifted out, the empty transmit
buffer generates interrupt INTTX0/INTTX1.

Parity control circuit

When serial channel control register SCOCR<PE>/SCICR<PE> is set to “1”7, data are
transmitted and received with parity. However, parity can be added only in 7-bit or 8-bit UART
mode. The SCOCR<EVEN >/SC1CR<EVEN > register selects even/odd parity.

At transmission, the parity control circuit automatically generates parity according to the
data written in the transmit buffer (SCOBUF/SC1BUF). In 7-bit UART mode, the parity bit is
stored in SCOBUF <TB7>/SC1BUF <TB7> prior to transmission. In 8-bit UART mode, parity
is stored in SCOMOD <TB8>/ SCIMOD <TB8> prior to transmission. Set both <PE> and
<EVEN > before writing the transmit data in the transmit buffer.

At receiving, data are first shifted into receive buffer 1. The parity control circuit
automatically generates parity according to the data transferred to receive buffer 2
(SCOBUF/SC1BUF). In 7-bit UART mode, the generated parity is compared with the received
parity in SCOBUF<RB7>/SC1BUF<RB7>. In 8-bit UART mode, the generated parity is
compared with the received parity in SCOCR<RB8>/SC1CR<RB8>. If the parities differ, a
parity error occurs and the SCOCR<PERR >/SC1CR<PERR > flag is set.

Error flags

Three error flags improve the reliability of data reception.

. 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 (SCBUF0/1), an overrun error occurs.

. Parity error <PERR>

The parity generated according to the data shifted into receive buffer 2 (SCBUFO0/1) is
compared with the parity bit received from the RxD pin. If the parities are not equal, a parity

€rror occurs.

. Framing error <FERR>

The stop bit of data received is sampled three times around the center. If the majority of the

samples are “0”, a framing error occurs.
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@  Signal Generation Timing

1) In UART Mode

Receive

Mode

9 Bit

8 Bit + Parity

8 Bit, 7 Bit + Parity, 7 Bit

Interrupt
generation timing

Center of last bit
(bit 8)

Center of last bit
(parity bit)

Center of stop bit

Framing error
generation timing

Center of stop bit

Parity error

Center of last bit

generation timing

stop bitissent

generation timing (parity bit)
Overrun error Center of last bit Center of last bit Center of stop bit
generation timing | (bit 8) (parity bit)
Transmit
Mode 9 Bit 8 Bit + Parity 8 Bit, 7 Bit + Parity, 7 Bit
Interrupt Immediately before
<« <«

2) In I/O Interface Mode

Transmission

SCLK output mode

(17))

Immediately after rise of last SCLK signal (See Figure 3.10

interrupt
generation timing

SCLK input mode

Immediately after rise of last SCLK signal (rising mode),
immediately after fall in falling mode (See Figure 3.10 (18))

Receive interrupt
generation timing

SCLK output mode

When received data are transferred to receive buffer 2
(SCOBUF/SC1BUF) (immediately after final SCLK)
(See Figure 3.10 (19))

SCLK input mode

When received data are transferred to receive buffer 2
(SCOBUF/SC1BUF) (immediately after final SCLK)
(See Figure 3.10 (20))
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3.10.3 Operation
(1) Mode 0 (I/0O Interface Mode)

This mode is used to increase the number of I/O pins for transmitting or receiving data to an external
shift register or other external destinations.
This mode consists of SCLK output mode for outputting a synchronous clock (SCLK), and SCLK

input mode for inputting a synchronous clock (SCLK) from an external source.

Output extension

Input extension

TMP94C251 shift register aA| — TMP94C251 shiftregister A <
B| — B| =—
TxD Sl C| — RxD QH C| =—
D| — D| =
SCLK SCK E| = SCLK CLOCK E| =
F| — F| =
Port RCK G| — Port S/L G| =«
H — H ——
eg, TC74HC595 eg, TC74HC165
Figure 3.10 (15) Example of SCLK Output Mode Connection
Output extension Input extension
TMP94C251 shiftregister A | — TMP94C251 shiftregister A <«
Bl — B| =
TxD Sl c|— RxD QH C| =
D| — D| <=
SCLK SCK E| — SCLK CLOCK E| =
F| — F| =
Port RCK G| — Port S/L G| =
H| — H| <

eg, TC74HC595

eg, TC74HC165

L external clock L— external clock

Figure 3.10 (16) Example of SCLK Input Mode Connection
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@O  Transmission

In SCLK output mode, each time the CPU transmits data to the transmit buffer, eight data
bits are output from the TxDO0/1 pin, and a synchronous clock signal is output from the SCLK0/1
pin. When all data are output, INTESO<ITX0C> / INTES1<ITX1C> is set, generating

interrupt INTTXO0/1.

Timing for writi_n_qﬂ\ «
transmit data N\ 7
SCLK output ~—t A L A LA LA L A
TxDO/1 X_bito X bit1 X ) X bit6 X bit7 X
TxDSFT n n 4 rl n I-I
(¢ |

ITXOC/ITX1C )
(INTTXO0/1 request)

Figure 3.10 (17) Data Transmission in I/O Interface Mode (SCLK Output Mode)

In SCLK input mode, 8-bit data are output from TxD0/1 pin when SCLK input becomes active
while data are written in the transmission buffer by CPU.
When all data are output, INTESQO <ITX0C >/INTES1 <ITX1C> is set, generating interrupt

INTTXO0/1.

SCLK input
(SCLKS =0 : l LA LA L A
rising-edge mode)

L A
et input e e’

galling—gdg'e mode)

(¢

00/ X bit0 X bit1 X(cbits X bit6 XBit7 X
1

TxDSFT n |-|_‘(, n n
ITXOC/ITX1C « |

(INTTXO0/1 request) ”

Figure 3.10 (18) Data Transmission in I/O Interface Mode (SCLK Input Mode)
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) Receiving
In SCLK output mode, whenever the CPU reads the received data and clears the receive
interrupt flag INTESO <IRX0C >/INTES1<IRX1C>, a synchronous clock is output from the
SCLKO/1 pin and the next data frame is shifted to receive buffer 1. When an 8-bit data frame has
been received, it is transferred to receive buffer 2 (SCOBUF/SC1BUF), and
INTESO <IRX0C>/INTES1<IRX1C > is set again, generating interrupt INTRX0/1.

IRXOC/IRX1C l \\ I {\

3
SCLK output -t 4 I A LS&—* L 4 L ¥
RxDO/1 bit 0 X bit1 )@itZ\H X bite X bit7 ¥
Timing for shifting INTRX0/1
data to receive generation M
buffer 2

Figure 3.10 (19) Data Receive in I/O Interface Mode (SCLK Output Mode)

In SCLK input mode, if SCLK is input after the CPU reads the received data and clears the
receive interrupt flag INTESO <IRX0C >/INTES1 <IRX1C >, the next data frame is shifted into
receive buffer 1. When an 8-bit data frame is received, the data are shifted to receive buffer 2
(SCOBUF/SC1BUF) and INTESO<IRX0C>/INTES1<IRX1C> is set again, generating

interrupt INTRX0/1.
SCLK input
SCLKS =0 : rising- LA L_A LA L_A
(edge mode)I "9 L“J
SCLK input o 2 s 0 e A
(SCLKS =1 : falling-
edge mode) («
RxDO/1 bito X bit1 Xbit2, X bite X bit7 Y
N
Timing for shifting INTRXO0/1—
data to receive generation
buffer 2

Figure 3.10 (20) Data Receive in I/O Interface Mode (SCLK Input Mode)

Note : To receive data in either SCLK input mode or SCLK output mode, first enable receive

(SCOMOD/SCIMOD <RXE > = “1”).
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(2) Mode 1 (7-bit UART mode)

Setting the serial channel mode register SCOMOD <SM1,0>/ SC1IMOD <SM1,0> to “01” specifies
7-bit UART mode.

A parity bit can be added in this mode. Enable or disable the addition of a parity bit by the serial
channel control register SCOCR<PE >/SCI1CR<PE > bit. With <PE> set to “1” (parity enabled),
select even or odd parity using SCOCR<EVEN >/SC1CR<EVEN >,

Example: When data are transmitted in the following format, the control registers are set as

follows. The example shows channel 0.

\startl(bitoX 1 X 2 X 3 X R X - X p ngﬁ{]y;)....

<—transmission direction (transmission rate: 2400 bps @ fc=19.6608 MHz)

PFCR € - - - - - -~ 1} setspro.as TxDO0 pin.
PFFC «--X---X1
SCOMOD « X 0 - X0101 Sets 7-bit UART mode.
SCOCR « X1 1XXXO00 Adds even parity.
BROCR « 0 X101000 Sets transmission rate to 2400bps.
TI6RUN « 1 X - - = - - = Starts prescaler for baud rate generator.
INTESO « 1100 - - - - Enablesinterrupt INTTX0 and sets interrupt level 4.
SCOBUF « * * #® #& % % % % Sets transmit data.
Note: X: don’t care - : no change
3) Mode 2 (8-bit UART mode)

Setting serial channel mode register SCOMOD <SM1,0>/ SC1MOD <SM1,0> to “10” selects 8-bit
UART mode. A parity bit can be added in this mode. Enable or disable the addition of a parity bit by
the serial channel control register SCOCR<PE>/SC1CR<PE> bit. With <PE> set to “1” (parity
enabled), select even or odd parity using SCOCR<EVEN >/SC1CR<EVEN >,

Example: When data are transmitted in the following format, the control registers are set as

follows. The example shows channel 0.

_\Start/(bitOX 1 X 2 X 3 X 4 X 5 X ; X > Xp%?ﬂyﬂ:)"“

<—transmission direction (transmission rate : 9600 bps @ fc = 19.6608 MHz)
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Main routine settings:
76543210
PFCR ¢ - - - - - - 0 - Sets PF1 (RxD0) as input pin.
SCOMOD « - 01X 1001 Sets 8-bit UART mode and enables reception.
SCOCR « X01XXXO00 Adds odd parity.
BROCR « 0 X 011000 Sets transmission rate to 9600bps.
TIGRUN « 1 X - - - - - - Starts prescaler for baud rate generator.
INTESO ¢« - - --1100 Enables interrupt INTRXO0 and sets interrupt level 4.

Interrupt routine processing example:

Acc « SCOCR AND 00011100

if Acc # 0 then ERROR

Acc « SCOBUF

Note : X :don’t care

(4) Mode 3(9-bit UART mode)

Setting the serial channel mode register SCOMOD <SM1,0>/SC1MOD <SM1,0> to “11” selects 9-

} Checks for errors.

Reads data received.

- :no change

bit UART mode. A parity bit cannot be added in this mode.

At transmission, the most significant bit (9th bit) is written to <TB8> of the serial channel mode
register. At receiving, the most significant bitis saved in <RB8> of the serial channel control register.

When data are written to or read from the buffer, the most significant bit is always read or written

first, followed by the SCOBUF/SC1BUTF register.

Wake-Up Function

In 9-bit UART mode, select the slave controller wake-up function by setting SCOMOD<WU> /

SCIMOD <WU >to “1”. Interrupt INTRX0/INTRX1 is generated only when <RB8> is set to 1.

H

TxD

master

RxD

TxD

slave 1

RxD TxD

slave 2

RxD

TxD RxD

slave 3

Note : Set, in the ODE register, the TxD pin of the slave controller to open drain output mode.

Figure 3.10 (21) Serial Link with Wake-Up Function
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Protocol

D

@

®

Configure the master controller and all slave controllers to 9-bit UART mode.

Set the SCOMOD <WU >/SC1MOD <WU > bit of each slave controller to “1” to enable data

reception.

The master controller transmits one frame with the most significant bit (bit 8) <TB8> set to

“1”, This frame contains the 8-bit select code of a slave controller.

Naare o YT XX N Y Ve

slave controller select code 1

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 WU bit to 0.

The master controller transmits data frames with most significant bit (bit 8) <TB8> set to
“0” to the specified slave controller (the controller whose SCOMOD <WU >/SC1MOD <WU > bit

is cleared to 0).

”“\startl(bitOX 1 X2X3X4X5X6X7Xbit8/st0_pv"“

data 0

The slave controllers not specified (the controllers whose <WU> bit is set to “1”) ignore the
received data as interrupt INTRX0/INTRX1 is not generated when the most significant bit (bit 8)
<RB8> remains cleared to 0 (when data are transmitted).

The specified slave controller (the slave controller whose <WU> bit is set to “0”) can

transmit data informing the master controller of the termination of a transmission.
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Setting example:

When linking two slave controllers serially with the master controller using

internal clock ¢1 as the transmission clock.

il

TxD RxD

master

TxD RxD TxD RxD
slave 1 slave 2
Select code Select code
00000001 00001010

As serial channels 0 and 1 have the same operation in this mode, the following describes channel 0

only.

Setting of master controller
Main routine :
PFCR € - - - - -~ 01 3

PFFC « - XX --XX1
INTESO « 1100110

-

SCOMOD « 1010111
SCOBUF « 0 000000

- o

INTTXO0 interrupt routine :
SCOMOD « 0 - - - = = = =
SCOBUF@********
Setting of slave controller 2
Main routine :

PFCR « - ----- 0
PFFC ¢ -X--X-0
INTESO « 1101111
SCOMOD « 0011111

o o R K

Interrupt INTRXO routine :

Acc « SCOBUF
if Acc = selectcode
Then SCOMOD¢&~ - - - 0 - - - -

Sets PFO as TxD pin, and PF1 as RxD pin.

Enablesinterrupt INTTX0 and sets interrupt level to 4.
Enables interrupt INTRX0 and sets interrupt level to 5.
Sets to 9-bit UART mode and sets 41 as transmission clock.
Sets select code for slave controller 1.

Sets TB8 to 0.
Sets transmit data.

Sets PFO as TxD pin (open drain output), and PF1 as RxD pin.

Enables INTTX0 and INTRXO.
Sets to 9-bit UART mode, sets ¢1 (fc/2) as transmission clock,
and sets <WU>to "1".

Clears <WU> to 0.
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3.11 Analog/Digital Converter

TMP94C241A incorporate a high-speed, high-precision 10-bit analog/digital converter (A/D
converter) with 8-channel analog input.
Figure 3.11 (1) is a block diagram of the A/D converter. The 8-channel analog input pins (ANO to

ANT) are also used as input-only port G pins and can be also used as input ports.

Internal bus

@ PN

A/D converter mode register (ADMOD1, 2)

EOCF ADBF REPET SCAN SPEED ADS
ADCH »_ o VREFON

repeat [scan | [speed |start

Analog input

bus
end y A/D converter

> INTAD
AN7 [— Channel select control circuit interrupt
AN6 [
AN5 [J—> Samol
= m
ﬁmg O Multiplexer ?—Iol%e > A/D conversion result register
AN2 [ (ADREGO0/4 to ADREG3/7)
AN1 [— >
ANO [—>

VREFH [ oo
D/A converter
VREFL [

Figure 3.11 (1) Block Diagram for D/A Converter
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ADMOD1
(0128H)

i1: BUSY

7 6 : 5 i 4 3. 2 i1 0
bit Symbol | EOCF ADBF REPET : SCAN :ADS
Read/Write R
After reset 0 : 0 : 0 0 O
A/D ‘A/D : iRepeat  :Scan Mode:A/D
ConversionEConversiong Mode O Fixed ;Conversion
End Flag :BUSY Flag : :0:Single @ channel start
Function [1: END :

i Mode :1:Channeli1: START

i1:Repeat | Scan i Always

: Mode : Mode : readas
H H uon

]

|—>A/D conversion Start

0 -

1 | Start Conversion

Note) Always “0” when datais read

L A/D Scan Mode

0 | Fixed channel mode

1 | Channel scan mode

L > A/D Repeat Mode

0 |Single mode

1 | Repeat mode

A/D BUSY flag
0 | NOTBUSY
1 ..... Busy .....................................................
A/D END flag
0 | NOTEND
1 END ......................................................

