TOSHIBA

TLCS-90 Series

TMP90CO051

CMOS 8-Bit Microprocessor
TMP90CO51F

1. Overview and Features

The TMPO0CO51F is a high-speed 8-bit CMOS microproces-
sor with advanced functions and was developed for applica-
tion in various types of device control.

The TMPOOCO51F is a single-chip, 8-bit CMOS micropro-
cessor that integrates peripheral functions such as DMA, DRAM
controller, serial interface, timer/event counter and real time
clock with an 8-bit CPU (TLCS90) core. Memory area can also
be extended up to 8M bytes depending on the MMU.

The TMPO0CO051F features are as follows.

(1) Highly efficient instruction group
Number of basic instructions: 167

Multiplication and division instructions, 16-bit arithmetic
operation instructions and bit operation instructions.

(2)  Minimum instruction execution times: 250ns (at
16.0MHz)

(8)  Memory extension capability
Address space: 8M byte (max)

(4)  DMA (2 channels)
Maximum transfer speed: 2-byte transfer;
0.88M byte/sec (at 16.0MHz)

The information contained here is subject to change without notice

DRAM controller

General-purpose serial interface (2 channels)

UART (transmit/receive)

I/O interface mode (transmit/receive)

Thermal printer head (transmit)

8-bit timer/event counter (4 channels)

Real time clock: Clock and calendar functions/battery
backup capability.

Stepping motor control pattern generation ports
(2 channels)

Input/output port (31-pin)

Interrupt functions:11 internal, 9 external.

Micro DMA function

Maximum transfer speed: 0.34M byte/s (at 16.0MHz)
Watchdog timer function

Standby function (3 halt modes)

The information contained herein is presented only as guide for the applications of our products. No responsibility is assumed by TOSHIBA for any infringements of patents or other rights of the third parties

which may result from its use. No license is granted by implication or otherwise under any patent or patent rights of TOSHIBA or others. These TOSHIBA products are intended for usage in general electronic
equipments (office equipment, communication equipment, measuring equipment, domestic electrification, etc.) Please make sure that you consult with us before you use these TOSHIBA products in equip-

ments which require high quality and/or reliability, and in equipments which could have major impact to the welfare of human life  (atomic energy control, spaceship, traffic signal, combustion control, all types
of safety devices, etc.). TOSHIBA cannot accept liability to any damage which may occur in case these TOSHIBA products were used in the mentioned equipments without prior consultation with TOSHIBA.
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Figure 1. TMP90CO051F Block Diagram
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2. Pin Layout and Functions 2.1 Pin Layout Diagram
This section shows the TMPO0CO51F pin layout diagram, and Figure 2.1 shows the TMPOOCO051F pin layout.
describes the input/output pin names and functions.
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Figure 2.1. Pin Layout Diagram (80-pin Flat Package) [TOP VIEW]
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2.2 Pin Names and Functions Table 2.2 Shows the input/output pin names and functions.

Table 2.2 Pin Names and Functions (1/3)

Pin Name Numb.er of pins Input/output or tristate Function
(pin no.)
8 . Lower address/data bus: Used as both the lower 8-bit address bus (output) and
ADO ~ AD7 (37 - 44) Input/output or tristate data bus (bi-directional).
8 .
A8~ A15 (45 -52) Output The upper 8-bit address bus.
Output Port 2: A 7-bit output port. Qutputs “0” after reset.
Address bus: The extension (upper) address bus. Outputs “0” after reset; there-
fore, the TMP90CO051F address area is 0 - 64K bytes until a value other than
000H is written to EXPAQ and EXPA1 of the MMU register group after a reset;
therefore, A16 - A22 output zeros (0).
When a logical address indicates within the local area (local 0 or local 1) range
P20 ~ P26 7 when the MMU is started, the physical addresses generated by the MMU are
(A16 ~A22) (54 ~60) Output outputs to A16 - A22,
Zeros (0) are output to A16 - A22 when a logical address indicates within the common
area (common 0 or common 1) range.
When an indirect extension address area is accessed using the CPU index regis-
ter the address value loaded to the BX or BY register is output to A16 - A22.
When data are transferred using high-speed micro DMA, the address value loaded to
the DIMA bank register is output to A16 - A22.
RD (612) Output Read: The strobe signal output used to read data from external memory.
WR (613) Output Write: The strobe signal output used to write data to external memory.
WATT 1 Input Wait: An input pin used to connect memory with slow access time and periph-
(65) eral LSIs.
NV 1 nout Non-maskable interrupt request pin:
(29) P The input pin used to generate interrupt requests on the fall edges
P30 () Outout Port 30: A 1-bit output port. Outputs “1” after reset.
—c utpu
(RAS) (61) P RAS: Outputs the RAS timing required for refreshing the DRAM of CAS before RAS.
P31 1 Inout Port 31: A 1-bit output port. Outputs “1” after reset.
o npu
(CAS) (64) P CAS: Outputs the CAS timing required for refreshing the DRAM of CAS before RAS.
Port 32: A 1-bit output port. Outputs “1” after reset.
P32 1 Chip select: The external memory chip select output pin. When a start address
©S) (66) Output and area size are loaded to the control register in the dynamic RAM controller,
“0” is output from the CS pin whenever the TMP90C051F accesses that address
range.
P33 ’ Port 33: A 1-bit output port. Outputs “1” after reset.
(DACTO) (67) Output DMA active 0: Outputs zeros (0) while data are being transferred via high-speed
micro DMA channel 0.
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Table 2.2. Pin Names and Functions (2/3)

Number of pins

Pin Name (pin no.) Input/outpu t or tristate Function
P34 ’ Port 34: A 1-bit output port. Qutputs “1” after reset.
(DACTY) (68) Output DMA active 1: Outputs zeros (0) while data are being transferred via high-speed micro DMA
channel 1.
P35 ] Port 35: A 1-bit output port. Outputs “WDTOUT =1" after reset.
TWDTOUT) (69) Output Watchdog timer output: used as the WDTOUT output pin when watchdog timer mode
register, D1 =1.
P36 1 Input/Output Port 36: A 1-bit output port. Functions as an input port after reset.
(INT7) (70) Input Interrupt request pin 7: The input pin for generating interrupt requests at rise edges.
P37 (711) Input/output Port 37: A 1-bit input/output port. Functions as an input port after reset.
040 Pa3 4 Input/output Port 40 - 43: A 4-bit input/output port. Functions as an input port after reset.
(7~10) Output Stepping motor control port 0.
P50 ~ P53 4 Input/output Port 50 - 53: A 4-bit input/output port. Functions as an input port after reset.
M10
~< M03) (11 -14) Output Stepping motor control port 1
P60 ~ P63 4 Input/output Port 60 ~ 63: A 4-bit input/output port. Functions as an input port after reset.
INT3
~( INT6) (15~ 18) Input Interrupt request pins 3-6: Input pins for generating interrupt requests at rise edges.
P64 1 Input/output Port 64: A 1-bit input/output port. Functions as an input port after reset.
(TI0) (19) Input Timer input 0: The timer 0 clock input pin.
P65 1 Input/output Port 65: A 1-bit input/output port. Functions as an input port after reset
(T12) (20) Input Timer input 2: The timer 2 clock input pin.
P66 1 Input/output Port 66: A 1-bit input/output port. Functions as an input port after reset.
(T00/TO1) (22) Output Timer output 0/1: The timer O or timer 1 output pin.
P67 1 Input/output Port 67: A 1-bit input/output port. Functions as an input port after reset.
(T02/T03) (23) Output Timer output 2/3: The timer 2 or timer 3 output pin.
- Set serial channel 0 to the TPH mode after reset. The wait control input pin used to cause
LATWAIT ! Input TPHLAT output to wait.
RxDO (30) - - - - -
Used as the receive data input pin when serial channel 0 is set to the Normal mode.
Serial channel 0 enters the TPH mode and outputs “0” after a reset. The TPHSD pin is used
TPHSD 1 to output transmit data to TPH.
Output - - - -
(TxDO) (31) When set to the Normal mode, serial channel 0 functions as the transmit data output pin
TXDO output immediately after mode is set.
TPHCKO 1 Output After a reset, serial channel 0 enters the TPH mode and outputs “1”. The TPHCKO pin is used
to output the transmit clock to TPH.
Input/output When set to the Normal mode by the TPH control register, serial channel 0 operates in the
(SCLKO) (32) putfoutp y : P

UART or I/0 interface mode.

The control register of serial channel 0 determines whether the UART or I/Q interface mode is
used.