Figure 3.11 (2-1) A/D Control Register
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7 ¢ 6 s i o4 i3 i i i
bit Symbol | VREFON i SPEED1 : SPEEDO : { ADCH2 i ADCH1 : ADCHO
ADMOD2 Read/Write RIW
(0129H) H H H H H H H
After reset 1 : : 0 : 0 : : 0 : 0 : 0
Ladder Conversion Speed Analog Input
Function Resistanceé g? ;ggs:a:cces ;ChanneISeIection
: : : states : :
ON/OFF 10: 640states
: 11: 1280 states :
1 L 1 L

l

Analog Input Channel Selection
<SCAN>
0 1
<ADCH2,1,0>
000 ANO ANO
001 ANI1 ANO—AN1
010 AN2 ANO—>AN1—>AN2
011 AN3 ANO—AN1—->AN2—AN3
100 AN4 AN4
101 AN5 AN4—ANS
110 AN6 AN4—-AN5—-ANG
111 AN7 AN4A—>AN5—->AN6—AN7

L Conversion Speed

00 [160states (8 usat20 MHz)

11 | 1280 states (64 s at 20 MHz)

Ladder Resistance ON / OFF Selection
0 | Ladder Resistance OFF

1 Ladder Resistance ON

Note : Set the <VREFON> register to 1 before starting conversion
(setting <ADS> to 1).

Figure 3.11 (2-2) A/D Control Register
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7 ¢ 6 {5 i 4 i 3 2 1 0
A%}Egﬂ;“— Bit Symbol | ADRO1 : ADROO : Z
Read/Write R
After Reset Undefined 1 1 1 1 1 1
Function Lower 2 bits of A/D result for ANO or AN4 are stored.
7 ¢ 6 i s 14 i3 i 2 i1 i 0
A%ﬁ%ﬁ%” BitSymbol | ADR09 : ADRO8 : ADRO7 : ADRO6 : ADR0O5 : ADR04 : ADRO3 : ADRO2
Read/Write R
After Reset Undefined
Function Upper 8 bits of A/D result for ANO or AN4 are stored.
7 ¢ 6 i 5 i a4 i 3 2 1 0
AE)I}E(ZE.A?L BitSymbol | ADR11 : ADR10 : : :
Read/Write R
After Reset Undefined R 1 1 1
Function Lower 2 bits of A/D result for AN1 or AN5 are stored.
7 ¢ 6 i 5 i 4 i 3 i 2 i 1 i 0
A'&ﬁ%%ﬂ_ﬁ’” BitSymbol | ADR19 i ADRI8 : ADR17 i ADR16 : ADRI5 : ADR14 : ADR13 i ADRI2
Read/Write R
After Reset Undefined
Function Upper 8 bits of A/D result for AN1 or AN5 are stored.

Note : The result registers are used both as ANO and AN4, AN1 and AN5, AN2 and AN,

and AN3 and AN7. They are stored in ADREGO04, 15, 26 and 37.

MSB LSB
9 87 6543 210

Converted data | | | | | | | | | | |
for channel X | I |

ADREGXH ¢ ¢ ADREGXL
7 6543210 7 6 543210

Thisis 1 when the register is read.

\ v
Y

Figure 3.11(3-1) A/D Conversion Result Register (ADREG04, 15)
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7 ¢ 6 15 i o4 i3 i 2 i 0
A(%'}EEE{)GL BitSymbol | ADR21 | ADR20 ' _
Read/Write R
After Reset Undefined T 1
Function Lower 2 bits of A/D result for AN2 or AN6 are stored.
7 ¢ o6 o5 o4 i3 i o2 i1 i
A'(D(ﬁEZGSﬁ?H BitSymbol | ADR29 : ADR28 : ADR27 : ADR26 : ADR25 : ADR24 : ADR23 : ADR22
Read/Write R
After Reset Undefined
Function Upper 8 bits of A/D result for AN2 or AN6 are stored.
7 ¢ 6 15 i o4 i3 i 2 i 0
A(%F}Eg'a?'- BitSymbol | ADR31 i ADR30 : :
Read/Write R
After Reset Undefined 1 1 1 1 1 1
Function Lower 2 bits of A/D result for AN3 or AN7 are stored.
7 ¢ 6 i s 14 i3 i 2 i1 i 0
A%’%‘%%” BitSymbol | ADR39 : ADR38 : ADR37 : ADR36 : ADR35 : ADR34 : ADR33 : ADR32
Read/Write R
After Reset Undefined

Function Upper 8 bits of A/D result for AN3 or AN7 are stored.

MSB LSB
9 8 7 6 54 3 2 10

Converted data | | | | | | | | | |
for channel X | I |

ADREGXH ¢ ¢ ADREGXL
7 6543210 7 6 543210

LT T XXX

A\ v
'

Thisis 1 when the register is read.

Figure 3.11(3-2) A/D Conversion Result Register (ADREG26, 37)
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3.11.1 Operation

(n

(2)

(3)

4

Analog Reference Voltage

The high analog reference voltage is applied to the VREFH pin, and the low analog reference voltage
is applied to the VREFL pin.

The reference voltage between VREFH and VREFL is divided by 1024 (using ladder resistance) and
compared with the analog input voltage for A/D conversion.

The switch between VREFH and VREFL can be turned off by writing 0 to ADMOD2 <VREFON >.

When <VREFON > =0, before the conversion can start, must be written to <VREFON > and a 3 us
period must be allowed so that the internal reference voltage can stabilize (regardless of fc) before 1 is
written to ADMODI1 to <ADS>,

Analog Input Channels

The analog input channel is selected by ADMOD2<ADCH2 to 0>. However, the channel which
should be selected depends on the operation mode of the A/D converter.

In Fixed Analog Input mode, one channel is selected out of eight pins, ANO to AN7, by <ADCH2 to
0>

In Analog Input Channel Scan mode, the number of channels to be scanned is specified by
ADMOD2<ADCH2 to 0>, e. g ANO only, ANO—AN1, ANO—AN1—AN2, AN0—AN1—AN2—ANS3,
AN4—AN5, AN4—AN5—ANG6 or ANA—AN5—AN6—ANT.

When reset the A/D conversion channel register will be initialized to ADMOD2<ADCH2 to
0> =000, so that the ANO pin is selected.

The pins which are not used as analog input channels can be used as ordinary input port pins for port
G.

Starting A/D Conversion

A/D conversion starts when 1 is written to the A/D conversion register ADMOD1 <ADS>. When
conversion starts, the conversion busy flag ADMOD1<ADBF >, which indicates that conversion is in

progress, is set to 1.
A/D Conversion Mode

Both Fixed A/D Conversion Channel mode and Conversion Channel Scan mode include two
conversion modes; single and repeat conversion mode.

In Fixed Channel Repeat mode, conversion of the specified single channel is executed repeatedly.

In Scan Repeat mode, scanning is executed repeatedly.

The A/D conversion mode is selected by ADMOD1 <REPET, SCAN >.
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(5)

(6)

9

(8)

A/D Conversion Speed Selection

There are four A/D conversion speed modes. The selection is made by the ADMOD2 <SPEEDL1 to
0> register.

When reset, <SPEED1 to 0> is initialized to 00, selecting 160-State Conversion mode (8 s at 20
MHz).

A/D Conversion End and Interrupt

® A/D Conversion Single mode
When A/D conversion of the specified channel has finished (in Fixed Channel Conversion mode)
or when A/D conversion of the last channel has finished (in Channel Scan mode), ADMOD <EOCF >
isset to 1, the ADMOD <ADBF > flagisreset to 0, and the INTAD interrupt is generated.

@ A/D Conversion Repeat mode
For both Fixed Conversion Channel mode and Conversion Channel Scan mode, INTAD should be
disabled in Repeat mode. Always set INTEOQAD to 000, to disable the interrupt request.
Write 0 to ADMOD1 <REPET > to terminate Repeat mode. Repeat mode will be exited as soon

as the conversion in progress is completed.
Storing the A/D Conversion Result

The results of A/D conversion are stored in the registers ADREG04 to ADREG37 for each channel.
The result registers are used as ANO and AN4, AN1 and AN5, AN2 and AN6 and AN3 and AN7.

However, the contents of the registers do not indicate which channel’s data has been converted.

In Repeat mode, the registers are updated as soon as conversion ends.

ADREGO04 to ADREG37 are read-only registers.

Reading the A/D Conversion Result

The results of A/D conversion are stored in the registers ADREG04 to ADREG37.

When the lowest two bits of one of the registers ADREG04L, ADREG15L, ADREG26L or
ADREGS37L are read, ADMOD1 <EOCF> is cleared to 0.

<EOCF> is not cleared to 0 when the upper eight bits of one of the registers ADREG04H,
ADERG15H, ADREG26H or ADREG37H are read.
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Setting example : O When the analog input voltage on the AN3 pin is A/D-converted at 160-state
speed and the result is transferred to the memory address 0100H by the A/D
interrupt INTAD routine.

Main setting

INTEOAD « 1100 - - - - Enable INTAD and set interrupt level 4.
ADMOD2 « 1 X00XO011 Specify AN3 pin as an analog input channel and
| ADMOD1 ¢ X X XX X001 start A/D conversion in 160-atate speed mode.

INTAD routine

WA « ADREG37 Read ADREG37L and ADREG37H values and write
to WA (16bits).

WA >> 6 Right-shift WA six times and write 0 in upper bits.

(000100H)« WA Write contents of WA in memory at 0100H

(® When the analog input voltage of the four pins AN4 to AN7 are A/D
converted at 320-atate speed and the channel is set to Scan & Repeat

mode.
Main setting

INTEOAD « 1000 - - - - Disable INTAD.
ADMOD2 « 1 X 010111 Specify AN4 to AN7 pins as input channel, select
ADMODLT « X X XXX 111 Scan & Repeat mode and start A/D conversion.

Note: X:don't care
- :no change
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3.12 8-Bit Voltage Output-Type D/A Converter
TMP94C251 incorporates a 2-channel, 8-bit resolution D/A converter with the following features.
o String Resistor method Buffer output-type 8-bit resolution D/A converter with two internal channels
o Registers DAREGO and DAREG1 to control the analog voltage output

Figure 3.12 (1) isa block diagram of the D/A converter.

) internal bus

)
T

D/A converter

‘—|_| control circuit
| ["] DAREFH
Y

<DAODR>
8-bit D/A

L\
—l/ converter D DAOUTO

A
Y

8-bit D/A
converter

DAREG1 DAREGO

<DA1DR>

~. _~

[ ] pAouT1

A [ ] DAREFL

Figure 3.12 (1) D/A Converter Block Diagram
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D/A converter drive register

7 6 5 4 3 2 1 0
DADRV | bit Symbol — — — — — — DA1DR DAODR
(0132H) |Read/write R/W
After reset 0
0:Outputs OV.
Function 1:Qutputs register
conversion value.

I—»D/A output drive setting

0 | Outputs OV.

Outputs register

1 conversion value.

D/A conversion register 0

7 6 5 4 3 2 1 0
DAREGO | bit Symbol —
(0130H) |Read/write w
(No After reset Undefined
RMW) Function Starts D/A conversion at register write, outputs to DAOUTO.

D/A conversion register 1 ]

7 6 5 4 3 2 1 0
DAREG1 | bit Symbol —
(0131H) |Read/Write w
(No After reset Undefined
RMW) Function Starts D/A conversion at a register write, outputs to DAOUT1.

Y

These registers are used for the D/A converter digital input data. The relationship
between the register values and the output voltages is as follows: output voltage V
= (DAREFH - DAREFL) x N/256 (where N is the register value).

Note : If the HALT instruction is released, the D/A converter outputs the pre-HALT voltage. In
HALT modes other than STOP, the D/A converter continues to output the conversion
voltage as specified by the value in the registers regardless of the HALT instruction.

Note : Read-modify-write is prohibited for registers DAREGO, DAREG1.

Figure 3.12 (2) D/A Converter Registers
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3.12.1 Operation

When D/A converter drive register DADRV <DA1DR, DAODR> is set to “1”, the internal D/A
converter converts digital values in D/A converter registers DAREG1 or DAREGO to analog values, and
outputs these values as voltages from pins DAOUT1 and DAOUTO. Figure 3.12 (2) shows the
relationship between input data and output voltage.

As areset clears <DA1DR> and <DAODR> to “0”, DAOUT1 and DAOUTO pins output OV. After
a reset, DAREG1 and DAREGO are undefined. To output the relevant analog value using the D/A
converter, write input data in DAREG1 and DAREGO, then write “1” to the DADRYV bit of the channel
to be used. Be sure to write data to DAREG1 and DAREGO first. If, after a reset, DADRYV is set to “1”
before the input data are written to DAREG1 and DAREGO, DAREG1 and DAREGO are undefined, and
the converter outputs undefined analog values.

If the HALT instruction is executed after specifying STOP mode (WDMOD <HALTM1,0> = “017),
the DAOUTO0/DAOUT1 pin outputs OV regardless of the DADRV or DAREG setting.

Example: SetDAREFH=Vcc, DAREFL=GND.

76543210

DAREGT ¢« 11111111 Writes FFH. DAOUT1=Vccx%chc
DAREGO « 1 000000 0 Writes 80H. DAOUTO=Veex 425 = V<
DADRV < X X X X X X 1 1 Outputs DAOUT1/DAOUTO.

DAREGLI « 10000000 Writes 80H. Outputs Vcc/2 to DAOUTI.

DAREGO « 11111111 Writes FFH. Outputs Vccto DAOUTO.
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3.13 Watchdog Timer (Runaway Detection Timer)

TMP94C251 incorporates a watchdog timer for detecting runaways.

The watchdog timer (WDT) returns the CPU to its normal state after the watchdog timer detects the
start of a CPU malfunction (runaway) due to noise, for example. When the watchdog timer detects a
runaway, it generates a non-maskable interrupt to notify the CPU of the runaway and outputs a “0”
signal from the watchdog timer out pin (WDTOUT) to notify any peripheral devices of the runaway.

Connecting the watchdog timer output to the RESET pin (within the chip) forces a reset.

3.13.1 Configuration

Figure 3.13 (1) is a block diagram of the watchdog timer (WDT).

WDTOUT _
T >o—1{1 WDTOUT
RESET internal reset  "WDMOD<RESCR>
watchdog timer output

INTWD 1 control
WDMOD enable
<WDTP1, 0> —>] selector T T

4ffc reset

216/ fc
218/ fc
20/ fc
22/ fc¢

4 (2/fcy—> 22-step binary counter for Q
watchdog timer R S

reset q Lreset
: WDMOD
3 <WDTE>
reset

HALT instruction

(STOP or
IDLE1 mode 4EH B1H
executing) write write
watchdog timer control
register
{ internal bus §

Figure 3.13 (1) Watchdog Timer Block Diagram
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start of a CPU malfunction (runaway) due to noise, for example. When the watchdog timer detects a
runaway, it generates a non-maskable interrupt to notify the CPU of the runaway and outputs a “0”
signal from the watchdog timer out pin (WDTOUT) to notify any peripheral devices of the runaway.

Connecting the watchdog timer output to the RESET pin (within the chip) forces a reset.

3.13.1 Configuration

Figure 3.13 (1) is a block diagram of the watchdog timer (WDT).

WDTOUT _
T >o—1{1 WDTOUT
RESET internal reset  "WDMOD<RESCR>
watchdog timer output

INTWD 1 control
WDMOD enable
<WDTP1, 0> —>] selector T T

4ffc reset

216/ fc
218/ fc
20/ fc
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reset q Lreset
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IDLE1 mode 4EH B1H
executing) write write
watchdog timer control
register
{ internal bus §

Figure 3.13 (1) Watchdog Timer Block Diagram
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The watchdog timer is a 22-step binary counter, which uses ¢ (2/fc) as the input clock.

The WDMOD register selects the output of one of four binary counters: 21%/fe, 218/fc, 22%/fc, or 22%/fc.
Overflow from the selected counter generates a watchdog timer interrupt and outputs a signal to the
watchdog timer out pin.

As a result of watchdog timer overflow, the watchdog timer out pin (WDTOUT) outputs “0”, which
can be used as a reset signal for peripheral devices.

Clearing the watchdog timer (writing the clear code (AEH) to the WDCR register) sets the WDTOUT
pin to “1”. In normal mode, the WDOUT pin continually outputs “0” until the clear code is written to
the WDCR register.

The watchdog timer output can also be connected to the RESET pin internally. In this case, the
watchdog timer out pin (WDTOUT) outputs “0” for 16/fc to 40/fc (800 ns - 2 xs @ 20 MHz), resetting

itself at the same time.

(¢

WDT counter 7 N » X 0

1

WDT interrupt | | «

1}

clear code write
WDT clear ¢
(software) 45

WDTOUT pin N F

1}

Figure 3.13 (2) Normal Mode

overflow

WDT counter n

(¢
1

VN
WDT interrupt | | «

1

WDTOUT pin
(internal reset)

(¢ I

)
|

16/fc to 40/fc (800 ns-2 us @ 20 MHz)

Figure 3.13 (3) Reset Mode
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3.13.2 Control Registers

The watchdog timer (WDT) is controlled by three control registers: WDMOD, WDCR and

CLKMOD.

(1)  Watchdog Timer Mode Register WDMOD

D

®

Setting watchdog timer detection time <WDTP >

This 2-bit register is used to set the watchdog timer interrupt time for detecting runaways. At
reset, this register is initialized to “00” (WDMOD <WDTP1,0> is set to “00”), setting a detection
time of 21¢/fc [s]. (The number of states is approximately 32,768.)

Watchdog timer enable/disable control <WDTE >

Atreset, the WDMOD <WDTE > bit is initialized to “1”, enabling the watchdog timer.

Disabling the watchdog timer requires both clearing WDTE to 0 and writing disable code BIH
in the WDCR register. This two-step process makes it difficult for a runaway to disable the
watchdog timer.

To return from the disable state to the enable state, simply set the <WDTE > bit to “1”.

Connection of watchdog timer output to reset pin <RESCR>

This register determines whether or not the watchdog timer resets itself after a runaway is
detected.
At reset, WDMOD <RESCR> is initialized to 0, and the watchdog timer will therefore not

trigger a reset.

(2) Watchdog Timer Control Register WDCR

This register is used to disable the watchdog timer functions and to clear the binary counter.

Disable control

After clearing the WDMOD <WDTE > register to 0, writing the disable code “B1H” to the
WDCR register disables the watchdog timer.

|:WDMOD «0----- X X Clears WDTE to 0.

WDCR « 10110001 Writes disable code B1H.

Enable control

Set WDMOD7 <WDTE > to 1.

Clear control

Writing clear code 4EH to the WDCR register clears the binary counter and resumes the

count.

WDCR « 01001110 Writes clear code 4EH.
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(3) Clock Mode Register CLKMOD

This register is used to set the warming up time after the stop mode ends.
Writing “0” to the CLKMOD <WARM > bit, 215/fc (approximately 1.6 ms @ 20 MHz) is selected and
writing “1”, 217/fc (approximately 6.6 ms @ 20 MHz) is selected.

7 ¢ 6 i s i o4 i 3 i 2 i 1 i o0
bit Symbol | WDTE i WDTP1 | WDTPO : : HALTM1 | HALTMO ;| RESCR : DRVE
WDMOD -
Read/Write R/IW
(01 10H) B B B B B B B
After reset 1 : 0 : 0 : - : 0 : 0 : 0 : 0
WDT WDT detection EReserved Standby mode 1 E1:Drives
control : timeselect : : 00: RUN mode !Internally : pinsin
1: enable : 00: 216/fc : : 01: STOP mode iconnects :STOP
Function P 01: 218/f¢ : 10: IDLE mode WDTOUT i mode
i 10: 220/f¢ : : 11: Don't care ipinto
D11 222/f¢ § : “RESET
: : : pin. ¢
1 J L 1 1

]

I_) DREVE (See description of STOP mode in the
section on standby function.)

L——> Controls watchdog timer output.

1 | Connects WDTOUT pin to reset pin.

—> Selects standby mode by HALT instruction
00 | RUN mode (halts CPU only)

11 | Don'tcare

Selects watchdog timer detection time.
00 [ 276/f¢c (approximately 3.28 ms @ 20 MHz)

11 | 222/f¢ (approximately 210 ms @20 MHz)

Controls watchdog timer enable/disable.
0 | Disable

1 | Enable

Figure 3.13 (4) Watchdog Timer Mode Register
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7 6 5 4 3 2 1 0
bit Symbol -
WDCR -
Read/Write "
(0111H) '
After reset ~
B1H : WDT disable code
4EH : WDT clear code
Function
L » Disables and clears WDT.
B1H Disable code
4EH Clear code
Others -
Figure 3.13 (5) Watchdog Timer Control Register
7 6 I A - S T A
bit Symbol © WARM © CLKOE : CLKM1 i CLKMO
CLKMOD - : :
Read/Write R/W R/W
(10AH) : .
After reset 0 : 1 : 0 : 0
EWarming 0 High-Z 500: PH
‘uptime i1:0ut  (01: (Reserved)
Function 10: 2%/ : £ 10: (Reserved)
i1:2Vfc i 11: (Reserved)
 —

Selects Warming up time after stop Mode
ends

0 | 215/fc (approximately 1.6 ms @ 20 MHz)

1 | 217/fc (approximately 6.6 ms @ 20 MHz)

Figure 3.13(6) CLOCK Mode Register
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3.13.3 Operation

After the detection time set by the WDMOD <WDTP1,0> register is reached, the watchdog timer
generates interrupt INTWD and outputs a low signal to the watchdog timer out pin WDTOUT. The

binary counter for the watchdog timer must be cleared to 0 by software (instruction) before INTWD is

generated. If the CPU malfunctions (runaway) due to causes such as noise and does not execute an

instruction to clear the binary counter, the binary counter overflows and generates INTWD.

The CPU interprets INTWD as a malfunction detection signal, which can be used to start the

malfunction recovery program to return the system to normal. A CPU malfunction can also be fixed by

connecting the watchdog timer output to a reset pin for peripheral devices.

The watchdog timer begins operating immediately on release of the watchdog timer reset.

The watchdog timer is reset and halted in IDLE and STOP modes. The watchdog counter continues

counting during bus release (BUSAK = low).

The watchdog timer operates in RUN mode; it can be disabled when RUN mode is entered.

Examples:

@

@

®

@

®

Note:

Clear the binary counter.
WDCR « 01001110 Writesclear code (4EH).

Set the watchdog timer detection time to 218/fc.
WOMOD « 1 01 X - - - -

Disable the watchdog timer.
WDMOD ¢« 0 — = X = = - ~- Clears WDTE to "0".
WDCR « 10110001 Writesdisable code (B1H).

Select IDLE mode.

WDMOD « 0 — = X 1 0 - - Disables WDT and set IDLE mode.

WCR « 10110001
Executes HALT instruction. Sets to standby mode.

Select STOP mode. (Warm-up time 216/fc)

WDMOD « — - - X 0 1 - - Setsto STOP mode.

CLKMOD¢« X X X 1 X - - -

Executes HALT instruction. Sets to standby mode.
X :don'tcare =-:nochange
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3.14

3.14

Bus Release Function

TMP94C241A has a bus request pin (BUSRQ, also used as P75) for releasing the bus, and a bus
acknowledge pin (BUSAK, also used as P76). Set these pins using P7CR and P7FC.

Operation

When the bus release request pin (BUSRQ) is set to active (low), TMP94C241A acknowledges a bus
release request.

When the operand cycle completes, TMP94C241A first sets the address bus (A23 to A0) and the bus
control signals (RD, WRLL, WRLH, CS0 to CS5) simultaneously to high, sets these signals and the
output buffer for the data bus (D31 to D0) to off, and sets the BUSAK pin to low, indicating that the bus

is released.

When using as input port or output port modes, the bus release is not executed for the port, and the
output buffer is not turned off.

During bus release, TMP94C241A disables all access to the internal I/O registers, although the
internal I/O functions are not affected. As the watchdog timer continues to count up during bus release,
when using the bus release function, set the runaway detection time in accordance with the bus release
time.

When inputting “low” into BUSRQ terminal, continue “low” input until BUSAK terminal outputs
“low”. If the request is released before BUSAK terminal outputs “low”, the memory controller may

malfunction.
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41

ELECTRICAL CHARACTERISTICS

Absolute Maximum

Symbol

Parameter

Rating

Unit

Vcc

Power Supply Voltage

-0.5t06.5

VIN

Input Voltage

-05toVec+0.5

2 10L

Output Current (total)

120

mA

2 10H

Output Current (total)

-120

mA

PD

Power Dissipation (Ta =70 °C)

600

mwW

4.2

DC Electrical Characteristics
Vee=5V*10%, TA=—-20~70°C

X1=8to 10 MHz (Internal operation = 16 to 20 MHz)

Symbol

Parameter

Min

Max

Unit

Test Condition

VILO

Input Low Voltage
P00 to P07 (DO to 7)
P10to P17 (D8 to 15)
P20 to P27 (D16 to 23)
P30 to P37 (D24 to 31)

-03

0.8

VIL1

Input Low Voltage
P40 to P47
P50 to P57
P60 to P67
P75
P86
PCO, PC1
PDO to PD2, PD4to PD6
PEO to PE2, PE4to PE6
PFO to PF2, PF4+to PF6
PGO to PG7
PHO to PH3
PZ0 to PZ7

-03

0.3*Vcc

VIL2

Input Low Voltage
PH4 (INTO)
NMI
RESET

-03

0.25%Vcc

VIL3

Input Low Voltage
AMO, AM1
TESTO, TEST1

-03

0.3

VIL4

Input Low Voltage
X1

-03

0.2%Vcc

VIHO

Input High Voltage
P00 to PO7 (DO to 7)
P10 to P17 (D8 to 15)
P20 to P27 (D16 to 23)
P30 to P37 (D24 to 31)

2.2

Vecc+0.3

note : Typical value are for Ta=25°C and Vee =5V unless otherwise noted.
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41

ELECTRICAL CHARACTERISTICS

Absolute Maximum

Symbol

Parameter

Rating

Unit
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4.2

DC Electrical Characteristics
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Min

Max

Unit
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0.3
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2.2
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note : Typical value are for Ta=25°C and Vee =5V unless otherwise noted.
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Symbol Parameter Min Max Unit Test Condition
VIH1 Input High Voltage 0.7#Vcc Vcc+0.3 \
P40 to P47
P50 to P57
P60 to P67
P75
P86
PCO, PC1
PDO to PD2, PD4to PD6
PEO to PE2, PE4to PE6
PFO to PF2, PF4to PF6
PGO to PG7
PHO to PH3
PZ0 to PZ7
VIH2 Input High Voltage —0.75%Vcc | Vec+0.3 \
PH4 (INTO)
NMI
RESET
VIH3 Input High Voltage Vcc—0.3 Vcc+0.3 \
AMO, AM1
TESTO, TEST1
VIH4 Input High Voltage 0.8%Vcc Vcc+0.3 \
X1
VOL Output Low Voltage 0.45 V [IOL=1.6 mA
VOHO |Operating Cururent (NORMAL) 2.4 V [IOH= -400xA
VOH1 |Output High Voltage 0.75*Vcc V |IOH= - 100xA
VOH2 |Output High Voltage 0.9+Vcc V |IOH= -20xA
I'Ll Input Leakage Current 0.02 (typ.) 5 #A |0.0V=Vin=Vcc
ILO Output Leakage Current 0.05 (typ.) 10 #A [0.2V=Vin=Vcc-0.2V
I ccO Operating Current (NORMAL) 90 108 mA [ X1=10 MHz
(Internal 20 MHz)
I ccl RUN 50 70 mA [ X1=10 MHz
(Internal 20 MHz)
lcc2 IDLE 5 20 mA [ X1=10 MHz
(Internal 20 MHz)
I cc3 STOP 0.5 50 #A [0.2V=Vin=Vcc-0.2V
Ta=-20~70C°
| ccd STOP 10 #A 10.2V=Vin=Vcc-0.2V
Ta=0~50C°
V STOP |Power Down Voltage @ STOP 2.0 6.0 V |VIL2=0.2%Vcc
(forinternal RAM back-up) VIH2 =0.8%Vcc
RRST Pull Up Registance 50 150 kO
RESET
clo Pin Capacitance 10 pF [fc=1MHz
VTH Schmitt Width 04 1.0 (typ) \
PH4 (INTO)
NMI
RESET
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4.3  ACElectrical Characteristics
4.3.1 BasicBus Cycle
(1) Read Cycle
No. |Symbol Parameter Min Max @20MHz |@16MHz| Unit
1| tosc [OSC period (X1/X2) 100 125 100 125 ns
2| tcyc |System Clock Period (=T) 50 62.5 50 62.5 | ns
3] tc | CLK Low Width 0.5xT-15 10 16 ns
4| tcH [CLK High Width 0.5xT-15 10 16 ns
5-1] tap [AO0to A23 > DO0toD31Input @ 0WAIT 2.0xT-50 50 75 ns
5-2| tap3z |AO0to A23 ->D0toD31Input @ 1WAIT 3.0xT-50 100 138 ns
6-1| trp |RDFall > D0to D31 Input @O0 WAIT 1.5xT-45 30 49 ns
6-2| trp3 |RD Fall - D0to D31 Input @ 1 WAIT 2.5xT-45 80 111 ns
7-1] trr | RD Low Width @O0 WAIT | 1.5xT-20 55 74 ns
7-2| trrs |RD Low Width @ 1 WAIT | 2.5xT-20 105 136 ns
8| tar |AOto A23Valid -»RD Fall 0.5xT-20 5 11 ns
9| tgx |RDFall - CLK Fall 0.5xT-20 5 11 ns
10/ tya [AOto A23Invalid - D0to D31 Hold 0 0 0 ns
11| tyr |RD Rise = D0 to D31 Hold 0 0 0 ns
12| tapr | AOto A23 Valid - PORT Input 20xT-120( -20 5 ns
13| tapH |AOto A23 Valid - PORT Hold 2.0xT 100 125 ns
14| tyk | WAIT Setto up Time 15 15 15 ns
15| tkt | WAIT Hold Time 5 5 5 ns
(2) Write Cycle
No. [Symbol Parameter Min Max @20MHz|@16MHz| Unit
1] tosc |OSC Period (X1/X2) 100 125 100 125 ns
2| tcyc |System Clock Period (= T) 50 62.5 50 62.5 | ns
3] tc | CLK Low Width 0.5xT-15 10 16 ns
4| tcH [CLK High Width 0.5xT-15 10 16 ns
5-1| tpw |D0-D31Valid > WRxxRise @ 0WAIT 1.25xT-35 28 43 ns
5-2| tpws [D0-D31 Valid - WRxx Rise @ 1 WAIT 2.25xT-35 78 106 ns
6-1| tww | WRxx Low Width @ 0 WAIT 1.25xT-30 33 48 ns
6-2| twws | WRxx Low Width @ 1 WAIT 2.25xT-30 83 111 ns
7| taw |A0-A23 Valid > WRxx Fall 0.5xT-20 5 11 ns
8| twk |WRxxFall - CLKFall 0.5xT-20 5 11 ns
9 twa |WRxxRise = A0-A23 Hold 0.25%T-5 8 11 ns
10( twp [WRxxRise - D0-D31 Hold 0.25xT-5 8 11 ns
11| tapw |A0-A23 Valid - PORT Qutput 20xT+70 170 195 ns
12| tyk | WAIT Set-up Time 15 15 15 ns
13| tkr [WAIT Hold Time 5 5 5 ns
14| trpo |RD Rise = D0 to D15 Output 0.5xT-5 20 26 ns
AC Condition