In the 1/0 interface mode, either the external clock from SCLKO or the transmit/receive clock
from the internal baud rate generator is output. Note: When operating with external clock
inout in the 1/0 interface mode SCLKO is output after a reset; therefore, use an open drain
circuit to connect the external clock to the SCLKO pin.
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Table 2.2 Pin Names and Functions (3/3)

Pin Name No: of pins Input/output or tristate Function
(pin. no.)
nout Serial channel 0 enters the TPH mode after a reset and functions to input the transmit
TPHCKI 1 p clock to TPH.
(RTS0) (33) Output E%rﬂ gmggleo is the TPH control register and operates as the RTS output pin when set to the
- Outout After a reset, serial channel 0 enters the TPH mode and the functions as the latch signal
TPHLAT 1 P pin for outputs to TPH.
When set to the Normal mode by the TPH control register, serial channel 0 operates as the
Inout CTS0 input pin.
CT0) (34) p Consequently, since the CTSO pin outputs after a reset, use an open drain circuit to connect
the CTSO pin to CTSO when serial channel 0 is used in the UART mode.
RTS1 (712) Output The serial channel 1 RTST output pin.
CTSt (713) Input The serial channel 1 CTST input pin.
SCLKA 1 Inputfoutput _Funcnops as the serial channel 1 transceive clock input or output pin. SCLK1 functions as an
(74) input pin after a reset.
TxD1 (715) Output The serial channel 1 transmit data output pin.
RxD1 (716) Input The serial channel 1 receive data input pin.
CXIN/CXOUT 2 Inputfoutput _Used to connect the crystal oscillator for the real time clock. A 32.768kHz crystal oscillator
(1/2) is usually connected.
] Alarm: The output pin for alarms from the real time clock. Comparator output and either
ALARM () Output the 16Hz or 1Hz signal generated by the divider can be output to the ALARM pin using the
alarm select circuit inside the real time clock.
INTO = INT2 3 Input Interrgpt reguest p_|ns 0 -2:The |r)pu§ p|n. used to generate interrupt requests at rise edges.
(4~6) INTO is an input pin with a Schmitt circuit.
1 Address latch enable signal: ADO - AD7 addresses are latched on the fall of this signal.
ALE Output
(35) Connected to external memory.
= 1
EA (28) Input Connect to GND.
CLK 1 Output Clopk output: Output a clock equal to the oscillation frequency divided by 4. Pulled up
(24) during resets.
RESET (213) Input Reset: The reset input pin used to initialize the TMPI0C051F. (Built-in pull up register)
X1/X2 (26577) Input/Output Used to connect the crystal oscillator that generates the TMP0C051 internal system clock.
2 ) )
Voo (36/77) - Main power supply pin (+5V)
Backup enable: set BUKEN = 1 when the TMP90C051F main power supply Vcc (pins 36/
BAREN 1 Inout 77)is +5V.
(79) p Set to BUKRN = 0 to provide battery backup for the real time clock when the main power
supply Vee (pins 36/77) is off.
y The real time clock backup power supply pin. Arrange so that the same power is supplied
Vee (rTe) 78) - to Ve (RTC) as to Vee (pins 36/77) when power is being supplied to Vce (pins 36/77). To
provide battery backup for only the ral time clock, supply + 5V - 2V to Vice (RTC).
3 .
Vs (GND) (25/53/80) - GND pin (0V)
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3. Operation
This section explains the functions and basic operations of the
TMP9OO0CO051F by block.

3.1 CPU

The TMP90CO051F includes a high performance 8 bit CPU. For
the function of the CPU, see the book TLCS 90 Series CPU
Core Architecture. This chapter explains exclusively the func-
tions of the CPU of TMP90C051F which are not described in
the the book.

3.1.1 Reset

Figure 3.1 (1) shows the basic timing for the reset operation.
To reset the TMPO0CO51F, it is necessary to maintain the
RESET input at “0” for at least 10 system clocks (10 states: 2

microseconds with a 10MHz system clock) with the power
supply voltage within the operating range and stable internal
oscillator operation.

When a reset is received, the address data bus (ADO - AD7),
address bus (A8 - A15), P36, P37, port 4 port 5 and port 6 are
all set to input port status (high impedance). Dedicated output
port 2 (A16 - A22) ALE is set to “0”; P30 - P35, RD, WR and
CLK are set to “1”. The other dedicated output ports are all set
to “0” and the dedicated input ports retain their current status.

The CPU registers and external memory are not changed;
however, the program counter PC, interrupt enable/disable
flag IFF, bank registers BX and BY are cleared to “0”. The A regis-
ter is indeterminate.

When the reset is released, the instruction starts from
address 0000H.

TOSHIBA CORPORATION
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Figure 3.1 (1). Reset Timing
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3.1.2 EXF (Exchange Flag) and the auxiliary register, is allocated to the first bit of memory

For TMP9OCO51F, “EXF”, which is inverted when the command ~ address FFBFH.
“EXX” is executed to transfer data between the main register

T~ 7 & | s i a4 ¢ 3 1 2 1 0
PGER bitSymbol | TO3C [ TOIC | - . - . - i - EXF | Fixed at 0"
(FFBFH) | Readrwrite RIW R - - - R -
5:Ws:;ting o - o - - P Undefined 0
0:general O:general : ‘ EXX Write “0”
purpose :  purpose : : .
o rston
Function 1:TO2/3 :1:7T00M : ; each time
output i output : : : : executed
3.1.3 Wait Control allocated to the 2th and 3th bits of memory address FFDFH.

For TMPO0CO051F, a wait control register P2FR <WAITCO, 1> is

7 6 ‘ 5 C4 3 P2 1 .
P2FR  |bitSymbol | SCLKC1 | SCLKCO = ODE! [ ODEO | WAITCI | WAITCO - iFixedat™”
(FFDFH) Read/Write R/IW R/IW - R/IW
i I NI SR S BT I
SCLK1  iSCLKO  :TXD1 TXDO Wait control { Write “0"
CONTROL: CONTROL :CONTROL CONTROL . :
: : 00: 2 state Wait
0: SCLK1 :0: SCLKO :0: CMOS 0: CMOS 01 N | Wait
Function input : input : output. output ' orma. a
1: SCLK1 [ 1: SCLKO :1: Open . 1: Open 10: non Wait
output: output : drain  drain 11: reserved
: output output

TOSHIBA CORPORATION 9/184



TMP90CO051

3.1.4 Bank Register

For TMPO0CO51F, BX and BY registers are allocated to mem-
ory addresses FFECH (BX register) FFEDH (BY register),

respectively. In these registers, only the low-order 7 bits are
valid, and the high-order 1 bit are undefined. These undefined
bits become “1” whenever they are read.

7 6 5 4 3 2 1 0
BX bit Symbol - © BX6 . BX5 BX4 BX3 BX2 BX1 BX0
(FFECH) Read/Write - : RIW
Reseiting - 0 0 0 0 0 0 0
7 6 5 a 3 2 1 0
BY bit Symbol - BY6  BYS BY4 BY3 BY2 BY1 BYO
(FFEDH) [geadmwrite - RIW
Reseung - 0 1o 0 0 0 0 0
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3.2 Memory Map

The TMPO0CO051F supports a program memory and a data

memory of maximum 8M bytes.

The program and data memory may be assigned to the

address space from 00000H to 7FFFFFH.

3.2.1 Internal 1/0

The TMPO0CO051F provides a 128-byte address space as an
internal I/O area, whose addresses range from FF80H to
FFFFH. This I/O area can be accessed by the CPU using a
short opcode in the “direct addressing mode”.

Figure 3.2 (1) is a memory map indicating the areas

accessible by the CPU in the respective addressing mode.

000000H

O0FFOOH |mmmmmmmmmmmmmmmmmmme oy

00FF80H

O0FFFFH

External memory
(64K-bytes)

Built-in
input/output
(128 bytes)

T

Direct

addressing
area(n)

010000H

External memory
(8M-bytes)

Extension area

Program and data area

(BC)
(DE)
(HL)
(SP)

(1X)
(1v)

(nn)

(SP +d)
(HL + A)

(IX +d)
(1Y +d)

High-speed micro DMA,
micro DMA,
data transfer area

7O0FFFFH

Figure 3.2 (1). Memory Map
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3.3 Interrupt Functions
The TMPO0CO51F has a general-purpose interrupt process-
ing routine for responding to both internal and external inter-
rupt requests, a micro DMA processing mode in which the
CPU automatically transfers data, and a high-speed micro
DMA (HDMA) processing mode.

Immediately after a reset is released, all responses to

Interrupt
processing

nterrupt vector V read |

YES
HDMA processing

interrupt requests are set to the general-purpose interrupt
processing mode. The interrupt requests can be set to the
micro DMA processing mode with the DMA enable/disable
register which is described later.

The high-speed DMA processing mode can be set by
loading a vector value to the DMAV 0/1 register.

Figure 3.3 (1) shows the interrupt response flow.

YES

Micro DMA

rocessin mode

General-purpose
interrupt processin

(MicroDMAprocessing) ( HDMA processing )

Figure 3.3 (1). Interrupt Response Flow

When an interrupt request is generated, this is reported to
the CPU via the built-in interrupt controller. If the request is for
a non-maskable interrupt or an enabled maskable interrupt,
the CPU starts interrupt processing. If for a disabled maskable
interrupt, the request is ignored and not received.

If the interrupt is received, the CPU first reads the interrupt
vector from the built-in interrupt controller to determine the
source of the interrupt request.

Next, a check is made as to whether this request is for
general-purpose interrupt processing, micro DMA processing
or high-speed DMA (HDMA) processing, and then the corre-
sponding processing is performed.

The interrupt vector is read in an internal operation cycle
so the bus cycle becomes a dummy cycle.
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3.3.1 General-Purpose Interrupt Processing
Figure 3.3 (2) shows the general-purpose interrupt processing
flow.