Output : PO to P3 (D0 to D31), P4 to P6 (A0 to A23), P70 (RD), P71 to P74 (WRxx)

High =2.0V, Low =0.8V, CL = 50pF

Others

High =2.0V, Low =0.8V, CL = 50pF

Input : POtoP3(D0toD31)

High =2.4V, Low =0.45V

Others

High =0.8Vcc, Low =0.2Vcc
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(1)  Read Cycle (0 Wait)

CLK

AO to A23
tAD
CS0to5 \
N
TAR tRK tHR
RD B
: tRR
tBD
DOtoD15 { DATAINPUT T
: ——tapH—— -
L l<—tapr—>] :
Portlnput :JF : PORT INPUT

Note : The phase relation between X1 input signal and the other signals is unsettled.
The timing chart above is an example.

94C251-187



TOSHIBA TMP94C251

(2)  Write cycle (0 wait)

tosc

CLK

A0 to A23

0t05 N

twa

taw twk

tww

tpw

N

DOtoD15 X . DATAOUTPUT

d

tRDO

=
PortOutput

Note 1: The phase relation between X1 input signal and the other signals is unsettled.
The timing chart above is an example.
Note 2: WRxx shows WRLL, WRLH.
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(3) Read cycle (1 wait)

CLK

AQto A23

tAD3

CSOto5

tRR3

tRD3
DO to D15 :

inwikb

DATA INPUT

(4)  Write cycle (1 wait)

CLK

S
/I/
N
N

CS0to 5

AO to A23 :X

tww3
tpws3

DOtoD15 4 : DATA OUTPUT

ARREY

94C251-189



TOSHIBA TMP94C251
4.3.2 Page ROM Read Cycle
n 3-2-2-2 Mode
No. [Symbol Parameter Min Max @20MHz |@16MHz| Unit
1| tcyc [System Clock Period (= T) 50 62.5 50 62.5 | ns
2| tap2 |A0,A1—>D0to D15 Input 1.0xT-50 50 75 ns
3| tapz |A21t0 A23 ->D01to D15 Input 3.0xT-50 100 138 ns
4| trpz |RDFall > D0to D15 Input 2.5xT-45 80 111 ns
5| tya |A0to A23Invalid > D0to D15 Hold 0 0 0 ns
6| tyg |RDRise > DO0to D15 Hold 0 0 0 ns
AC Condition L
Output : P4to P6 (A0 to A23), P70 (RD)
High = 2.0V, Low = 0.8V, CL = 50pF
CLK, P82 (CS2)
High = 2.0V, Low = 0.8V, CL = 50pF
Input : POtoP1(DO0to D15)
High =2.4V, Low =0.45V
(1)  Page ROM read cycle (3-2-2-2 mode)

+taD2=

;tAD3 AD2 AD2 ;
RD L | *_
trD3 i|<ths > LR
D0 to D15 : : : :
(Read) Linput:) < input; 75
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4.3.3 DRAM Bus Cycle
No. [Symbol Parameter Min Max @20MHz|@16MHz | Unit
1| tcyc [ System Clock Period (= T) 50 62.5 50 62.5 | ns
2| trc | RASCycle Time 3.00xT 150 188 ns
3| tpc | Page Mode Cycle Time 2.00xT 100 125 ns
4-1| trac |RAS Access Time 1.75 x T-45 43 64 ns
4-2| traca |RAS Access Time @ 4 Clock Access 2.75x T-45 93 127 ns
5 tcac | CAS Access Time 1.00 x T-40 10 23 ns
6-1| taa [Column Address Access Time 1.25x T-45 18 33 ns
6-2| tan2 C°'E‘@mplgg‘mje‘\“e“ Time 200xT-45 | 55 80 | ns
6-3| tang | CONa Adldress Access Time 225xT-45 | 68 9% | ns
7| tcpa | CAS Pre-charge Access Time 2.00 x T-45 55 80 ns
8| torr [InputData Hold Time 0 0 0 ns
9| trp_ [RAS Pre-charge Time 1.25%xT-20 43 58 ns
10-1| tras [RAS Width 1.75xT-20 68 89 ns
10-2| trasa | RAS Width @ 4 Clock Access 2.75xT-20 118 152 ns
11| trsy | RAS Hold Time 1.00xT-20 30 43 ns
12| trHcp | CAS Pre-charge to RAS Hold Time 2.00xT-20 80 105 ns
13-1] tcsy | CAS Hold Time 1.75xT-20 68 89 ns
13-2| tcsHa | CAS Hold Time @ 4 Clock Access 2.75xT-20 118 152 ns
14| tcas | CAS Width 1.00xT-20 30 43 ns
15[ trcp [RAS-/CAS Delay Time 0.75xT-17 21 30 ns
16|/ trap |RAS-Column Address Delay Time 0.50xT+20 45 51 ns
17| tcre | CAS - /RAS Pre-charge Time 1.25xT-20 43 58 ns
18-1| tcp | CASPre-charge Time @ Refresh 0.50xT-15 10 16 ns
18-2| tcpz | CAS Pre-charge Time @ Page Mode 1.00x T-20 30 43 ns
19 tasr | Row Address Set-up Time 1.25xT-40 23 38 ns
20| traH | Row Address Hold Time 0.50xT-15 10 16 ns
21-1| tasc | Column Address Set-up Time 0.25xT-12 1 4 ns
21-2| tasc C°'€@mpr;;\:ﬂ,:§§:m'“p Time 1.00xT-20 30 43 | ns
22| tcaH |Column Address Hold Time 1.00x T-20 30 43 ns
23| tar |Column Address Hold Time from RAS 1.75xT-20 68 89 ns
24| traL | Column Address RAS Read Time 1.25% T-20 43 58 ns
25| tres | Read Command Set-up Time 2.00xT-40 60 85 ns
26| trcH |Read Command Hold Time from CAS 0.50xT-20 5 11 ns
27| trrH | Read Command Hold Time from RAS 0.50xT-20 5 11 ns
28| twcH | Write Command Hold Time 1.00x T-20 30 43 ns
29| twcr | Write Command Hold Time from RAS 1.75xT-20 68 89 ns
30 twp |Write Command Time 1.50x T-20 55 74 ns
31| tpwr | Write Command RAS Read Time 1.50%xT-20 55 74 ns
32| tcwr |Write Command CAS Read Time 1.50 % T-20 55 74 ns
33| tps |Data Output Set-up Time 1.50 x T-30 45 58 ns
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No. [Symbol Parameter Min Max @20MHz|@16MHz | Unit
34| tpy |Data OutputHold Time 1.00xT-25 25 38 ns
35| tpyr |Data Output Hold Time from RAS 1.75%xT-5 83 104 ns
36| twcs | Write Command Set-up Time 0.50xT-20 5 11 ns
37| tcsr | CAS Set-up Time 0.75xT-20 18 27 ns
38| tcyr | CAS Hold Time 1.75x T-20 68 89 ns
39| trec | RAS Pre-charge CAS Active Time 0.50xT-20 5 11 ns
40| tron |RAS Hold Time from OF 1.00 x T-20 30 43 ns
41| toea | OE Access Time 1.00 x T-40 10 23 ns
42| togz |InputData Hold Time from OE 0 0 0 ns
RAS Pre-charge Time
4 2.25xT-2 121
3| tRes @ Release Self Refresh Cycle >xT-20 93 ns
CAS Hold Time
44| tews @ Release Self Refresh Cycle -15 -15 -15 ns
AC Condition

Input :

Others

High =2.0V, Low =0.8V, CL=50pF

PO to P1 (DO to D15)

High =2.4V, Low =0.45V
Others

High =0.8Vcc, Low =0.2Vcc

Output : PO to P1 (DO to D15), P4 to P6 (AO to A23), P70 (RD), P71 to P74 (WRxx)
High =2.0V, Low =0.8V, CL =50pF
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(1) DRAM read cycle (3 clock access)

teve

CLK

trRC

RASO, 1

trAS

tRSH

tRAL—

tesH

<—trRCD

(tRRH

tcrp

<—‘t.RA D—>

—tASR

<tRAH>|

tcas
T H

™~

torF

tcAH

HtReH

AOto A12 : ROW

"J;iqgljl””"”L<§;'”""”"””Lii;""”""”""”"“” -

COLUMN

tAR

—trcs

N

2
z

tcac |

Ol
m
o
=

““L<;;."“_“““

D0 to D15 (Read)

N

T tROH—

<toEA >

taa

’coEjﬁ

tRAC

- N
Data Input

94C251-193



TOSHIBA

TMP94C251

(2) DRAM write cycle (3 clock access)

teve

CLK

trRC

RASO, 1

trAS

tRSH

tRAL—

tesH

tcrp

—tASR

N

tcas

tcAH

AOto A12 : ROW

COLUMN

tAR

'tCWL:

twcH

twp :

twcr

tRWL

Ol
m
o
=

tDHR—

t@s

tpH

DO to D15 (Write)

Data output
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(3) DRAM read cycle (4 clock access)

tcye

CLK

RASO, T _/ x tRAs4 ‘/ \

—tesHa—

dl
-4y

g
g
>
S
yVe
"L
ol

taAs

trAC4

potop1s 1 Loy
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(4) DRAM write cycle (4 clock access)

tcye

CLK

—tcsHa—

DOto D15 a8 . DawaOutput | )
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(5 DRAM Page mode read cycle (3-2-2-2 mode)

CLK

| l<—tcp2—>|

CASO, 1

- |<—tasco—+ : yz—EtAscz—%

AOtoA12 X i ROW i X COLUMN.T g: © COLUMN.2 [ { { COLUMN.N ><

s
m
o
=]

_/ : : : : : : : , :

—tan—= L etaas

O‘
m
o
=]
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(6) DRAM Page mode write cycle (3-2-2-2 mode)

CLK

| l<—tcp2—>|

CASO, 1

L h i etasee b etaseel
motoa12 X 1 ROwW X COLUMN.T : : COLUMN.2 ; - COLUMN.N X

z
3
e

3
m
o

=]

(DOto |))15 (" pataoutput X DataOutput X | DataOutput )
Write : : : : = = ; i 5 5 ; i 5 5 ;
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(7) DRAM CAS before RAS interval refresh cycle (3 cycle mode)

tcve

CLK _X

I s | s B e s
RASD, 1 X A‘ N

GTRPC—% <—'tc5|:;—>

tcHR

CASO, 1

(8) DRAM CAS before RAS self refresh cycle

CLK

RASO,T 0 T T . . T

tRpc  tcsr : —$

—+
(@)
o -

({4

1

CASO, 1

A
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4.4 Event Counter (TI4, TI5, Tl6, TI7, TI8, TI9, TIA, TIB)
Vee=5V+10%,TA= -20t0 70 C (Internal 16 to 20 MHz)
Variable 20 MHz 16 MHz .
Symbol Parameter Unit
Min Max Min Max Min Max
tvek Clock cycle 8T + 100 500 600 ns
tycke | Clock low-level pulse width 4T +40 240 290 ns
tyckH | Clock high-level pulse width 4T + 40 240 290 ns
4.5 Serial Channel Timing
(1) SCLKInput mode (I/O interface mode) Vee=5V £ 10%, TA= —20to 70 C (Internal 16 to 20 MHz)
Variable 20 MHz 16 MHz .
Symbol Parameter Unit
Min Max Min | Max [ Min [ Max
tscy SCLK cycle 16T 0.8 1.0 73
toss | Output Data — Rising edge of SCLK tscy/2-5T-50 100 138 ns
toHs | SCLKrising edge — Output Data hold 5T-100 150 213 ns
tysr | SCLK rising edge — Input Data hold 0 0 0 ns
tsrp | SCLK rising edge — effective data input tscy — 5T - 100 450 588 ns
(2)  SCLK Output Mode (I/O interface Mode) Vec=5V £10%, TA= — 20 t0 70 C (Internal 16 to 20 MHz)
Variable 20 MHz 16 MHz .
Symbol Parameter - Unit
Min Max Min | Max | Min | Max
tscy SCLK cycle (programmable) 16T 81927 0.8 |409.6| 1.0 512 “s
toss Output Data — SCLK rising edge tscy—2T-150 550 725 ns
tons | SCLKrising edge — Output Data hold 2T-80 20 45 ns
tysr | SCLK rising edge — Input Data hold 0 0 0 ns
tsgp | SCLK rising edge — effective data input tscy — 2T - 150 550 725 ns
(3)  SCLKInput Mode (UART Mode) Vee=5V £10 %, TA= - 20t0 70 C (Internal 16 to 20 MHz)
Variable 20 MHz 16 MHz .
Symbol Parameter Unit
Min Max Min | Max [ Min [ Max
tsey | SCLK cycle 4T +20 220 270 ns
tscyL | SCLK Low level Pulse width 2T +5 105 130 ns
tscyn | SCLK High level Pulse width 2T+5 105 130 ns
| tsey |
SCLK
toss toHs
OUTPUT DATA
TxD
N o X ! X
tsrRD | tHsR
INPUT DATA
RxD X VALID X VALID _5(
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4.6 10-bit A/D Conversion Characteristics
Vee=5V£10%,TA= -20t0 70 C (Internal 16 to 20 MHz)
Symbol Parameter Min Typ Max Unit
VREFH Analog reference voltage (High) Vce-0.2V Vce Vce
VREFL Analog reference voltage (Low) Vss Vss Vss+0.2V Y
VAIN Analog input voltage range VREFL VREFH
IREF Analog current for analog reference
voltage
(VREFL=0V) Vce=5V10% <VREFON> =1 0.5 1.5 mA
Vec=5V*10% <VREFON>=0 0.02 5.0 MA
Error Vec=5V210%| Total error 3.0 t6 LSB
(Quantize error
of £0.5LSB not
included)
Notel: 1LSB=(VREFH-VREFL)/1024[V]
Note2 : Power supply current ICC from the digital power supply includes the power supply
from the AVCC pin.
4.7  8-bit D/A Conversion Characteristics

Vee=5V*10%,TA= -20to 70 C (Internal 16 to 20 MHz)

Symbol Parameter Condition Min Typ Max Unit
DAREEH Analog reference 4.0 Vee
voltage (+) \Y;
Analog reference
DAREFL voltage () Vss Vss
Total error RL=2.4 KO 2.0 4.0 LSB
Output voltage range RL=2.4KQ Vss + 0.5 Vss—0.5 V
. . RL=2.4 KO
Setring time ! 5 S
'ng CL = 100pF #
Output impedance 5 Q
DAC
output mode | Resistive load Vss +0.5=DAOUT 2.4 kO
=Vcc-05
4.8 Interrupt Operation
Vee=5V*10%, TA= -20to 70 'C (Internal 16 to 20 MHz)
Variable 20 MHz 16 MHz .
Symbol Parameter - - - Unit
Min Max Min Max Min Max
tINTAL NMI, INTO Low level Pulse width 4T 200 250 ns
tintan | NMI, INTO High level Pulse width 4T 200 250 ns
tinteL | INT4 toINTB Low level Pulse width 8T + 100 500 600 ns
tinten | INT4 to INTB High level Pulse width | 8T + 100 500 600 ns
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49 BusRequest/Bus Acknowledge Timing
BUSRQ \
(C (C
1) 1
4§
BUSAK
(C
1
> < < tBAA
taBA —
D0~D15 SS _______________________
)- als ~
A0~A23 SS_/ ______ A3 Anininiaie N
RD, WRxx SS_/ (. S 7
€S0~Cs5, ———————(—7fF-————-- e it ~N—
a5 ne 7 :
WE. OE
Vec=5V+10%,TA= -20to 70 C (Internal 16 to 20 MHz)
Variable 20 MHz 16 MHz
Symbol Parameter Unit
Min Max Min | Max | Min | Max
taga | Floating time to BUSAK fall 0 80 0 80 0 80 ns
tgaa | Floating time to BUSAK rise 0 80 0 80 0 80 ns

Note : The bus will be released after the WAIT request is inactive, when the BUSRQ is set to “Low” during

“wait” cycle.
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5.  TABLE OF SPECIAL FUNCTION REGISTERS (SFRs)
(SFR ; Special Function Register)

The special function registers (SFRs) include the I/O ports and peripheral control registers allocated
to the 1024 byte addresses from 000000H to 0003FFH.

(1) /O port

(2) Timer control

(3) Watch Dog Timer control
(4) Clock Control

(5)  Serial Channel control
(6)  A/D converter control

(7) D/A Converter Control
(8) Interrupt control

(99 Memory Control

(10) DRAM Control

Configuration of the table

Symbol Name Address | 7 : 6 : // t1:0
: \ \ : : — bit Symbol
\\ : { |- Read/Write
NI —> Initial value after reset
/) — Remarks
Explanations of symbols

R/W . Either read or write is possible

R : Onlyread is possible

w : Only write is possible

W= . Either read orwrite is possible (Always read as “1")

1+ : Alwaysread as “1”

No RMW : Prohibit Read Modify Write.
(Prohibit RES/SET/TSET/CHG/STCF/ANDCF/ORCF/XORCEF etc.)
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Table 5 1/O register address map

ADDRESS | NAME ADDRESS NAME ADDRESS NAME ADDRESS | NAME

TLCS-900/H2 type 8bit I/0

10Ch < 10Dh cec - 10Eh s 10Fh
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ADDRESS | NAME ADDRESS NAME ADDRESS NAME ADDRESS | NAME

TLCS-90 type 1/0

WDMOD WDCR

DRAMOREF DRAM 1REF PMEMCR

Note1: TLCS-900/H2 type I/Os are always accessed by two clocks (100ns @ 20MHz)
Note 2: TLCS-90 type I/Os are accessed by five clocks min, (250 ns @ 20MHz) and eight clocks max.
(400ns @ 20MHz)
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(1)  Input/Output Ports

Port 0
SYMBOL NAME |ADDRESS| 7 i 6 i 5 i 4 i 3 i 2 i 1 i 0
PO7Z i PO6 i POS i PO4 i PO3 i P02 : POl  POO
PO PORTO 00h : : : b : : ;
0 : 0 : 0 : 0 : 0 : 0 : 0 : 0
Input/Output
PO7C i PO6C : POSC : P04AC : PO3C : P02C : POIC : POOC
PORTO W
POCR Control 02h - - - : : - :
Register o : o :: o6 : o ¢ 0o : o : 0 : ©
(no RMW) 0:Input 1:Output
PO7F i PO6F : POSF : PO4F : PO3F : PO2F : POIF : POOF
PORTO W
POFC Function 03h - - - - T H .
Register 1 : 1 : 1 : 1 : 1 : 1 : 1 : 1
(no RMW) 0:PORT 1: DataBus (D7 to DO)
Port 1
SYMBOL NAME |ADDRESS| 7 { 6 i 5 i 4 i 3 i 2 i 1 i 0
PI7 ¢ P16 i P15 i P14 i P13 i P12 i P11 i P10
P1 PORT1 04h : : ; RN ; : :
0 : 0 : 0 : 0 : 0 : 0 : 0 : 0
Input/Output
P1I7C : P16C : P15C : P14C : P13C : P12C : P11C : P10C
PORT1 W
P1CR Control 06h - - - - : : :
Register o : o0 : o : o6 : o : o : o : ©
(no RMW) 0:Input 1:Output
PI7ZF : P16F : PI5F : P14F i P13F { P12F  P11F : PI10OF
PORTT W
P1FC Function 07h ; - - r - - .
Register 01 iooon iooon PN iooon iooon PN iooon
(no RMW) 0:PORT 1:DataBus(D15to D8)
Port4
SYMBOL NAME |ADDRESS| 7 i 6 i 5 i 4 i 3 § 2 i 1 i 0
P47 i P46 i P45 i P44 i P43 i P42 i P41 i P40
P4 PORT4 10h : ; : bl ; : ;
0 : 0 : 0 : 0 : 0 : 0 : 0 : 0
Input/Output
PA7C : P46C : PA5C i P44C i P43C : P42C : P4IC : P40C
PORT4 W
P4CR Control 12h - - - - - - -
Register 6 : o606 ¢ o ¢ o : o0 : 0 : 0 : ©
(no RMW) 0:Input 1:Output
PA7TF : P46F  PASF : P44F i PA3F : P42F  P4IF  PAOF
PORT4 W
P4FC Function 13h - - - r - - -
Register 1 : 1 : 1 : 1 : 1 : 1 : 1 : 1
(no RMW) 0:PORT 1:AddressBus (A7 to A0)
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Port 5
SYMBOL NAME ADDRESS 7 6 5 : 4 : 3 : 2 1 : 0
P57 P56 P55 P54 P53 i P52 P51 P50
P5 PORT5 14h . RIW :
0 0 0 : 0 : 0 : 0 0 0
Input/Output
P57¢C P56C P55C i P54C 1 P53C  P52C P51C  P50C
PORTS5 W
P5CR Control 16h - - -
Register 0 0 0 : 0 : 0 : 0 0 0
(no RMW) 0:Input 1:Output
P57F P56F P5S5F i P54F i P53F : P52F PS1F : P50F
PORT5 W
P5FC Function 17h - T -
Register ! 1 1 1 i1 ;1 1 1
(no RMW) 0:PORT 1:AddressBus(A151toA8)
Port 6
SYMBOL NAME ADDRESS 7 6 5 : 4 : 3 : 2 1 : 0
P67 P66 P65 : P64 i P63 P62 P61 : P60
P6 PORT6 18h : RIW :
0 0 0 : 0 : 0 : 0 0 0
Input/Output
P67C P66C P65C : PB4C i P63C  P62C P61C : P60C
PORT6 W
P6CR Control 1Ah - - -
Register 0 0 0 : 0 : 0 : 0 0 0
(no RMW) 0:Input 1:Output
P67F P66F P65F : PGAF i P63F : P62F P61F : P6OF
PORT6 W
P6FC Function 1Bh - T -
Register 1 1 [ T T 1 1
(no RMW) 0:PORT 1:AddressBus(A23~A16)
Port7
SYMBOL NAME ADDRESS 7 6 5 : 4 : 3 : 2 1 : 0
- P76 P75 P74 P73 i P72 P71 P70
P7 PORT7 1Ch - - RIW - -
: 1 1 : 1 : 1 : 1 1 : 1
¢ Output In/Out : Qutput
- i - P7sC i - i - i - - -
W : ; ;
p7ck | PORTZ 1Eh
Control 0 : :
Reai
egister (no RMW) 0:Input 1:Output
- P76F P75F i P74F : P73F : P72F P71F : P70F
PORT7 w
P7FC | Function 1Fh ) 0o : 0 i 0 i 0 0 i 1
Register e . o e Y Y .
:0: PORT :0: PORT :0: PORT :0: PORT :0: PORT :0: PORT :0: PORT
(no RMW) i1: /BUSAK:1: /BUSRQ:1: /WRHH :1: /WRHL :1: /WRLH :1: \WRLL :1:/RD
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Port 8
SYMBOL NAME ADDRESS 6 5 ¢ 4 3+ 2 i1 o0
P86 P85 : P84 P83 i P82 i P81 i P80
P8 PORT8 20h : RW__ : :
0 1 : 1 1 : 0 : 1 : 1
In/Out Output
P86C - - - i - - -
PORT7 W
P8CR Control 22h
Register 0 : : :
(no RMW) 0:Input 1:Output
P86F P85F P84F P83F P82F P81F P8OF
PORT8 - W - :
P8FC Function 23h : 0 : 0 : 0 : 0 : 0 : 0 : 0
Register :0: PORT :0: PORT :0: PORT :0: PORT :0: PORT :0: PORT :0: PORT
(D /WAIT i1:/CS5  i1:/CS4  i1:/CS3 i1:/CS2  i1:/CS1 i1:/CSO
(no RMW) : : : i /RAST1 i /RASO
Port A
SYMBOL NAME ADDRESS 6 5 4 3 : 2 : 1 : 0
- - PA4 PA3 : PA2 : PAI i PAO
PA PORTA 28h - RIW . -
1 1 : 1 : 1 : 1
: Output
- - 1 PA4F PA3F : PA2F PA1F PAOF
: W
PORTA 0 o ¢ 0o {0 i 0
PAFC ;:nic:;:: 28h i0: PORT  :0: PORT  :0: PORT  :0: PORT  :0: PORT
9 $1:WEO  i1:/OE1 :1: /OEO 111 /UcAso  i1:/CASO
: : : : i /LCASO
(no RMW)
PortB
SYMBOL NAME ADDRESS 6 5 4 3+ 2 f o1 oo
- - PB4 PB3 : PB2 : PB1 i PBO
PB PORTB 2Ch T RW T
1 1 : 1 1 : 1
: Output
- - | PB4F PB3F : PB2F PB1F PBOF
: W
PORTB 0 o : o { 0 i 0
PBFC ;Znic:{::' 2Fh :0: PORT  :0: PORT  :0: PORT  :0: PORT  :0: PORT
9 210 WET :1: /HUCAST :1: /HLCAST :1:/UCAST :i1:/CAS1
: : : /LUCAS1 :  /LCAS1
(no RMW) /LLCAS1
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PortC
SYMBOL | NAME |ADDRESS| 7 i 6 i 5 i 4 3 o2 i1 b0
- - - i - - 1 - . PC1 : PCO
: RIW
PC PORTC 30h -
0o : 0
: Input/Output
- - - - - ¢ - i pcic i PCOC
PORTC : : W
PCCR Control 32h -
Register 0 : 0
(no RMW) : (See below)
- - - - - 1 - i PCIF : PCOF
PORTC - : W
PCFC Function 33h T
Register 0 : 0
(no RMW) (See below)
PCFC PCCR function
....... 0 .i..0. . | Imputport
....... 0 ..i..\..|. OutputPort
........ KOS SR O I A VAL S
1 § 1 TO7/TOB
PortD
SYMBOL NAME ADDRESS 7 i 6 i 5 i 4 3 1 2 o1 i
- i PD6 ! PD5 : PD4 - i pD2 { PD1 : PDO
PD PORTD 34h ; RIW - - RW ;
0 : 0 : 0 0 : 0 : 0
Input/Output Input/Output
- ! PD6C : PD5C : PDAC - i PD2C : PDIC : PDOC
PORTD : :
PDCR | Control 36h - w - - w :
Register : 0 : 0 : 0 0 : 0 : 0
(no RMW) : 0:lnput 1:Output 0:Input 1:Output
- i PD6F : PD5F : PDA4F - ! PD2F : PDIF : PDOF
: : \"Y
PORTD : : W : : :
PDFC  |Function 37h i o0 v 0 ¢ 0 i 0 ¢ 0 0
Register {0: PORT :0: PORT :0: PORT {0: PORT :0: PORT :0: PORT
M:TI7 1: 76 1:TO6 1:TIS H: T4 1: TO4
(no RMW) ©INT7 i INT6 i © INT5  INT4
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TOSHIBA TMP94C251
Port E
SYMBOL NAME ADDRESS 7 i 6 i 5 i 4 2 ¢ 10
- : PE6 : PE5 : PE4 PE2 : PE1 : PEO
i R/W RIW
PE PORTE 38h : - - - -
: 0 : 0 : 0 0 : 0 : 0
§ Input/Output Input/Output
- ! PE6C : PESC : PEAC PE2C : PE1C | PEOC
PORTE :
PECR Control 3Ah : - W - - w :
Register : 0 : 0 : 0 0 : 0 : 0
(no RMW) : 0:lnput 1:Output 0:Input 1:Output
- i PE6F i PESF : PE4F PE2F : PETF i PEOF
: w
PORTE ; L : :
PEFC  |Function 3Bh i 0 ¢ o0 o i 0t 0 o0
Register i0: PORT :0: PORT :0: PORT i0: PORT :0: PORT :0: PORT
(1: TIB M1:TIA i1:TOA 1:TI9 (1:TI8
(no RMW) : INTB : INTA INT9 : INTS8
Port F
SYMBOL NAME ADDRESS 7 6 5 [ 4 2 ¢ 1 i
- PF6 : PF5 i PF4 PFR2 i PF1 i PFO
R/W R/W
PF PORTF 3Ch : - - ;
0 : 0 : 0 0 : 0 : 0
Input/Output Input/Output
- PF6C i PF5C @ PFAC PF2C i PFIC : PFOC
PORTF
PFCR Control 3Eh - w - - w :
Register o : 0 : 0 o i 0 i 0
(no RMW) 0:Input 1:Output 0:Input 1:Output
- PF6F i PFSF : PF4F PF2F i PFIF i PFOF
W
PORTF — : :
PFFC  |Function 3Fh : 0 ¢ o0 : o L
Register i0: PORT :0: PORT :0: PORT i0: PORT :0: PORT :0: PORT
i1:/CST1  i1: RxD1 :i1: TxD1 {1: /CSTO :1:RxDO :i1: TxDO
(no RMW) i SCLK1 : SCLKO :
Port G
SYMBOL NAME ADDRESS 7 6 5 [ 4 2 1 0
PG7 PG6 : PG5 : PG4 PG2 : PGI i PGO
PG PORTG 40h
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TOSHIBA TMP94C251