The CPU first saves the contents of the program counter
PC and register AF (including the interrupt enable/disable flag
IFF immediately before an interrupt) to the stack and then

General-purpose
interrupt processing

resets the interrupt enable/disable flag IFF to “0” (interrupt
disable). Finally, the interrupt vector contents [V] are transferred to
the program counter and a jump is made to the interrupt
processing program.

There is a 20-state overhead from the time when the interrupt is
received until the jump is made to the interrupt processing program.

~

(SP-1)«PCH
(SP -2) « PCL
(SP-3) A

IFF)
SPeSP-4
IFF 0

(SP - 4) «F (including

20-state

Aps (@ 10MHz)
3.245(@ 12.5MHz)
2.5u8 (@ 16MHz)

I

=

PC « V

7

program

Interrupt processing

I

RET! instruction
F  «(5P)
A «(SP+1)
PCL « (5P +2)
PCHe (5P +3)
SP «SP+4

End

Figure 3.3 (2). General-Purpose Interrupt Processing Flow

Interrupt processing program is ended with the RETI
instruction for both maskable and non-maskable interrupts.

Executing this instruction restores the program counter
PC and register AF contents from the stack. (Resets the interrupt
enable/disable flag immediately before an interrupt.)

When the CPU reads the interrupt vector, the interrupt
request source confirms that the interrupt has been received
and then clears the interrupt request. Non-maskable interrupts
cannot be disabled by program. Maskable interrupts, how-
ever, can be enabled and disabled by program. Bit 5 of CPU reg-

ister F is an interrupt enable/disable flipflop (IFF). Interrupts are
enabled by setting this bit to “1” with the El (interrupt enable)
instruction and disabled by resetting this bit to “0” with the DI
(interrupt disable) instruction. IFF is reset to “0” by resetting
and when an interrupt is received (including non-maskable
interrupts).

The El instruction is actually executed after the next
instruction is executed.

Table 3.3 (1) shows the interrupt sources.
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Table 3.3 (1) Interrupt Sources

General- . Micro DMA Interrupt sources
_— Interrupt | Interrupt purpose Micro .
Priority . h processing
sequence Type function vector mlerrupt DMA parameter start Comments
name value processing support Internal External
address
start address
1 N SWI 08H 0008H - - (0] - -
on- .
2 maskable Instruction .
NMI 10H 0010H - - - NMI pin -

3 (HDMA) - - - - - - 1

4 INTO 18H 0018H (0] FF18H - INTO pin External 0
5 INT1 20H 0020H (0] FF20H - INT1 pin External 1
6 INT2 28H 0028H (0] FF28H - INT2 pin External 2
7 INTTO 30H 0030H (0] FF30H Timer 0 - Timer

8 INTTH 38H 0038H (e} FF38H Timer 1 - Timer

9 INTT2 40H 0040H (0] FF40H Timer 2 - Timer
10 INTT3 48H 0048H o FF48H Timer 3 - Timer
1 INTRXO 50H 0050H (0] FF50H Serial receive end - SI0
12 Maskable | INTTXO0 58H 0058H (¢} FF58H Serial send end - SI0
13 INTLINE 60H 0060H (e} FF60H TPH send - TPH
14 INTRX1 68H 0068H (e} FF68H Serial receive end - SI0
15 INTTX1 70H 0070H (e} FF70H Serial receive end - SI0
16 INTALARM 78H 0078H - - Alarm output - RTC
17 INT3 80H 0080H - - - INT3 pin External 3
18 INT4 88H 0088H - - - INT4 pin External 4
19 INTS 90H 0090H - - - INT5 pin External 5
20 INT6 98H 0098H - - - INT6 pin External 6
21 INT7 AOH 00AOH - - - INT7 pin External 7

Note: * HDMA supports all maskable interrupts.

The “priority sequence” shown in Table 3.3 (1) indicates
the sequence in which interrupt sources are received by the
CPU when multiple interrupt requests are generated simulta-
neously.

For example, if interrupt requests with the priority
sequences 4 and 5 are generated simultaneously, the CPU will
receive the interrupt request with priority sequence 4 first.
When processing of the interrupt with priority sequence 4 is
ended with the RETI instruction, the CPU will then receive the
interrupt with priority sequence 5.

If the interrupt processing program for the priority
sequence 4 interrupt is interrupted by executing the El instruction,
the CPU will receive the priority sequence 5 interrupt request.
When multtiple interrupt requests are generated simultaneously, the
built-in interrupt controller only determines the priority
sequence of the interrupt sources received by the CPU. There
is no function to compare the priority sequence of the interrupt
currently being processed and the interrupt currently being
requested.

Another interrupt can be enabled while another interrupt is
being processed by resetting the interrupt enable/disable flag
IFF to enable.

3.3.2 Micro DMA Processing

Figure 3.3 (3) shows the micro DMA processing flow. The CPU
first loads the parameters (transfer source and destination
addresses, transfer mode) required for transferring data
between memories from the address modified by the interrupt
vector value and then transfers the data between memories in
accordance with those parameters. After that, the revised
parameters are saved to the original location. The transfer
count is then decremented and, if the value is not “0”, micro
DMA processing is ended. If the value is “0”, the general-purpose
interrupt processing described in the previous item is performed.

The transfer count is decremented by “-1” each time the
micro DMA starts up.

14/184
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Micro DMA processing

Loads parameters
DST « (FFOOH +V + 1) W
SRC & (FFOOH+V +3)W
CMD « (FFOOH +V +5)

I
Transfers data between memaries
(DST) « (SRCQ)
DST & DST + 0/1/2
SRC « SRC % 0/1/2
[

Saves revised parameters

(FFOOH + V + 3) W «~ SRC DST . Transfer destination
(FFOOH +V + 1) W « DST SRC . Transfer source
[ CMD . Transfer mode

Decrements transfer count
COUNT « (FFOOH + V)
COUNT «~ COUNT -1
(FFOOH + V) « COUNT

COUNT : Transfer count

General-purpose
interrupt processin

Figure 3.3 (3). Micro DMA Processing Flow

Since most interrupt processing involves only simple data is absolutely no influence on the CPU registers from the micro

transfers, micro DMA processing uses only the hardware for DMA processing.
such processing. Consequently, micro DMA processing is Figure 3.3 (4) shows the functions of the parameters used
faster than conventional software processing. Naturally, there in the micro DMA processing.

TOSHIBA CORPORATION
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FFOOH +V + 0 : [ Transfers count I :| 1~ 256
FFOOH +V + 1 [ Transfers destination address (lower) ] 1
0 ~ 64K
FFOOH +V +2: [ Transfers destination address (upper) J | at not use
MMU
1 function
FFOOH +V + 3 : [ Transfers source address (lower) I
0~ 64K
FFOOH +V + 4 : [ Transfers source address (upper) l
7 6 5 4 3 2 1 0
FFUOH+V+5:‘ X | X X X g x I | | ](Transfermode)
0 0 = Fixestransfer destination/
transfer source addresses
0 1 = Increments transfer
destination address
1 0 = Incrementstransfer
source address
1 1 = Decrements transfer
source address
0 = 1-bytetransfer
Note x:don’t Care 1 = 2-byte transfer

Figure 3.3 (4). Micro DMA Processing Parameters

The parameters used for the micro DMA processing are
located in the external RAM area (See Table 3.3 (1) Interrupt
sources). The start address of each micro DMA processing

ferred at one time by micro DMA processing. Data are
transferred 256 times with a transfer count of “O0H”.

The addresses O000H - FFFFH are used in micro DMA

parameter is [FFOOH + interrupt vector valug], 6 bytes of which
are used for the parameters. When the micro DMA processing
mode is not used, this area can be used as user memory.
The parameters include transfer count, transfer destination
address, transfer source address and transfer mode. Transfer
count specifies the number of times data will be transferred by
micro DMA processing. Either 1 or 2- bytes of data are trans-

processing (at not use MMU function). Bits 0 and 1 specify the
transfer destination or transfer source address change mode.
Bit 2 specifies the length (1 or 2 bytes) of the data handled.

Table 3.3 (2) shows the relationship between the transfer
mode and transfer destination/transfer source address incre-
ment/decrement values.

Table 3.3 (2) Micro DMA Processing Address Changes

Transfer Function Transfer destination Transfer source
Mode address address
000 Transfers 1-byte, fixes transfer destination/source addresses. 0 0
001 Transfers 1-byte, increment s transfer destination address. +1 0
010 Transfers 1-byte, increment transfer source address. 0 +1
011 Transfers 1-byte, decrement transfer source address. 0 -1
100 Transfers 2-bytes , fixes the current destination/source addresses. 0 0
101 Transfers 2-bytes , increment transfer destination address. +2 0
110 Transfers 2-bytes, increment transfer source address. 0 +2
11 Transfers 2-bytes, decrements, transfer source address. 0 -2

16/184
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Data are transferred as shown below in the 2-byte transfer the memory area but fixed addresses are used for ordinary input/

mode. output addresses. Because of that, micro DMA was designed
taking into consideration input/output to memory and memory
(Transfer source address)  (Transfer destination address) to input/output transfers.
(Transfer source address + 1) — (Transfer destination Figure 3.3 (5) shows and example using the micro DMA

address + 1)

processing mode. Built-in serial input/output receive data are
processed in the example.

Transfers are also performed as shown above in “decrement In the example, 7 frames (1 frame = 1 byte in this example) of
transfer source address mode” but address changes are as received data are stored to memory address FFOOH - FFO6H

shown in Table 3.3.

and when all of the data have been received, the “receive end

Address incrementation and decrementation are used for processing program” is executed.

SET 6,(0FFCEH) ; Setsserial receive interrupt to micro DMA
processing mode

LD (OFF50H),7 H Sets transfer countto 7

LDW (OFF51H),0FFO0H ;  Setstransfer destination start address to FFOOH

LOW (OFF53H),0FFD2H Sets transfer source (serial receive buffer)
address to FFEBH

LD (FF55H),1 . Setstransfer mode ( transfers 1 byte,
increments transfer destination address)

EI

ORG 0050H

Receive end interrupt processing program

RETI

Figure 3.3 (5). Micro DMA Processing Example

“Table 3.2 Bus operations for each instruction” above decrementation) for micro DMA processing is 46 states (9.2
shows the bus operation for general-purpose interrupt pro- microseconds at 10MHz), regardless of whether the 1-byte or
cessing and micro DMA processing. 2-byte transfer mode is used.

The execution time (when the transfer count is not O after

TOSHIBA CORPORATION

17/184



TMP90CO051

3.3.3 High-Speed Micro DMA Processing

The TMP90CO051F has two built-in DMA channels called
HDMA.

HDMA has three times the processing capacity of uDMA
and is used for high-speed data transfers. HDMA execution

time (decrease the value of transfer number and the value is
not “0” data) is 14 states, regardless of whether the 1-byte
transfer mode or 2-byte transfer mode is used. HDMA and
micro DMA transfer speeds.

Table 3.3 (3) shows the high-speed micro.

Table 3.3 (3) Transfer Speeds

fxtal (MHz) HDMA Micro DMA
10 2815 9215
125 2.2418 7.3618
16 1.7518 57515

* At 1-byte transfer mode.

Table 3.3 (4) Shows the HDMA function

Number of channels 2

Transfer speed 14 states (for 1 byte) or 18 states (for 2 bytes)

Start method By interrupt (all external and internal interrupt sources)
Transfer mode 1 byte transfer or 2 byte transfer

Address output method Dual address (source/destination)

Access area 0 ~ 8-M byte memory area (64k-byte units)

HDMA Setting Registers

The following describes the registers required for

(@) DMASO, 1: source address register (16-bit)

HDMA operation.

AD

NN

(b) DMAQ, 1: Destination address register (16-bit)

Sets the number of bytes to be transferred.
The set value is decremented (1) for each HDMA

started. A generation purpose interrupt is when the
value reaches “0”.

18/184
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(d) DMAMO, 1: transfer mode register (8-bit)

D7 D6 D5 D4 D3 D2 DI Do
D4 | Transferbytecount || 3 | pa | Source address D1 | DO |Destination address
0 1-byte transfer o | o Fired ol o Fixed
- f
! 2-byte transfer 0 1 Increment 0 1 Increment
1 0 Decrement 1 0 Decrement
This register determines the HDMA transfer mode. Example 1 : XXX00001
The bits of this register are as shown in the table Transfers 1 byte, fixes transfer source
above. address (DMASQ, 1), and increments the
The source and destination addresses shown here are transfer destination address after each
the addresses loaded to DMASO, 1 and DMADO, 1 transfer
above.
Example 2: The renewal of address at 2
byte transfer mode.
1. Fixed at source address (S) 2 FDixed ats .
Fixed at destination address (D) incremen ,sz e 3
Address ,”* YYH (2) m+ 2
n+1 XXy == XXy m+ 1 n+1| XXu == XXp (1) m+1
n Y¥y  b—= YYH m n| YYy s YYR (1) m
3 Fixed at$ 4 Sincrement
D decrement Fixed atD
n+ 1] XXp | n+3[ XX4 (2],
N YV kel YY) m n+2[ YYu ()]
T A XX (] m-1 n+ 1] XX (s XXy I m+1
WYY ()] m -2 NI =L
XXy (2)] m-3
S Sincrement
Dincrement 6 Sdecrement
n+ 3 XXu(2)F--| XXy (2)3 m+ 3 Fixed at D XXy m+ 1
n+20 YY)} -= YYR(2) m+2 n[ YYa (D #L_YYe m
N KXy ()i xxH(_])_}mm n-1 XXy (MY,
Nl Y () == YYn (1 I'm n=-2 YY)
n -3 XXy 2
7 Sdecrement —
D decrement
n[ XXn () — m
n*'l_Y_Y-H(W - m-1
n-2[ XXp (2)b-= m-2
n-3[ YYa2)k- > m-3

2

Note:

when a source address being decrement.

It is ineffective to set decrement for a destination address when a source address being increment; and to set increment for a destination address

TOSHIBA CORPORATION
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(e) DMASBO, 1: source address bank register

~_ 7 : 6 5 4 ‘ 3 : 2 : 1 0
DMASBO | bit Symbol - . DSB06 DSBOS DSBO4 : DsSBO3 ‘ DSBO2 DSBO1 : DSBOO
(FFFGH) Read/Write - R/W l
Flaised | - 0 0 o o . 0o 0o i o
7 6 5 4 ©3 P2 : 1 0
DMASB1 | bit Symbol - DSB16 DSB15S DSB14 l DSB13 : DSB12 . DsB11 DSB10
(FFF9H) Read/Write - R/W
eeS | - 0 0 o 0o 0o . 0 i o0
Source address extension register This register has no increment or decrement function;
Used as a pair with the DMASO, 1 register, this bank therefore, it is necessary to exercise caution in specifying
register is specified for addresses for 64k bytes or variable addresses (increment or decrement) with the
more. above mode register.
A22 A6  A1S AQ
| omass ] DMAS

Bank register

:Source address register

00 . 0000H

& 0~8M bytes (64k-byte unit)
7F  FFFFH )

() DMADBQO, 1: destination address bank register

~ 7 6 5 a 3 2 1 0

DMADBO | bit Symboi - DDBO06 DDBOS DDBO4 DDBO3 DDBO2 DDBO1 : DDBOO
(FFF7H) Read/Write - R/ W

Reselng 0 0 o 0 0 0 0

T 7 [3 5 4 3 2 1 0
DMADB1 | bit Symbol - DDB16 | DDBI1S DDB14 DDB13 DDB12 DDB11 © DDB10
(FFFAH) oo aminte - R/W

Reser\ing T -

Value - 0 0 0 0 0 0 0
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Destination address register
Used as a pair with the DMADO, 1 register. The function

(9) DMAVO, 1: DMA vector register

are the same as those of the DMASBO/1.

7 6 5 4 : 3 ‘ 2 : 1 0
DMAVO |bitsymbol | DVO7 . DVO& & DVOS DVo4 | DVO3  DVO2 : DVO1 1 DV0O
(FFF8H) Read/Write w
Resetting 0 o 0 o i 0 0 0 0
7 6 5 4 3 : 2 ; 1 0
DMAV11 | bitSymbol | DV17 : DV16 | DVIS DVI4 | DVI3 | DVI2 | DVl | DVi0
(FFFBH) [ Reagmwrite w
Resetting o - 0o 0 o 0 0 0 0

HDMA is started by interrupts. Consequently, the vector
address of the interrupt that assigns HDMA start is
loaded to the DMA vector register (DMAVO/1).

HDMA compares the interrupt vector and the contents
of this register. If they match, HDMA operation starts.

It is necessary to set the vector address before gener-
ating the interrupt that starts HDMA.

Register Loading

(a) DMASO, 1
DMADQ, 1 Loaded with the LDC instruction.
DMACQO, 1 (“The LDC instruction is a new TLCS-90
1 instruction.)
DMAMO,

(b) DMASBO, 1
DMADBQO, 1 Load the input/output address with
the LD instruction.
1 (See the separate address map
concerning input/output addresses.)

DMAVO,

HDMA Start

HDMA can be started by any of the TMP90C051
maskable interrupt sources.

(@ Internal start factors

* SWI (software)
e Al internal I/O interrupts

Assign starting of HDMA channel O or channel 1 to the
INTO - INT7 external interrupts, connect any of the bits
of ports 2 - 6 (output mode) externally to INTO - INT7
to generate a start interrupt.

(b) External start factors

* NMI pin
¢ INTO ~ 7 pin

HDMA Channel 0 and Channel 1 Priority Sequence

The channel where an interrupt is generated first has
priority.

Note: HDMA, regardless of an interrupt enable flag,
compares the vector and the values of the DMA VO/1
register. If they match in El mode, the HDMA starts. Do
not write the vector value of the non-maskable interrupt to
the DMA V0/1 register. If doing so, the HDMA does not
operate normally.

To stop the HDMA being started, set DI mode before
generating the interrupt to start the HDMA, or set the
DMA VO0/1 register to O0H.

TOSHIBA CORPORATION

21/184



TMP90CO051

(6)  HDMA Operation Flow

Start

DMAS, DMAD

DMAM, DMAC

DMASB, DMADB

Set all registers
I

'

Generate interrupt Start with external or internal interrupt.