Port H

SYMBOL NAME |ADDRESS| 7 i 6 i 5 i 4 i 3 i 2 i 1 i 0

- - i - i PH4 i PH3 i PH2  PH1  PHO

PH PORTH 44h RIW

0o ¢! o0 { 0 i 0 i o0

Input/Output

- & - i - 1 PH4C i PH3C : PH2C i PHIC i PHOC

PORTH W

PHCR Control 46h

Register o : o0 : 0 i 0 i 0

(no RMW) : 0:Input 1:Output

- i - i - i} PHAF  PH3F : PH2F : PHIF  PHOF

PORTH : W

PHFC | Function 47h 0 ¢ 0 i 0 i 0 i o0

Register : : {0: PORT :0: PORT :0: PORT :0: PORT :0: PORT
(no RMW) : : (1D INTO  :1:TC3 i1: TC2 1:TC i1: TCO

PortZ

SYMBOL NAME |ADDRESS| 7 i 6 i 5 i 4 i 3 i 2 i 1 i 0

Pz7 i Pz6 i Pz5 : Pz4 : PZ3 i Pz2 : PZl : PZ0

PZ PORTZ 68h RIW

o ¢+ o ¢ o f{ o0 { O { 0 f 0 i 0

Input/Output

Pz7C i Pz6C : PzZ5C : Pz4C : Pz3C i Pz2C : PzI1IC : PZOC

PORTZ

PZCR Control 6Ah w

Register 0 5 0 5 0 : 0 5 0 5 0 : 0 5 0

(no RMW) 0:Input 1:Output
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(2) Timer
8 Bit Timer 01, 23
SYMBOL NAME  |ADDRESS| 7 | 6 5 A 11 0
: { T3RUN T2RUN T1RUN TORUN
: RIW
T8RUN gilrar:ter Control 80h 0 é 0 é 0 é 0
8 Bit Timer Run/Stop Control
0: Stop&Clear
1 : Run (Countup)
TREGO ﬁ:@'}t qmer 88h W
(no RMW) Undefined
TREG1 ﬁZgT;mer 89h w
(no RMW) Undefined
TOIM1 : TOIMO @ PWMO1 : PWMOO : TI1CLK1 : T1CLKO : TOCLK1 : TOCLKO
w
8Bit Timer 0, 1 6o : o0 : o0 i o0 i 0 i 0 )
TOTMOD Z(ORL;IEEELK 84h 00: 8bit Timer :00: - :00: TOOTRG :00: Reserved
01: 16bit Timer i01: 2%6-1 PWM :01: phT1 :01: phT1
10: 8bit PPG :10: 2x7-1  cycle :10: phT16 :10: phT4
(no RMW) | 11: 8bit PWM (11: 2%8-1 :11: phT256 111: phT16
TFF3C1 | TFF3CO : TFF3IE | TFF3IS | TFF1C1 | TFF1CO : TFF1IE | TFF1IS
W* R/W : W* R/W
8BitTimer - : - : 0 : 0 : - : - : 0 : 0
TFFCR Elclgrr)\-ttlc?lp 82h 100 Invert TFF3 :0: Don't Invert :00: Invert TFF1 :0: Don't :lnvert
01: SetT FF3 {1: TFF3 10: T2 :01: Set TFF1 11: TFF1 :0: TO
10: Clear TFF3 Invert :1:T3 :10: Clear TFF1 Invert (1:T1
11: Don't care Enable : i11: Don't care Enable :
TREG2 ﬁ:; Jimer 8Ah W
(no RMW) Undefined
TREG3 geB; e 8Bh W
(no RMW) Undefined
T23M1 T23MO PWM21 PWM20 T3CLK1 T3CLKO T2CLK1 T2CLKO
W
8BitTimer 2,3 o : o : ©o0o { O { O { ©0 { 0 i 0
T23MOD ;"“‘jl'éf)?'( 85h  150: 8bit Timer 00 — :00: TO2TRG :00: Reserved
01: 16bit Timer i01: 2#6-1 PWM  :01: phT1 i01: phT1
10: 8bit PPG 110: 2%7-1  cycle 10: phT16 110: phT4
(no RMW) [11: 8bit PWM i11: 2%8-1 i11: phT256 i11: phT16
: : : : : TR2DE : TRODE
R/W
Timer Reg. : 0 5 0
TRDC ?g:gloel I;:ffer 81h :0: Double Buffer
g :  Disable
:1: Double Buffer
Enable
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16 Bit Timer Control
SYMBOL NAME ADDRESS 7 6 P05 1 4 i3 P2 1 0
PRRUN : : : TARUN T8RUN T6RUN T4RUN
R/W : R/W
TT6RUN ;'?rr?; Control 9Eh 0 : 0 0 - é 0
Prescaler : 16 BitT imer Run/Stop CONTROL
0:Stop 0 : Stop&Clear
1: Run 1 : Run (Countup)
DBAEN DB8EN DB6EN DB4EN
Ti6cR | TATEOTETA | op : RIW :
Control 0 : 0 0 : 0
1: Double Buffer Enable
16 Bit Timer 4
SYMBOL NAME ADDRESS 7 6 5 4 3 2 1 0
16 Bit Timer aoh —
TREGAL Reg. 4L W
(no RMW) Undefined
16 Bit Timer 91h —
TREG4H Reg. 4H W
(no RMW) Undefined
16 Bit Timer 92h —
TREG5L Reg. 5L W
(no RMW) Undefined
16 Bit Timer 93h —
TREG5H Reg. 5H W
(no RMW) Undefined
Capture —
CAP4L Reg. 4L 94h R
Undefined
Capture —
CAP4H Reg. 4H 95h R
Undefined
Capture —
CAP5L Reg. 5L 96h R
Undefined
Capture —
CAP5H Reg. 5H 97h R
Undefined
: CAP4IN :CAP45M1:CAP45MO: CLE ! T4CLK1 i T4CLKO
POWx R/W
16 Bit Timer 4 : - : 0 : 0 : 0 : 0 : 0
TAMOD | Source CLK 98h i0: Soft  :Capture Timing : :Source Clock
&MODE i Capture:00: Disable i1:yca :00:TI4
51_ Don't 01: TI4T  TI5T : Clear :01: phT1
. 10: TI4T T4 110: phT4
: care  i11:TFF17] TFFT| Enable :11: phT16
i CAP5T4 : CAPAT4 : EQ5T4 EQ4T4 : TFF4C1 : TFF4CO
: RIW : W
16BitTimer4 0 : 0 : 0 : 0 : - : -
T4FFCR E“i:;lolp 3%h :TFF4 Invert Trigger :00: Invert TFF4
ontro :0: Trigger Disable :01: Set TFF4
i1: Trigger Enable :10: Clear TFF4
: i11: Don't care
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16 Bit Timer 6
SYMBOL NAME ADDRESS 7 6 5 4 3 2 1 0
16 Bit Timer AOh —
TREG6L Reg. 6L W
(no RMW) Undefined
16 Bit Timer A1lh —
TREG6H Reg. 6H W
(no RMW) Undefined
16 Bit Timer A2h —
TREG7L Reg. 7L W
(no RMW) Undefined
16 Bit Timer A3h —
TREG7H Reg. 7H W
(no RMW) Undefined
Capture —
CAP6L Reg. 6L Adh R
Undefined
Capture —
CAP6H Reg. 6H A5h R
Undefined
Capture —
CAP7L Reg. 7L A6h R
Undefined
Capture —
CAP7H Reg. 7H A7h R
Undefined
CAP7T7 | EQ7T7 : CAP6IN :CAP67M1:CAP67MO: CLE i T6CLK1 @ T6CLKO
R/W PoWx RIW
16 Bit Timer 6 o ¢{ o ¢ o ¢ o ¢ 0 { ©0 i 0 i 0
T6MOD | Source CLK A8h  |TFF7 INV TRG :0: Soft  :Capture Timing : :Source Clock
& MODE 0: TRG Disable :  Capture:00: Disable i1: UC6  :00:TI6
1: TRG Enable i1: Don't :01:TI6T TI77 : Clear :01: phT1
i care :10:TI6T TI6| :  Enable :10: phT4
: M1 TFFIY TFR1) i11: phT16
TFF7C1 | TFF7CO : CAP7T6 : CAP6T6 : EQ7T6 : EQ6T6 : TFF6C1 : TFF6CO
W : R/W : W
16 Bit Timer6 o i o { o0 { 0 i 0 i 0 i - i -
TGFFCR ?:r::;?lpl Ah 00: InvertT FF7 iTFF6 Invert Trigger :00: Invert TFF6
01: Set TFF7 :0: Trigger Disable 101: Set TFF6
10: Clear TFF7 i1: Trigger Enable 110: Clear TFF6
11: Don't care : :11: Don't care
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16 Bit Timer 8
SYMBOL NAME ADDRESS 6 5 4 3 2 1 0
16BitTimer BOh —
TREGSL Reg. 8L w
(no RMW) Undefined
16BitTimer B1h —
TREG8H Reg. 8H w
(no RMW) Undefined
16BitTimer B2h —
TREGIL Reg. 9L w
(no RMW) Undefined
16BitTimer B3h —
TREG9H Reg. 9H w
(no RMW) Undefined
Capture —
CAPSL Reg. 8L B4h R
Undefined
Capture —
CAP8H Reg. 8H B5h R
Undefined
Capture —
CAPIL Reg. 9L B6h R
Undefined
Capture —
CAP9H Reg. 9H B7h R
Undefined
! CAPSIN :CAP89M1:CAP8IMO: CLE ! T8CLK1 i T8CLKO
Cows RIW
16 Bit Timer 8 : 0 i 0 i i 0 i 0 P00
T8MOD | Source CLK B8h i0: Soft  :Capture Timing : :Source Clock
& MODE ! Capture:00: Disable (1:UC8  i01: phT1
{1: Don't :01:TI8T TI9T ! Clear :10: phT4
: care i10:TI8T TI8 : Enable :11: phT16
: M1 TFRIY TFFT) §
i CAP9T8 : CAP8T8 : EQ9T8 : EQ8T8 : TFF8C1 : TFF8CO
: RIW : W
16BitTimer8 S0 P00 P00 P00 - -
T8FFCR Elli_;lolp B9h :TFF8 Invert Trigger :00: Invert TFF8
ontro :0: Trigger Disable :01: Set TFF8
i1: Trigger Enable :10: Clear TFF8
: 111: Don't care
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16 Bit Timer A
SYMBOL NAME ADDRESS 7 6 5 4 3 2 1 0
16 Bit Timer COh —
TREGAL Reg. AL w
(no RMW) Undefined
16 Bit Timer C1lh —
TREGAH Reg. AH w
(no RMW) Undefined
TREGBL | 16 Bit Timer C2h w
(no RMW) Undefined
16 Bit Timer C3h —
TREGBH Reg. BH w
(no RMW) Undefined
Capture —
CAPAL Reg. AL Cdh R
Undefined
Capture —
CAPAH Reg. AH C5h R
Undefined
Capture —
CAPBL Reg. BL Céh R
Undefined
Capture —
CAPBH Reg. BH C7h R
Undefined
CAPBTB : EQBTB : CAPAIN :CAPABM1:CAPABMO: CLE ! TACLK1 i TACLKO
R/W oW R/W
16 Bit Timer A 6 (¢ o0 ¢ o0 ¢ o0 ¢ 0 ¢ 0 ¢ 0 ¢ O
TAMOD | Source CLK C8h TFFB INV TRG i0: Soft  :Capture Timing : :Source Clock
& MODE 0: TRG Disable ! Capture:00: Disable i1: UCA  i00: TIA
1: TRG Enable {1: Don't :01: TIAT TIBT Clear :01: phT1
i care 10:TIAT TIAJ Enable :10: phT4
: MUTFRIT TFF1Y 11: phT16
TFFBC1 : TFFBCO : CAPBTA : CAPATA : EQBTA : EQATA @ TFFAC1 : TFFACO
W : RIW : W
16 Bit Timer A o { o { 0O { 0 i 0 i 0 i o= i 0=
TAFFCR E'(')Fr’]tt':lp ©h 150 Invert TFFB “TFFA Invert Trigger :00: Invert TFFA
01: SetT FFB :0: Trigger Disable :01: Set TFFA
10: Clear TFFB i1: Trigger Enable :10: Clear TFFA
11: Don't care : 111: Don't care
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(3) Watchdog Timer
SYMBOL NAME |ADDRESS| 7 : 6 i 5 i 4 i 3 § 2 i 1 i 0
WDTE WDTP1 WDTPO - HALTM1 HALTMO RESCR DRVE
R/W RIW R/W
1t { o : 0 : ©O0 : 0 I o0 I 0 i o0
Watch Dog 1: WDT  :00: 2*16/fc :Fix to 0" :Standby Mode i1: Internali1: Drive
WDMOD | 1irher Mode 110h Enable 01: 2%18/fc : :00: Run Mode © WDT : pinin
$10: 2%20/fc :01: Stop Mode out : STOP
111z 2%22/f¢ :10: IDLE Mode connect: mode.
: :11: (Reserved) to Reset:
(no RMW) : Pin.
WatchDog W
WDCR TimerControl 111h
Register -
(no RMW) B1h : WDT Disable Code 4Eh : WDT Clear Code
(4) Clock Control
SYMBOL NAME ADDRESS 7 6 5 : 4 3 2 : 1 : 0
! WARM CLKOE | - { -
P L1 i 0 o
CLKMOD [ Clock Mode 10Ah ‘Warming 10: HighZ :Fixto "0"
guptime 1: out :
:0: 2°15/fc ; :
H1: 277/
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(5)  Serial Channels
SYMBOL NAME |ADDRESS| 7 : 6 i 5 i 4 3 2 o1 b0
. RB7 RB6 i RB5 RB4 RB3 RB2 RB1 RBO
Serial TB7 TB6 TB5 TB4 TB3 TB2 TB1 TBO
BUF h | DOh . -
SCoBU gu?fr;r;e 0 0 R (Receiving) / W (Transmission)
Undefined
RB8 EVEN : PE OERR : PERR FERR SCLK : 10C
R : R/W R (Clear 0 after reading) R/W
Serial _ 0 0 é 0 0 é 0 : 0 0
SCOCR | Channel 0 D1h  |Receive :Parity :Parity : 1: Error {0: SCLKO :0: Baud
Control Databit8 :0: Odd  :Addition ! g : : ; rate
51: Even 0 Disable; Overrun Parity Framing ;1:SCLKO 1 ggfzaa'
: :1: Enable : : : : { Pin
: : input
TB8 CTSE RXE wu :  SMI1 SMO SC1 SCO
R/W
Serial Undefi. { o { o ¢ o { o { o0 i 0o ¢ 0
SCOMOD | Channel 0 D2h  |Trans- :0: CTS :0: Receive:0: Wake :00: I/O interface :00:TO2 Trigger
Mode mission  Disable: disable : llsFi)sabIe :01: UART 7bit 501132:112;:;‘;
Data bit 8 i CTS 1 Re-:ewe;kvmke 5105 UART8b!t ;10:Internal clock ph1
Enable : Enable : up :11: UART 9bit :11: External clock
: ¢ Enable : SCLKO
- i - i BROCK! : BROCKO i BROS3 : BROS2 : BROS1 : BROSO
RW i : RIW
0 : : 0 : 0 0 : 0 : 0 : 0
rocr | Baud Rate D3h ; : : : - ' '
Channel 0 Only "0" :00: phTO (4/fc) iSet of the Divided frequency
:01: phT2 (16/f¢) £0000: 16 divisions
:10: phT8 (64/fc) :0001: don't set
:11: phT32(256/fc)  :0010 > 1111: 2 to 15 divisions
. RB7 RB6 : RB5 : RB4 : RB3 : RB2 : RBI RBO
Serial TB7 TB6 TB5 TB4 TB3 TB2 TB1 TBO
SC1BUF g:?fr;r:el ! Dah R (Receiving) / W (Transmission)
Undefined
RB8 EVEN : PE OERR PERR FERR SCLK 10C
R : R/W R (Clear 0 after reading) R/W
Serial - 0 {0 i 0 0o ¢ 0 i 0 [ 0
SC1CR | Channel 1 D5h  |Receive :Parity :Parity : 1: Error :0: SCLK1 :0: Baud
Control Databit8 i0: Odd  :Addition i : : : i rate
51: Even O Disableg Overrun Parity Framing 51:SCLK1 1 gglrjzga.
: :1: Enable : : : : S pin
: : input
TB8 CTSE RXE Wwu i SMI1 SMO SC1 SCO
R/W
Serial Undefi. 0 0 0 _ 0 g 0 ! 0 0
SCIMOD | Channel 1 D6h [Trans- 1: CTS i1: Receive:1: Wake :00: /O interface :00: TO2 Trigger
Mode mission : Enable : Enable : up i01: UART 7bit §01:lg32‘r112::l:gr
Data bit 8 5 : Enable :10: UARTSb!t £10: Internal clock ph1
: :11: UART 9bit :11: External
: : 5 é © clockSCLKT
-  BR1CK1 : BRICKO : BR1S3 BR1S2 BR1S1 BR1S0
RW i ; RIW
0 : : 0 : 0 0 : 0 : 0 : 0
BRICR Baud Rate D3h : : : : E : :
Channel 1 Only "0" :00: phTO (4/fc) ‘Set of the Divided frequency
:01: phT2 (16/fc) :0000: 16 divisions
:10: phT8(64/fc) :0001: don't set
:11: phT32 (256/fc) 10010 > 1111: 2 to 15 divisions
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(6) A/D Converter
SYMBOL NAME  |ADDRESS| 7 | 6 5 4 i 3 2 1 0
EOCF i ADBF RPT SCAN ADS
R RIW
o : 0 : 0 { 0 i 0
ADMOD1 ﬁ/llgdeRng 128h T Busy or :0: Stop :Repeat  iScan :
Stop  :1: Busy : :Mode :Mode
1: End : : :0: Once  :0: Settle Conver.
: : : : :1: Repeat :1: Scan
VREFON : . SPEED1 : SPEEDO : i ADCH2 : ADCH1 : ADCHO
RIW RIW é : RIW
1 0 i 0 : 0 ¢ 0 i 0
ADMOD2 ﬁﬂlgde Reg. 2 129h |0: Ladder Resistance ;SpeedSeIect ;(See below)
; off :00: 160 state : :
1: Ladder Resistance :01: 320 state
on :10: 640 state :
i11: 1280 state :
A/D Result ADROT | ADROO : - § - ¢ - - - -
ADREGOA4L | Reg 0/4 120h R
Low Undefined 1% 1x i 1 1* 1x 1%
A/D Result ADR09 : ADR0O8 : ADRO7 : ADR0O6 : ADRO5 : ADR04 : ADRO3 : ADR02
ADREGO4H | Reg 0/4 121h R
High Undefined
A/D Result ADR11 ;| ADR10 - - - - - -
ADREG15L |Reg 1/5 122h R
Low Undefined 1k 1% s Pk L
A/D Result ADR19 : ADR18 : ADR17 : ADR16 : ADR15 : ADR14 : ADR13 : ADRI12
ADREG15H | Reg 1/5 123h R
High Undefined
A/D Result ADR21 : ADR20 - i - - - - -
ADREG26L | Reg 2/6 124h R
Low Undefined . P = 1% i 1w ™ 1 1«
A/D Result ADR29 : ADR28 : ADR27 ; ADR26 : ADR25 : ADR24 : ADR23 : ADR22
ADREG26H | Reg 2/6 125h R
High Undefined
A/D Result ADR31 i ADR30 - i - i - - - -
ADREG37L |Reg 3/7 126h R
Low Undefined P ™ 1 1% 1« v L 1«
A/D Result ADR39 : ADR38 : ADR37 : ADR36 : ADR35 : ADR34 : ADR33 : ADR32
ADREG37H | Reg 3/7 127h R
High Undefined
SCAN
0 1
ADCH [2:0]
000 ANO ANO
001 AN1 ANO - AN1
010 AN2 ANO - AN1 — AN2
011 AN3 ANO - AN1 —AN2 = AN3
100 AN4 AN4
101 ANS AN4 — AN5
110 AN6 AN4 — AN5 — AN6
111 AN7 AN4 — AN5 —> AN6 —> AN7
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(7) D/A Converter
SYMBOL NAME ADDRESS 6 5 4 3 2 1 0
D/A '
DAREGO [ Conversion 130h -
Reg. 0 Undefined
(no RMW) D/A conversion startat DAREGO input, and intime the datais send to DAOUTO.
D/A w
DAREG1 | Conversion 131h
Reg. 1 Undefined
(no RMW) D/A conversion startat DAREG1 input, and intime the datais send to DAOUTI1.
: : : : : DA1DR DAODR
R/W
DADRV RDéAiE’t:‘r’e 132h L .
J :0: OV Output
:1: Conversion Data
i Output
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(8) Interrupt Control
SYMBOL NAME  |ADDRESS| 7 6 5 4 3 2 0
INTAD INTO
IAD IADM2 : IADM1 : IADM I OM2 : I0M1 I0M
INTEOAD |NTO &INTAD Foh C 0 0C 0 0 O0MO
Enable R R/W R R/W
0 0o i 0 0 0 o : 0 0
INT5 INT4
15C I5M2 I5M1 I5M0 14C 14M2 14M1 14M0
INTE4s | INTA&INTS Eoh
Enable R R/W R R/W
0 0o i 0 0 0 0 : 0 0
INT7 INT6
I7C I7M2  © 17MH1 17MO 16C 6M2 : 16M1 16MO
INTEe7 |INT6 &INTZ E1h