YES
Vectors match J
J HDMA processing
| DMAC -1
Maicro DMA or general- YES
purpose interrupt processing
NO

End

Figure 3.3 (6). HDMA Operation Flow
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(6) HDMA Operation Timing

(a) 1-byte transfer mode

T2 DMt DM2 bm3 bma DM5 DM6 bDMm7

eV alaWalalalal ava¥ a¥a¥
R U o W Y s W I e W I
— M — —__

ADO~AD7 | | e emem et e e = == —— A0~7
AB~A22 Last Next + 1 Dummy Dummy ource

W ] 7 \_ i |

INTQ .A—-\

DACTO, 1 \

*INTO
(The timing of 4

continuous trigger)

Last
instruction cycle HDMA operation sequence

DM9 DM10 DM DM12 DM13 DM14

AYAVAWAWRAWAW YA
A WARERR I
—\ T\ —\ Y

CLK

VAW
pu—
/

ALE

ADO~ADT K DO~7 ML AO~7 X | DO~7 mmmmb e | ———

AB~A22 Destinatipn address Dummy Next Next + 1

RD

WR o/

INTO

L
E
e

|

DACTO, 1

*INTO
(The iming of 4 \

continuous trigger)

Figure 3.3 (7a). HDMA Operating Timing
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(b) 2-byte transfer mode

T2 DM DM2 DM3 DM4 DMS DM6 bom7 DM8 DM9
SN AVAWAWAWAWAW AWAWAWAW AWAWAWAWAWAW AWAWAWAW )
ax T\ 1\ A A N\ [ T
ALE \ / \ \ \ '
ADO~AD7 o m e e b e o b o e - TG,
AB~A22 Last Next + 1 Dummy Dummy Source address destination|
ol T | | —
WR ] ] J.s
nto 4R\
DACTO, 1
FINTO
{The timing of +
continuous triggerj | gt
instruction cycle HDMA Operation Sequence
DM10 DM11 DM12 DM13 DM14 OMI15 DM16 DM17 DM18 ™
X1 L\_l'\_f\_/'\_}—\_/'\_}—\_!'\J'\J'\_}'Ll_\_/'\_I'\J_\J'\J"\J'\_/'\_I"\_/'
ax T\ ]\ N N N L
ALE [\ f\ \ f\ /I
ADO~AD7 | 00-7 I A0-7 3L 00~7 3LA0~7 007 ———d e et e - - —
AB~A22 addresy Source address + 1 destination address + 1 Dummy Next Next+ 1
RO | A— 0 J |
WR f | —
INTO
DACTO 1
fINTO I
{The nming of { | | | 'f \
cuntinuuus trigger, | | |

Figure 3.3 (7b). HDMA Operation Timing
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3.3.4 Interrupt Controller

Figure 3.3 (9) shows an abbreviated interrupt circuit diagram.
The left half of this diagram shows the interrupt controller and
the right half shows the CPU interrupt request signal circuit
and hold release circuit.

The interrupt controller has an interrupt request flipflop
and interrupt enable/disable flag for each interrupt channel
(total: 20 channels), and a micro DMA enable/disable flag. The
interrupt request flip-flop latches interrupt requests that arrive
from the periphery. This flipflop is reset to “0” when there is a
reset, when the CPU receives an interrupt and reads the vector of
that interrupt channel, and when an instruction that clears the
interrupt request (writes “vector value/8” to memory address
FFC9H) for that channel is executed.

LD (OFFCOH), 38H/8

For example, when LD (OFFC9H), 38H / 8 is executed, the
interrupt request flipflop for the interrupt channel [INTT1] with
the vector value 38H is reset to “0” (to clear the flipflop, also
write to address FFCI9H when the interrupt request flag is
assigned to FFCAH and FFCBH).

Table 3.3 (5) shows the “interrupt vector value/8” values.
The status of the interrupt request flipflop can be determined
by reading memory address FFCOH, FFCAH or FFCBH. “0”
means No interrupt request and “1” means an interrupt
request. Figure 3.3 (8) shows the bit layout when the interrupt
request flipflop is read.

TOSHIBA CORPORATION
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Table 3.3 (5) Interrupt Vector Value/8 Values

Priority Type Interrupt function Interrupt vector Vector value = 8
sequence name value
1 Non SWl instrugtion 08H 3
2 Maskable NMI 10H
3 (HDMA) - -
4 INTO 18H 03H
5 INT1 20H 04H
6 INT2 28H 05H
7 INTTO 30H 06H
8 INTT1 38H 07H
9 INTT2 40H 08H
10 INTT3 48H 09H
1 INTRXO0 50H 0AH
12 Maskable INTTX0 58H 0BH
13 INTLINE 60H 0CH
14 INTX1 68H 0DH
15 INTTX1 70H OEH
16 INTALARM 78H OFH
17 INT3 80H 10H
18 INT4 88H 11H
19 INT5 90H 12H
20 INT6 98H 13H
21 INT7 AOH 14H
Interrupt request flag
7 6 s o4 i3 2 1 0
IRFO | 4t symbol IRF7 IRF6 IRFS IRF4 : IRF3 : IRF2 | IRF1 IRFO
(FchH) Read Write R (Oniy IRF clear code can be written)
Resetting Valuel 0 0 0 0 : 0 0 0 0
Interrupt Request Flag
Function 1 Interrupt requested
(IRF iscleared to "0” by wnitting IRF clear Code)
Lo inTo request flag
L———INT1 requestflag
INT2 request flag
INT3 request flag
INT4 request flag
INTS request flag
INT6 request flag
INT7 request flag

Note:

addresses FFC9H.

The specified interrupt request flipflop is cleared by writing {vector value/8} to memory

Figure 3.3 (8). Interrupt Request Flipflop Read (1/2)

26/184

TOSHIBA CORPORATION



TMP90C051

Interrupt request flag

5 : 4 3

2 1 0

(FFCAH) | readmwrite

IRF1 bit Symbol —  IRFALARM | IRFT3 IRFT2 : IRFT1 : IRFTO
- i R
Resetting value - 0 0 0 0 : 0

Function

1: interrupt requested

LINTTD request flag

L——INTT1 request flag

L |INTT2 request flag

INTT3 request flag

Interrupt request flag

INTALARM request flag

5 . 4 ¢ 3

2 1 0

IRF2 bit Symbol

— D IRFLINE | IRFRx1

IRFRXO - IRFTx1 © IRFTx0

(FECBH) | readrwrite

R

lesetting value

- -0 )

0 0 0

Function

1 interrupt requested

LINTTXO request flag
INTTX1 request flag
L ~INTRX0 request flag

INTRX1 request flag

INTLINE request flag

Figure 3.3 (8). Interrupt Request Flipflop Read (2/2)

TOSHIBA CORPORATION

27/184



TMP90CO051

Interrupt controller

CPU

CPU interrupt
enable/disable
flag

Reset :

Interrupt
request signal

Hold release
signal

The flags indicated by asterisks (*) are not micro DMA

enable/disable flags.

SWiinstruction . V = 08H
NMI = ——  * V=10H ——
Micro DMA
enable/disable flag 2input OR
—
iy 1>
f CR Non—maskable
Interrupt enable/disable interrupt
bn b Q request
R IFF
interrupt
Reset| request ﬂupflcp
INTO s Q M) 18-input OR
- AN
Dn L Maskable
interrupt
request
Intdrrupt  Interrupt Interrupt
vector V requestV  request
read clear flipflop
read
V=18H
INT1 V= 20H Do
INT2 V= 28H [— D1
INTTO V=30H | Priorit D2
" | riority
INTT1 V =38H encoder D3
INTT2 V= 40H D4
INTT3 > —— V=48H —{~— 20to5 D5
INTRX0 V= 50H — D6
INTTXO0 > t—— V= 58H [— D7
INTLINE V =60H —
INTRX1 V= 68H — Interrupt
INTTX] —t— vV =70H vector V
INTALARM * V= 78H (— read
INT3" * V=80H
INT4 * V= 88H Note:
INTS * V = 90H
INT6 * V = 98H
INT7 * V= AOH

Figure 3.3 (9). Interrupt Controller Block
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The interrupt enable/disable flags for each interrupt request
channel are assigned to memory addresses FFCC - FFCEH.
Interrupts are enabled for a channel by setting the flag to “1”.
The flags are reset to “0” by resets.

Disable interrupts (DI) before clearing the interrupt request
flags.

The micro DMA enable/disable flags for each interrupt
request channel are assigned to memory addresses FFCEH or
FFCFH. The interrupt requests for a channel are set to the

micro DMA processing mode by setting the flag to “1”. The
flags are reset to “0” by resets (“0” is the general-purpose inter-
rupt processing mode).

Figure 3.3 (9) shows the bit layouts for the interrupt
enable/disable flags and micro DMA enable/disable flags.

Disable interrupts (DI) before clearing the interrupt request
flags.

Caution is required in usage because the two following
points are exceptions.

INTRXO, INTRX1

Interrupt request flipflops are cleared only by resets and reading the
serial channel receive buffer. They are not cleared by instructions.

INTO ~ INT7

INTO ~ INT7 are all of the edge type.

TOSHIBA CORPORATION
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Interrupt enable flag

7 6 s 4 3 o2 i1 i
INTEQ | bt Symbol 7 IE6 . IES | IE4 | IE3 . IE2 . IE1_ : IEO
(FFCCH) | readrwrite R/W
tesetting value| 0 0o o0 0 0o o 0 0
function 1: Enable 0: Disable

I—»\NTO Interrupt enable flag

L——— INT1 Interruptenable flag

INT2  Interrupt enable flag

INT3  Interruptenable flag

INT4  Interruptenable flag

INT5 Interruptenable flag

INT6  Interruptenable flag

INT7 Interrupt enable flag

Interrupt enable flag

7 6 5 i 4 . 3 i 2 {1 1 0
INTET | bitSymbal - - IELINE IEALARM: IET3 @ IET2 © IETY : IETO
(FFCOM)| Reagmwrite - L= R/W
Resetting vaiue - = : 0 20 0 : 0 0 : 0
Function 1: Enable 0: Disable
LVINTTG Interrupt enable flag
L > INTT!1 Interruptenable flag
INTT2 Interrupt enable flag
INTT3 Interrupt enable flag
INTALARM Interrupt enable flag
. - INTLINE Interrupt enable flag
Micro DMA and interrupt enable flag
7 6 . s a4 .3 2 0
INTE2 | bitsymbol IERx1 | IERxO : IETx1 . IETx0 : DERx1 | DERxO : DETx1 : DETx0
(FECEM)| peagnvrite R/ W
Resetting value| 0 S0 0 ) 0 i 0 : 0
Function 1. Enable 0: Disable

LHNTTXU uDMA enable flag

> INTTX1 .DMA enable flag

INTRX0 «DMA enable flag

INTRX1 «DMA enable flag

INTTXO Interrupt enable flag

INTTX1 Interrupt enable flag

INTRXO Interrupt enable flag

>INTRX 1 Interrupt enable flag

Figure 3.3 (10). Micro DMA Interrupt Enable Flags (1/2)

30/184 TOSHIBA CORPORATION



TMP90C051

Micro DMA enable flags

7 ¢ 6 - 5 4 3 2 11
DMAE | bitSymbol DELINE DETT3 : DETT2 : DETT1 : DETTO @ DET2 DET1 DETO
(FFCFH) | Reacmwrite R/W
Resetting Value [V [ 0 S0 ) ) 0
Functioni 1: Enable 0: Disable

L\NTO #ONMA Enable flag
INT1 #DMA Enable flag

INT2 «DMA Enable flag

INTTO «DMA Enable flag

INTT1 «DMA Enable flag

INTT2 ,DMA Enable flag

INTT3 »DMA Enable flag

INTLINE DMA Enable flag

Figure 3.3 (10). Micro DMA Interrupt Enable Flags (2/2)
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—
Interrupt processing

Interrupt vector V read, |
interrupt request
flipflop clear
T

I

HDMA
processing mode

I HDMA data transfer ’

COUNT « COUNT -1

YES COUNT =0
NO
Micro DMA YES
Drocessiw
NO
Eﬂis Zi Micro DMA data
transfer
IFF « 0 j
General- [ [ COUNT « COUNT -1 Micro DMA
purpose PCeV processing
interrupt 7**“2“ ——
processing
— Lxes /coum:o
Interrupt processing
program NO —
RETI instructions
POP AF
POP PC ‘
L l ;
|

End

Figure 3.3 (11). Overall Interrupt Processing Flow
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3.4 MMU

3.4.1 Address Area Extension

The TMPO0OCO051F can access the extended address area

(10000H -7FFFFFH) using the following three methods.

Address extension method

(1)  Extended data area access using CPU bank registers

BX and BY.

(2)  Extended data area access during HDMA (high-speed

DMA) transfers (source addresses bank register:

DMASO0 and DMAS1; destination address bank register:
DMADBO and DMADBH1).

Extended program area and extended data area
access by the MMU.

As shown in figure 3.4 (1), the TMP90CO051F can also use
CLLAR (common local logical address register) of the MMU to
specify common 0, local 0, common 1 and local 1 areas in the

logical area at address 0000H - FFFFH.

Table 3.4 (1) shows in what areas of the logical address
area the above three methods can be used.

Table 3.4 (1) Address Extensions for Each Area of the Logical Area

Logical area BX, BY MMU DMASBO/1, DMADBO/1
Common 0 0 X 0
Local 0 0 0 0
Local 1 0 0 0
Common 1 0 X 0

FFFFH
Common 1
Local 1
Local0
Common 0
0000H

Figure 3.4 (1). Logical Area Specification
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Extended data area access using the CPU bank registers

BX and BY
IX, 1Y, BX and registers

IX'and IY are independent 16-bit registers called index
registers. BX and BY are independent 7-bit registers
called bank registers.

These registers are mainly used to specify memory

addresses and to generate 23-bit addresses. The IX
and Y registers are also used as 16-bit addition
instruction registers.

The BX and BY registers are assigned to address
FFECH (BX register) and address FFEDH (BY) in the
built-in input/output register area. Only the lower 7 bits
of these registers are effective; the uppermost bit is
undefined. This undefined bit is always read as “1”.
The lower 7 bits of the BX and BY registers are initialized to
“0” by resets.

BX | — | BX6  BX5  BX4  BX3  BX2 | BX1  BXO |R/W
(FFECH)

BY | — | BY6  BYS BY4 BY3  BY2  BY1  BYO |R/W
(FFEDH)

Extended data area addressing mode

The TMP90OCO051F can use up to 8M bytes of data
memory.

Addresses 0000000H - OOFFFFH can be accessed in
the normal addressing mode.

Addresses 010000H - 7FFFFFH are called the
extended data area and are accessed in a special
addressing mode.

To access the extended data area, an addressing
mode (a mode that uses the register indirect addressing
mode register pair IX or IY, or a mode that uses the
index addressing mode register pair IX or 1Y) that uses
the index addressing mode register pair X or IY to calculate
the operand address.

Thus, there are four types.

IX)
Y)
X + d)
Y + d)

(
(
(
(

In these modes, the 23-bit address required for
accessing the extended data area consists of a 16-bit
offset (address bus AO - A15) and a 7-bit bank
address (address bus A16 - A22).

The 16-bit offset is the same as the calculated value of
the conventional address.

The 7-bit bank address is specified with bank register
BX or BY. BXis used to form a pair in modes that use
the index register IX. BY is used to form a pair in
modes that us the index register IY.

Note: When the extended data area addressing
mode is used with the JR or CALL instruc-
tion, the value of the bank register that cor-
responds to that index register must be “0”.

These instruction cannot use in expand memory area
at MMU.
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Example: LD A, (IX)

Memory
CPU

A 45 ﬁg—L
45 062000H

BX@LXZOOD —
I

Memory data 45H at address 062000H is loaded to the A calculation of 16-bit offsets are ignored. There is no effect
register. on the bank registers.

In the index addressing mode, carries resulting from

Example: LD A, (IY + 23H)

Memory
CcPU

" ‘_ L2 Joso013n
BYIE\Y FFF O —

Memory data 45H at address 060013H is loaded to the A Note: When this addressing mode is used by the
register. transfer destination, this write cycle is not per-
In addressing modes (modes that do not use index register X formed correctly when the actual address is
or IY to calculate the operand address) that do not access the bank register address FFECH or FFEDH.
extended data area, the 7-bit bank register (address bus A16 - A22)
becomes “0” and the address range 000000H - OOFFFFH can Example: LD (IX), 05H when the IX value is FFECH and
then be accessed. BX value is “0”.
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i) Extended data area access during HDMA transfer (DMADO and DMAD1). For extended data area access,
memory addresses are indicated by the values loaded to
the source bank register (DMASBO and DMASB1) and
destination bank register (OMADBO and DMADBH1).

During HDMA transfers, memory addresses are indicated
by the values loaded to the HDMA source address register
(DMASO and DMAS1) and destination address register

[SLS5 -3
=P
W=

>

T T T T T
Source address DMASBO, 1
1 1 L 1 A1

[NINS-3
o>
(LR

>

. T T T T T T
Destination address DMADED, 1 ! D'MAbo, 1
1 1 L 1 1 1 1 1 L 1

Figure 3.4 (2). Source Address/Destination Address Specification During HDMA Transfer

|:: { 7FO000H [ ocaiN +3 1
S S
Bank area
< |LocalN+2 | by HDMA
2,777 > { Local N +1 64k-byte unit
E JEQ000H Local N +0 } Bank area by MMU
: 030000H
02FFFFH |Localn +3
,,,,,, - { Localn+2
Localn +1
010000H Localn +0
000000H

Figure 3.4 (3). Typical HDMA Data Transfer Between Banks (0 ~ [J)

36/184 TOSHIBA CORPORATION



TMP90C051

i) Program area and data area expansion using the MMU

function

The TMP90CO051 offers program area and data area
expansion, depending on the MMU.

* MMU not used : Program area 0 - 64KB
: Data area 0 - 64KB
: When BX and
BY/HDMA are used O - 8MB
* MMU used : Program area 0 -8MB
: Data area 0 - 8MB

3.4.2 MMU Functions

The following register expand the 64KB logical memory
capacity (address 0000H - FFFFH) to a maximum of 8MB
(addresses 000000H - 7FFFFFH).