Enable R RIW R R/W
0 0 : 0 0 0 0o : 0 0
INT9 INTS
19¢ 19M2 19MI1 19M0 18C 18M2 18M1 18MO
INTEgo | INTB&INT9 E2h
Enable R R/W R R/W
0 0 o0 0 0 0 : o0 0
INTB INTA
IB IBM2 : IBM1 IBM IA IAM2 1 1AM IAM
INTEAB | INTA &INTB E3h C 0 C 0
Enable R R/W R R/W
0 0 i 0 0 0 0 i 0 0
INTT1 (Timer1) INTTO (Timer0)
IT1C ITIM2 © IT1MA ITIMO ITOC ITOM2 © ITOM1 ITOMO
INTETO1 | INTTO&INTT Eah
Enable R RIW R R/W
0 0o i 0 0 0 0o i 0 0
INTT3 (Timer3) INTT2 (Timer2)
IT3C IT3M2 © IT3M1 IT3MO IT2C IT2M2 © IT2M1 IT2MO
INTET23 | INTT2 &INTT3 Esh
Enable R R/W R R/W
0 0o i 0 0 0 0o : 0 0
INTTS (TREG5) INTT4 (TREG4)
INTTR4 & IT5C ITSM2 © IT5MH1 ITSMO IT4C IT4M2 © IT4M1 IT4MO
INTET45 | INTTRS E6h
Enable R R/W R RIW
0 0 i 0 0 0 0 : 0 0
INTT7 (TREG7) INTT6 (TREG6)
INTTR6 & IT7C IT7M2 © IT7M1 IT7MO IT6C IT6M2 : IT6M1 IT6MO
INTET67 | INTTR? E7h
Enable R __RW R _RW
0 0 { 0 0 0 0o I 0
INTT9 (TREG) INTT8 (TREGS)
INTTR8 & IT9C ITOM2 © IT9M1 ITOMO IT8C IT8M2 : IT8M1 IT8MO
INTET89 | INTTR9 E8h
Enable R _ RIW R _ R/W
0 0 i o0 0 0 o i o0 0
INTTB (TREGB) INTTA (TREGA)
INTTRA & ITBC ITBM2 : ITBM1 ITBMO ITAC ITAM2 © ITAM1 : ITAMO
INTETAB | INTTRB E9h
Enable R R/W R RIW
0 0o i 0 0 0 0o : 0 0
INTTXO : INTRXO
INTRXO & ITXOC : ITXOM2 : ITXOM1 : ITXOMO @ IRXOC : IRXOM2 : IRXOM1 : IRXOMO
INTESO | INTTXO EAh
Enable R RIW R RIW
0 0 i 0 0 0 0o : 0 0
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SYMBOL NAME |ADDRESS| 7 | 6 | 5 4 3 ' 0
INTTX1 _ INTRX1
INTRX1 & ITX1C © ITXIM2 © ITXIM1 © ITXIMO : IRX1C : IRX1IM2 : IRXIM1 : IRX1MO
INTEST |INTTX1 EBh : : : : : : :
Enable R __RW R _RW
0 i 0 i 0 0 0 0 i 0 0
INTTC1 _ INTTCO
INTTCO & ITC1IC © ITCIM2 : ITCIM1 : ITCIMO © ITCOC : ITCOM2 : ITCOM1 : ITCOMO
INTETCO1 | INTTCT ECh :
Enable R 5 __RWw R __Rw
o : 0 I 0 0 0 o I 0 0
INTTC3 : INTTC2
INTTC2 & ITC3C © ITC3M2 : ITC3M1 : ITC3MO @ ITC2C : ITC2M2 : ITC2M1 : [TC2MO
INTETC23 |INTTC3 EDh : : : - : : -
Enable R R/W R RIW
0 { 0 i 0 0 0 0 i 0 0
INTTC5 _ INTTC4
INTTCA & ITC5C : ITC5M2 : ITC5M1 © ITCSMO : ITC4C : ITCAM2 @ ITCAM1 @ ITC4MO
INTETC45 |INTTC5 EEh :
Enable R : R/W R R/W
o ¢ 0 i 0 0 0 0 i 0 0
INTTC7 : INTTC6
INTTC6 & ITC7C © ITC7M2 © ITCZM1 © ITC7MO @ ITC6C : ITC6M2 @ ITC6M1 © ITC6MO
INTETC67 |INTTC? EFh ; : : : : : -
Enable R : R/W R R/W
0 : 0 i 0 0 0 0 i 0 0
NMI INTWD
ITCNM . 0 : 0 0 ITCWD 0o : 0 0
INTNMwDT| NM! & INTWD F7h ' :
Enable R R
0 0
IxxM2 IxxM1 IxxMO Function (Write)
0 0 0 Disables interrupt request.
0 0 1 Sets interrupt request level to “1”.
0 1 0 Sets interrupt request level to “2".
0 1 1 Sets interrupt request level to “3”.
1 0 0 Sets interrupt request level to “4".
1 0 1 Sets interrupt request level to “5”.
1 1 0 Sets interrupt request level to “6".
1 1 1 Disables interrupt request.
SYMBOL NAME ADDRESS 6 2 1 P0
0 © IOLE : NMIREE
R/W
0 0
INTerrupt P T N
IIMC | Input Mode F6h [0:INTO :1: Oper
edge ate
control :
i mode even at
10 INTO /NMI
i level rise
mode edge
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SYMBOL NAME ADDRESS 7 6 5 4 1 3 2 1 0
Interrupt _ _ W _ _ _
INTCLR | Clear F8h 0 o i o { o i o i o i o i 0
Control (no RMW) Interrupt Vector
: DMADO Start Vector
DMA 0 0 0  :DMAOV5 : DMAOV4 : DMAOV3 : DMAQOV2 : DMAOV1 : DMAOV(
DMAOV |Start 100h : : — T 0 T o0 o
Vector 0 : 0 : : : :
RIW
: DMA1 Start Vector
DMA1 0 0 i DMAI1V5 : DMA1V4 i DMA1V3 i DMAOV2 : DMA1V1 i DMATVO
DMA1V |Start 101h : : — 0 o o
Vector 0 : 0 : : : ;
RIW
: DMAZ2 Start Vector
DMA 2 0 0 : DMA2V5 | DMA2V4 : DMA2V3 : DMA2V2 : DMA2V1 i DMA2VO
DMA2V |Start 102h : : ; — % %
Vector 0 : 0 : 0 : : :
RAW
: DMA3 Start Vector
DMA 3 0 0  :DMA3V5 : DMA3V4 : DMA3V3 : DMA3V2 : DMA3V1 : DMA3V0
DMA3V |Start 103h : ; — % o %
Vector 0 : 0 : : : ;
RAW
: DMAA4 Start Vector
DMA 4 0 0  : DMA4V5 : DMA4V4 : DMAA4V3 : DMA4V2 : DMA4V1 : DMA4VO
DMA4V |Start 104h : : e e S
Vector 0 : 0 : : : :
RIW
: DMADGS Start Vector
DMA 5 0 0  :DMAS5V5 : DMA5V4 : DMAS5V3 : DMASV2 | DMASV1 : DMAS5VO
DMASV | Start 105h : : : : 0 : 0 : 0
Vector o :+ o0 ¢+ 0o : :
RIW
: DMAG Start Vector
DMA 6 0 0  :DMAGV5 : DMAGV4 : DMAGV3 : DMAGV2 : DMAGV1 : DMAGV(
DMAGV |Start 106h : ; — 0 0 %
Vector 0 : 0 : : : :
RAW
: DMA7 Start Vector
DMA?7 0 0  :DMA7V5 : DMA7V4 : DMA7V3 : DMA7V2 : DMA7V1 i DMA7V0
DMA7V |Start 107h : : — 0 ¢ o
Vector o : 0 : i ! 5
RIW
DMA Burst
DMA DBST7 DBST6 : DBST5 : DBST4 : DBST3 : DBST2 : DBST1 : DBSTO
DMAB 108h : : : : : :
Burst 0 0 : 0 : 0 : 0 : 0 : 0 : 0
RIW
DMA Request
DREQ7 : DREQ6 : DREQ5 : DREQ4 @ DREQ3 @ DREQ2 : DREQ1 : DREQQ
DvAR |BMA 109h Q Q : Q : Q : : : :
Request 0 o { o i o { 0 < o0 i o0 i o0
RIW
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(99 Memory Controller
SYMBOL NAME |ADDRESS| 7 i 6 i 5 i 4 i 3 i 2 i 1 i 0
{ BOWW2 i BOWW1 i BOWWO : { BOWR2 : BOWR1 : BOWRO
: W : : W
Block 0 : 0 : 1 : 0 : 0 : 1 : 0
BOCSL ES/r\\IXrA:Tr ) 140h 001: Owait 101 : 2 wait [001: Owait 101 : 2 wait
ontroireg. i010: Twait 110 3 wait :010: Twait 110 3 wait
:011: N wait :011: N wait
(no RMW) ‘others: (Reserved) : ‘others: (Reserved)
BOE : BOREC : BOOM1 : BOOMO : BOBUS1 : BOBUSO
w W W
Block 0 0 0 o ¢ 0 ¢ 0 i 0
BOCSH Ezlr\a/:)ll-rre H 14th CSselect ERecovery :00: SRAM/ROM :00: 8 bit
9- 1:enable :0:0state :01: (Reserved) :01: 16 bit
0O:disable : 11:1state :10: (Reserved) 110: 32 bit
(no RMW) : : : :11: (Reserved) 111: (Reserved)
MO0V20 MOV19 MO0V18 MOV17 MOV16 MOV15 §MOV14-V9§ Movs8
Memory Start RAW
MAMRO [ Address Mask 142h : T "
reg. 0 1 1 o o P R 1 1
0: Compare enable 1: Compare disable
MO0S23 i MO0S22 i MOS21 : MO0S20 : MOS19 : MOS18 : MOS17 : MOS16
Memory Start
MSARO [ Address 143h - R/W -
reg.0 1 1 1 : 1 : 1 : 1 1 1
Set start address A23 to A16
P BIWW2 : B1WW1 : BIWWO { BTWR2 : B1WR1 i B1WRO
' w : : w
Block 1 o0 P00 : 0 0
B1CSL gcs)/r:l'z/:):};e L 144h :001: 0 wait 101 : 2 wait :001: 0 wait 101 : 2 wait
g- :010: 1 wait 110 : 3 wait :010: 1 wait 110 : 3 wait
:011: N wait :011: N wait
(no RMW) :others: (Reserved) :others: (Reserved)
B1E : B1REC B10M1 B10OMO : B1BUS1 : B1BUSO
W w w
Block 1 0 0 o : o i 0 i 0
B1CSH Ez’r\]’mﬁe y 145h T eg select ‘Recovery :00: SRANM/ROM :00: 8 bit
9- 1:enable : :0:0state :01: (Reserved) :01: 16 bit
O:disable : i1:1state :10: DRAM 110: 32 bit
(no RMW) : : i11: (Reserved) 111: (Reserved)
M1V21 © M1V20 © M1VI9 § MIVI8 i M1V17 i M1VI6 M1V15-V9: M1V8
Memory Start RAW
MAMR1 [ Address Mask 146h - : .
reg. 1 1 1 I 1 1
0 : Compare enable 1: Compare disable
M1523 M1522 M1521 M1520 M1S19 M1518 M1517 M1S16
Memory Start
MSAR1 [ Address 147h - R/W - -
reg. 1 1 1 I T
Set start address A23 to A16
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SYMBOL NAME ADDRESS 7 : 6 : 5 : 4 : 3 : 2 1 : 0
{ B2WW2 : B2WW1 : B2WWO | { B2WR2 : B2WR1 : B2WRO
: W : : W
Block 2 P01 10 C0 1 10
B2 AT L 148h 1001: Owait 101 : 2wait 1001: Owait 101 : 2wait
ontrolreg. :010: 1 wait 110 : 3 wait :010: 1 wait 110 : 3 wait
:011: N wait :011: N wait
(no RMW) others: (Reserved) : ‘others: (Reserved)
B2M B2REC : B20M1 : B20MO : B2BUS1 : B2BUSO
W W
Block 2 0 0 o i o0 i 0 0
B2CSH Ez’r‘]’m'ﬁe y 149h - 16MB “Recovery :00: SRAN/ROM :00: 8 bit
9 : Sets i0:0state i01: (Reserved) :01: 16 bit
area. 11:1state :10: (Reserved) 110: 32 bit
{(no RMW) : :11: (Reserved) 111: (Reserved)
M2v22 M2v21 M2V20 M2V 19 M2V18 M2V17 M2V16 M2V 15
Memory Start RIW
MAMR2 | Address Mask 14Ah : : T T T
reg.2 ! 1 1 : 1 : 1 1 : 1 : 1
0 : Compare enable 1: Compare disable
M2523 | M2522 | M2S21 : M2520 : M2S19 : M2S18 : M2S17 @ M2516
Memory Start
MSAR2 [ Address 14Bh : R/W - - -
reg. 2 ! L S S S S S N S N S NN N
Set start address A23 to A16
B3WW?2 B3WW1 B3WWO0 B3WR2 B3WRI1 BOWRO0
H W H H W
Block 3 : 0 : 1 : 0 : 0 : 1 : 0
B3CsL ESNXA'IT ) 14ch 001: Owait 101 : 2 wait [001: Owait 101 : 2 wait
ontroireg. i010: Twait 110 3 wait :010: Twait  110: 3 wait
:011: N wait :011: N wait
(no RMW) ‘others: (Reserved) : iothers: (Reserved)
B3E : B3REC : B30M1 : B3OMO : B3BUST : B3BUSO
w w W
Block 3 0 0 o i 0 i 0 0
B3CSH gcs)/r:,'zllf)llte H 14Dh CSselect :Recovery :00: SRAM/ROM 100: 8 bit
9 1: enable : :0:0state :01: (Reserved) :01: 16 bit
0: disable : i1:1state :10: DRAM 110: 32 bit
(no RMW) : : :11: (Reserved) :11: (Reserved)
M3V22 | M3V21 i M3V20 i M3V19 i M3V18 i M3V17 i M3V16 i M3V15
Memory Start RIW
MAMR3 | Address Mask 14Eh - - - - -
reg. 3 1 1 o 1 : 1 P : 1 ; 1
0: Compare enable 1: Compare disable
M3s523 M3522 M3521 M3S520 M3519 M3518 M3S17 M3S16
Memory Start
MSAR3 [ Address 14Fh - R/W -
reg. 3 1 N 1 1
Set start address A23 to A16
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SYMBOL NAME |ADDRESS| 7 ! 6 { 5 i 4 i 3 i 2 i 1 [ Q¢
B4AWW?2 B4AWW 1 BAWWO B4WR2 B4WRI1 B4AWRO0
' W : : w
Block 4 S0 P00 o0 : 0
B AT L 150h 1001: Owait 101 : 2wait 1001: Owait 101 : 2wait
° g- :010: 1 wait 110 : 3 wait :010: 1 wait 110 : 3 wait
:011: N wait :011: N wait
(no RMW) ‘others: (Reserved) : ‘others: (Reserved)
B4E : B4REC : B4OM1 : BAOMO : B4BUST : B4BUSO
W W : W
Block 4 0 o i o { 0o i o0 0
BAGSH OMIAT | TN [csselect | ‘Recovery :00: SRAM/ROM ___:00: 8 bit
° 9 1: enable : i0:0state :01: (Reserved) :01: 16 bit
0: disable : i1:1state :10: (Reserved) 110: 32 bit
(no RMW) : : :11: (Reserved) 111: (Reserved)
M3v22 M3v21 M3V20 M3V19 : M3V18 M3V17 M3V16 M3V15
Memory Start RIW
MAMR4 [ Address Mask 152h - - - -
reg. 4 1 1 o : 1 : 1 P 1 1
0 : Compare enable 1: Compare disable
M3523 M3522 V3521 M3S20 : M3S19 M3518 M3517 M3516
Memory Start
MSAR4 [ Address 153h - - R/W -
reg.4 1 1 : 1 : 1 : 1 : 1 1 1
Set start address A23 to A16
{ BSWW2 : BSWW1 i BSWWO : : BSWR2 i B5WR1 : B5WRO
: w i : w
Block 5 o0 i1 0 ) 1 i 0
BSCsL ESNXA'IT ) 154h '001: Owait 101 : 2 wait '001: Owait 101 : 2 wait
ontroireg. i010: Twait  110: 3 wait :010: Twait 110 3 wait
:011: N wait :011: N wait
(no RMW) ‘others: (Reserved) : iothers: (Reserved)
BSE : BSREC : B50OM1 : B5OMO : B5BUST : B5BUSO
w w H W
Block 5 0 0 o0 0 i o0 0
B5CSH gcs)/r:,'zllf)llte H 155h CS select {Recovery :00: SRAM/ROM 100: 8 bit
9 1: enable : :0:0state :01: (Reserved) 101: 16 bit
0: disable : i1:1state :10: (Reserved) 110: 32 bit
(no RMW) : : :11: (Reserved) 111: (Reserved)
M5V22 © M5V21 i M5V20 i M5V19 : M5V18 i M5V17 i M5V16 i M5V15
Memory Start :
MAMRs |AddressMask |56, : : RW :
reg.5 1 1 : 1 : 1 : 1 : 1 1 1
0: Compare enable 1: Compare disable
M5S523 M5522 M5521 M5520 M5S519 M5518 M5S517 M5S516
Memory Start
MSAR5 | Address 157h - T R/W H
reg. 5 1 1 : 1 : 1 : 1 : 1 1 1
Set start address A23 to A16
i OPGE : OPWR1 : OPWRO : PRI PRO
R/W
o0 o0 P00 1 0
Page ROM H S : : —
PMEMCR | Control 166h EROMpage éWalt number on éByte numberina
reg ;access ipage ipage
) :0: Disable :00: 1 CLK (n-1-1-1 mode):00: 64 Byte
i1: Enable :01: 2 CLK (n-2-2-2 mode):01: 32 Byte
: :10: 3 CLK (n-3-3-3 mode): 10: 16 Byte
{11: (Reserved) i11: 8 Byte
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(10) DRAM Controller
SYMBOL NAME ADDRES 7 6 5 4 3 2 1 0
CHOEN CH1EN
R/W
DRAM r
DRAMEXT | Select 15Ch o 0
Enable DRAMSELQ : :DRAMSEL1:
0: Disable : :0: Disable :
1: Enable : 5 i1: Enable : : :
SFRCO BRMO :DRAMSELO: MUXEO :MUXWO1 : MUXWO0 i MACO
1 _ 0 é 0 0 : 0 : 0 0
DRAM 0 Self- gB sreleasegDRAM gaddress ;l\/IuIti Iexe(;I length ;memor
DRAMOCRL | Control 160h ;o 5 ;adare : p 9 : y
Register L refresh imode iselect ‘multiplex :address iaccess
9 0: Exec. icontrol :0: 16Mbit :0: disable :00: 8bit icontrol
1: Rele. i0: Rele.  :1:64Mbit :1: Enable :01: 9bit :0: Disable
{1: Not : £10: 10bit i1: Enable
: ! release : 111: 11bit :
POWW1 | POWWO : POWR1 POWRO PGEQ
R/W
DRAM 0 1 ; 0 1 ; 0 0
Control : : : :
DRAMOCRH Register 161h 00: (Reserved) :00: (Reserved) :DRAM
H 01: 1wait(n-2-2-2 mode) :01: Twait(n-2-2-2 mode) :page
10: 2wait(n-3-3-3 mode) :10: 2wait(n-3-3-3 mode) :access
11: (Reserved) :11: (Reserved) :1:Enable : : :
SFRCT BRM1 :DRAMSEL1: MUXE1 :MUXW11 : MUXW10: MACI
R/W
1 f 0 ¢ 0 ¢ 0 i 0 i 0 i 0
DRAM1CRL Egrf:cl:lcl)” 162h Self- :Bus release:DRAM laddress  :Multiplexed length  :memory
Register L refresh imode iselect imultiplex :address ‘access
9 0: Exec. icontrol :0: 16Mbit :0: disable :00: 8bit icontrol
1: Rele. :0: Rele.  :1:64Mbit :1: Enable :01: 9bit :0: Disable
:1: Not : : 110: 10bit i1: Enable
: ! release $11: 11bit :
PIWW1 { PIWWO i PIWR1 i P1WRO PGE1
Control : : : ;
DRAM1CRH Register 163h 00: (Reserved) :00: (Reserved) :DRAM
H 01: 1wait(n-2-2-2mode) :01: Twait(n-2-2-2 mode) :page
10: 2wait(n-3-3-3 mode) :10: 2wait(n-3-3-3 mode) :access
11: (Reserved) i11: (Reserved) {1:Enable
DMO RS02 RSO1 RSO0 RW02 RWO1 RWO00 RCO
R/W
DRAM 0 o : o o0 o0 i 0 i o i o i o
DRAMOREF | Refresh 164h |Dummy :Refresh cycle insertion at :Refresh cycle width :Refresh
Control cycle : 000: 78 100: 246 : 000: 2 100: 6 icycle
0: Prohibit : 001: 154 101: 302 001:3 101:7 :0: Not
1: Execute : 010: 188 110: 308 010: 4 110: 8 ! insert
011: 226 111: 384 011:5 111:9 1: insert
DM RS12 : RS11 : RS10 : RWI12 i RWI11 : RWI0 : RCI
R/W
DRAM 1 o { o ¢ o : o : o : o0 { o0 i 0
DRAM1REF | Refresh 165h [Dummy :Refresh cycle insertion at :Refresh cycle width iRefresh
Control cycle i 000: 78 100: 246 i 000:2 100: 6 icycle
0: Prohibit:  001: 154 101: 302 001:3 101:7 :0: Not
1:Execute ! 010: 188 110: 308 010: 4 110: 8 ! insert
011: 226 111: 384 011:5 111: 9 {1:insert
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(n