(1) CLLAR: Common Local Logical Address Register

(14-bit)
(2) EXPAO:  Local 0 Expand Register (11-bit)
(8) EXPA1: Local 1 Expand Register (11-bit)

CLLAR is used to specify the logical addresses
0000H-FFFFH in the common 0, local 0, local 1Tand common
1 areas, as shown in Figure 3.4 (1).

EXPAQ is a bank register used to map the local O area logical
addresses specified with CLLAR to the physical address
space.

When the program area or data is indicated as being inside
the local O area, the EXPAO value is added to either the current
program address value or memory address value to generate the
physical addresses.

EXPA1 functions in the same way as EXPAO.

TOSHIBA CORPORATION
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}4KB unit

}ﬂKB unit

TFFFFFH T
r
r —— — T i
cuar [tocs [ Tcomt’ [ Tioct T [ Tioco | ;
1 1 1 1 1 1 1 i
1
00 :
4KB unit Local O start address i ""{ Local 1,
Local 1start address :
V- a-{ Local 12
Common 1 start address === > { Local 1 1
- a-{ Local 19
i
< F
a = ! X
x I
5 1
T ,—--—{ Local O
£
: a
€ /L**{ Local 0z
|- { Local 04
- Local Og
| o = e R
FF8OH | _!nternallo |
Common 1
o
0 XXXH I
x
w
[ommmk | teealt |2
c
c
O XXXH g
nnnnH Local 0 -
e [J XXXH
Common 0
ooooH L — ] 000000H

Logical address area

Figure 3.4 (4). Address Expansion by MMU (4KB units)

Physical address area
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(1)  CLLAR (Common and Local Logical Address Register)
Common Local Logical Address Register L
7 6 s i o4 o3 a2 i i 0
CLLARL | bitSymbol Loc13 | Loci2 Loct © Locio | Loco3 LOC02 © LOCO1  LOCOO
(FFEEH) Read/Write R/W
Resettin : : : : :
velesing 1 o : 1 S0 ©0 L0 0 0
Function specify locall start address(A15~A12) Specify localO start address (A15~A12)
Common Local Logical Register H
7 & . s 4 3 o2 41
CLLARH | bitSymbol e LOCS1 LOCSO COM13 : COM12  COM11 : COMIOD
(FFEFH) [ peadmwrite - = R/W
Resettin : ; B : ;
Value 9 — : — 0 : 0 1 : 1 H ) : 0
Local size
00: 4K Byte Specify common 1 start address(A15~A12)
Function 01: B8KByte
10: 16K Byte
11: notused

Figure 3.4 (5). Configuration

As shown in Figure 3.4 (5), CLLAR has a 14-bit configu-
ration (8 lower bits and 6 upper bits).

The start addresses of common 0, local O, local 1 and
common 1 in the logical address area shown in Figure 3.4 (4)
are specified with CLLAR. That is, up to 4 address areas can
be specified with CLLAR.

When the 16-bit transfer instruction is used, LOCS and
COM1 are the upper addresses and LOC1 and LOCO are the
lower addresses of the CLLAR setting.

LOCS and COM1, LOC1 and LOCO can also be set indi-
vidually with 8-bit transfer instructions.

CLLAR can be read and written with either 8-bit or 16-bit
transfer instructions.

i) LOCS (local size)

This register specifies the minimum local O and local 1
unit (size).

0 0 : 4 K-byteunit (afterreset)
01 8 K-byte unit
1 0 : 16 K-byte unit

TOSHIBA CORPORATION
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i) COMA1, LOC1 and LOCO (common and local start Setting example: (The minimum unit : 4K byte)
addresses)
When LOCS = O0OH
These registers specify the 4 upper bits of the start LOCO = 01H
addresses of common 1, local 1 and local O in the LOCH = 08H

OOO0OH - FFFFH logical address area.

Since the minimum unit for the COM1, LOC1 and
LOCO areas is determined by LOCS, the start address

COM1 = OFH

FFFFy

of each area is as shown in Figure 3.4 (6). FO00y __Common 1 - 4K-byte
After a reset, COM1 = EH, LOC = EH and LOCO = OH. Local l23K7byte
- , L 8000y J
Note: The minimum unit for the area size is deter- x b
mined by LOCS, and defined by the start Local 0 J 28K-byte
address of each area. 1000y
0000k Common 0 } 4K-byte
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(CLLAR)

a. 4k-byte unit ’0

<o —
“ .
a
U <o
et
o
o
©
-
o
@
o
ry
o
a a
@
L 3 g e
\\\\\\\\\\\ [ 19 o
- °
Lo ©
g ]
Fe 13
g~ m -
r w
L L 3
\\\\\\\\\\\\\\\ | 19
o —
Lmm| —
Lo
o
L-| -
o — g -
L
L
<-a
o — |

Common 1 start

:
1 I com1
1

T
L

b. BK-byte unit W

<o ‘
o
a
v <o
ped
-
o
o
£
o
8
t
o
= v
] o <o
9 °
cn b
\\\\\\ I s
L ]
Lo 2
o —
g
] z
L M
||||| )
-~
g —
el 9
<= 8
LS
L
P
PR
gL - T
& —

Common 1 start

>

=

T

LOCO

1

(o]@]

1

T T
0 ] comMi
i 1

1

<o ‘
“
a
o <o
e
o
©
®
T
x
+
prd
o
= 2
s v 4o
2 f
9 o
°
@
o
g ©
3
S S @
d-=9| o -
IMA 3
P S 2
||||| 3
G o
L] —
LY
o]
Cew| 2
g
L=
oL

com1

Common 1 start

¢. 16K-byte unit

Figure 3.4 (6). Local Size (LOCS) and Start Address Specification
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iy  Address area specification and types

In the logical address area (0000H - FFFFH), the
address areas are set using the common and local register

(CLADR) as shown below. MMU will not operate correctly
if any combination not shown here is used.

Always set the CLADR register to COM1 = LOC1 =

LOCO.
FFFFy —o— .
FF80, L'ﬁ}s:n_a_'_“_‘z_ | Internal I/Q | | Internal 1/O | | Internal I/Q |
Common Common 1 Common 1 Common 1
Local 1
Local 0 Local 1 Local 1
Local 0
Common o Common o Local 0
Common 0
ooy, L {1 4 L
a) COmM1 b) com1 ¢) COomMi d) COmM1
>L0C1 =L0C1 >L0C1 >L0C1
>L0C0o >L0C0 =L0C0 >L0Co
>0000y >0000y >0000y = 0000y
FFFFy¢ — .
FF80,, | \nternal ko | | Internal 1/0 | | Internal /O | | Internal O |
Common 1 Common Common
Common 1
Local 1 Common o Local 0
oo0Oy (0
d) CoMmM1 e) COMI f) comi g) COmMI1
>L0C =L0C1 =10C1 =L0C1
=L0C0o =L0C0 >L0C0 =L0C0
= 0000y >00004 = 0000y = 0000y
*  Afterareset,
COM1=LOCI1=E
LOCO=0

Note: COM1, LOC1 and LOCO are set to match the local size (LOCS) as shown below.
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(2)  EXPAO (Expand Register 0) and EXPA1 (Expand Register 1)

Expand register OH

S 4 2 1 0
EXPATL bit Symbol _
(FFFOH) Read/Write R/W
Yarce o . 0o 0 0 0
Expand register TH
s 4 2 1 0
EXPATH bit Symbol — _ o
(FFF1H) Read/Write — — RIW
fates - - : T o
Expand register OL
5 : 4 2 1 0
EXPAOL bit Symbol _
(FFF2H) Read/Write RIW
feree o o 0 0 0 0
Expand register OH
5 : 4 2 1 0
EXPAOH bit Symbol : — _— —
(FFF3H) Read/Write — : — _ _ RIW
i e — . ;

Figure 3.4 (7). EXPO, EXPA1 Configuration

EXPAOQ is set to map the logical address area in local O
to the physical address area when the local O address
area is accessed by the CPU. All bits are set to “0” by
resets.

EXPA1 is set to map the logical address area in local 1
to the physical address area when the local 1 address
area is accessed by the CPU. Al bits are set to “0” by
resets.

For both EXPAO and EXPA1, the 16-bit transfer
instruction loads the upper address bits to A22 - A20
and the lower address bits to A19 - A12. Loading is
also possible with 8-bit transfer instructions.

Both EXPAO and EXPA1 can be read and written.

Use the common area (in the logical address area) to

write overwrite EXPAO and EXPA1. When loading to
the logical address area, the contents of EXPAO and
EXPA1 are mapped to the physical address area
immediately after the instruction used to load is executed.

Note: When overwriting EXPAO and EXPA1 in the physi-
cal address area, use caution concerning the
addresses in the physical address area to which
the addresses in the current logical address area
are mapped. This is because the addresses are
mapped to a different physical address area
immediately after the instruction used to over-
write is executed.