(2)

CARE POINTS AND RESTRICTION

Special Expression

D

®

Explanation of a built-in I/O register: Register Symbol <Bit Symbol >
ex) TSRUN <TORUN >...Bit TORUN of Register TSRUN

Read-modify-write Instructions

An instruction which CPU executes following by one instruction.
ex1) SET 3, (T8RUN) ...set bit3 of TRUN

ex2) INC 1, (100H) ...increment the data of 100H

® The Read-modify-write Instructions in the TLCS-900
SET imm,mem , RES imm,mem
CHG imm,mem , TEST imm, mem
INC imm,mem , DEC imm,mem

RLD A,mem , ADD imm,reg

Care Points

@

®

Watchdog timer
As the watchdog timer is enabled after a reset, disable the watchdog timer when it is not required.

Note that during bus release, the I/O block including the watchdog timer, still operate.

When releasing the external reset using “built-in clock doubler” until the internal reset is released,
the requiring time to stabilize the circuit is automatically set. See “3.1.2 Reset Operation” for
details. Also when releasing standby mode in STOP mode using an interrupt until the internal
circuit starts the operation, the stable time of the oscillator is automatically input. See “3.4 Standby
function (3) STOP mode” for details.

Undefined bit in the built-in I/O register
When reading the undefined bit in the built-in I/O register, the undefined value is output. Thus,

when creating program, it should not be depending on this bit condition.

Setting Data Bus

When starting up with 8 bit data bus by setting AMO0 and AM1 pin after the reset is released, the
upper data bus is set to input port, thus, when using the upper data bus, change the port control
register of its data bus pin.
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