TOSHIBA CORPORATION
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(8)  Physical Address Area Specification When mapping to the physical area, the address is
indicated by adding the values of the local O expand

When a program area is located above 64k bytes register (EXPAOQ), local 1 expand register (EXPA1) and

(0000H - FFFFH), the logical address area can be the logical addresses in the local 0 and local 1 area.

mapped to the physical address area by accessing the When a program is executed in & common area, zeros
local 0 and local 1 address area specified with the are output to A22 - A20 and the logical address is output

common and local address register. to A1Z - At
Physical address generation
A A A A
1 1 1 —~
5 2
T T T T T T T
Logical address H'|0101010|Crl010[ | i
: { : :
3 e :
12 ! 2, )
EXPA1 or EXPAD *I ' ! ! l r ] | ] [ 1 ‘ !
1 1 1 1 1 1 ‘r 1 1 1 :
A i AIA Al
2 ! 1 ~ i
2 : 241 0 !
Physical address — r : : ] : ) ‘L I : I i‘

Figure 3.4 (8). Physical Address Generation Using 4k-byte Units

A A A A

1 1 1 ~

5 3 2
_’-!' T T T T T T ] :

Logical address 10101()'0‘01010 I |
PA 1 '
12 ! & i
12 i ! -
I T T T T T T : T T | I
EXPA1 or EXPAQ —>[ i | !
1 L L i 1 L L A A
i 1 ~ i
' l 2 0!

Physical address  —>

Figure 3.4 (9). Physical Address Generation Using 8k-byte Units
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Figure 3.4 (10). Physical Address Generation Using 16k-byte Units
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3.4.3 MMU Usage (Software)
Typical MMU Setting

(1)

MMU register Setting value
CLLAR 0EEOy
EXPAQ 000 4
EXPA1 000

FFFFy
Common 1
E000,
DFFFy
Local 0
00004
Logical area

Physical area

Figure 3.4 (11). After Reset

MMU register

Setting value

CLLAR 084y
EXPAO 030 4
EXPA1 058 w
Common 1
E000Y
DFFFy
Local 1
8000y
TFFFy (s
oca
40004

3FFFy

00004

Logical area

TFFFFFy

OOFFFF

00E000y
00DFFFy

0000004

m 7FFFFFH

~
N
~
N
~ ~
N ~
~
~
[N
NN
N
~
N ~
AN
E%%‘ € 1

Physical area

Figure 3.4 (12). Typical MMU Settings - 1

060000y
0B5FFFy

0600004
037FFFFy

0340004

003FFFy

0000004
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Jj—————————il-7FFFFFH

MMU register Setting value T T
CLLAR DEBOH 0SBFFFy
EXPAQ 054 055FFFy
054000
EXPAI 048 "
0500004
FFFFy
mmon 1
£000,, | COMMO
Local 1
8000y 7
TFFFy ,
\ /‘
Local 0 ;
0000y .
Logical area

Figure 3.4 (13). MMU Settings -2

‘[TAAAAAAAAAA, 7FFFFFy
MMU register value
CLLAR QEQOy

v 0BSFFFy
EXPAQ 040 o

J
{
JL
(ot

EXPAT 0A8 | N y
0AB000y
FFFFy
Common 1
E0004
00004

Figure 3.4 (14). MMU Settings -3
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3.5 Standby Functions

Executing the HALT instruction sets the TMP90C051 to the
RUN, IDLE1 or STOP mode, depending on the contents of the
halt mode setting register. The features are shown below.

(1)  Run:  Only the CPU halts, power consumption
remains the same.
(2) IDLE: Only the internal oscillators operate, all others

internal circuitry halts. Power consumption is
1/10 or less of that during operation.

(80 STOP: Allinternal circuitry halts, including the
oscillators. Power consumption is extremely

The HALT mode setting WDMOD <HLTM1, 0> is
assigned to bits 2 and 3 memory address FFDDH in the built-in
input/output register area (all other bits are used to control other
block functions). The “00” RUN mode is set by resets.

The halt status is released by interrupt requests and
resets. If interrupts are enabled, the CPU receives non-maskable
and maskable interrupts and starts interrupt processing. If
maskable interrupts are disabled, the CPU restarts execution
from the instruction following the HALT instruction but the
interrupt request flag remains at “1”.

If the halt status is released by reset, however, use caution
since the status in effect before entering the halt status cannot
be maintained. In such cases, it is recommended that inter-
rupt requests be used for releasing.

reduced.
7 : 3 : 5 : 4 3 : 2 1 P00
WDMOD | bitsympel | WDTE ~ WDTP1 © WDTPO | WARM | HALTM1 : HALTMO | RESCR = DRIVE
(FFODH) [Read/write R/W R/IW
| H - B
Reselng {4 0 0 0 0 0 o L0
Watchdog
1:woT WDT Detection time  Warming |Standby mode timer out e
t B i control S Dn 1 n
{nable 00: 276k Uptime 00: RUN R evenn the
, Lo : t L STOP mod
01 27 0 2fe | g1. sTop Woromr o olonmose
Function 100 220/f¢ 1 216/fc 10:  IDLE pinandis
1. 222/Mc 1. - raaitho |
the RESET
pin

Note: <RESCR> bit is setted
by 0" after Reset and
P35 pin function is
WDTOUT pin.

Figure 3.5 (1). Halt Mode Setting Register
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3.5.1 RUN Mode stop after the HALT instruction is executed; the CPU merely
Figure 3.5 (2) shows the timing used to release halts using stops executing instructions. That is, the CPU repeats dummy
interrupts in the RUN mode. cycles until the halt status is released. In the halt status, interrupt

In the RUN mode, the system clock in the MCU does not ~ reduests are sampled at CLK signal falls.

AV aW AW AW aWAW AW WAl AW aWaW AW aWal
| i
e \ / L\ / \
I
AB~22 P( NExt 7 Nedt + 1
N
ALE \ \_ L0 \
T
ADO~7 {po-7} 4 ~o~7) - - (a0~7)- 1 — = 4 = — — = |- = 1 {a0~7) —|-(Do~T}- 1 -
( -
RO |\ " \ [ ]
i 4
q
NI M W
*INTO~7 i« 4\
(Rise edge) )i
Internal INT A /
| ‘ HALT instruction execution sequence Interrupt
’ response

Figure 3.5 (2). Halt Release Timing Using Interrupts in the RUN Mode

*: Halt status can be released with external interrupts (INT1 - INT7) only in the RUN mode.
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3.5.2 IDLE Mode

Figure 3.5 (3) shows the timing used to release halts with interrupts

in the IDLE mode.

In the halt mode, interrupt requests are sampled asynchro-

nously with the system clock but sampling is performed synchro-

nously when the halt mode is released.

In the IDLE mode, only the internal oscillator operations,
TMP90CO051F system clock stops and the CLK signal is fixed

at“1”.

X1

CLK

A8~22

ALE

ADO~7

Note: In this mode, only external interrupt (NMI and INTO)
are enabled during the halt interval.

eV aW eV e aWavaWaAW AW aWaW AW
I s / — f \
:X NExt ([’:;’ NeAt + 1
I\ A\ ; —\
) e o) T e (o) P R S N ) B ) S
\ / ’ T
—
y—at |

HALT instruction execution

Interruptresponse

sequence

Figure 3.5 (3). Halt Release Timing Using Interrupts in the IDLE Mode
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3.5.3 STOP Mode

In the STOP mode, all internal circuitry stops, including the
internal oscillator. When the STOP mode is activated, all but
certain pins are isolated from TMPO0CO51F by being set to
high impedance.

All interrupt requests are disabled during the hat interval in
this mode (leave the external non-maskable interrupt pin (NMI)
at the “1” level). Consequently, this mode can only be released
by resetting. Ports with programmable pull-up resistance
remain pulled up.

Table 3.5 shows the status of each pin in the STOP mode.
The status in effect before the halt continues if WDMOD
<DRIVE> (drive enable: bit O of memory address FFDDH) of
the built-in input/output register is set to “1”. This register is
cleared to “0” by resets.

The internal oscillator can also be restarted by inputting
the RESET signal “0” to the CPU; however, operation is sometimes
not correct after power-on due to clock instability immediately
after the internal oscillator restarts. When releasing a halt by
resetting in the STOP mode, it is necessary to keep the
RESET signal at “0” for a sufficient time.

The internal oscillator also restarts by entering the RESET
signal “0” to the CPU; however, the warming up counter does
not operate due to quick power-on operation. Because of
clock instability immediately after restarting the internal oscillator,
the CPU may not operate correctly. When releasing a halt by
resetting in STOP mode, the RESET signal must be kept at “0”
for a sufficient time.

S A A AW AW AW AW AVAWAW AW AW AW AU AW N
ax | \ / —\ / \

ag~22 ) NExt ?:f’, NeAt + 1
ALE _{—' ( _\

ADO~7 1 (G0 7y A~oD) - - o) == 4 === - -4 @D -
"o \ / ) T
WR (}J
NI R
INTO P B\

HALT instruction execution Interrupt response

Figure 3.5 (4). Halt Release Timing Using Interrupts in the STOP Mode
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Table 3.5 State of Pin in STOP Mode

IN/OUT DRZVE =0 DRZVE =1
ADO ~ AD7 3 State - -
A8 ~ A15 OUT Pin - out
P20 ~ P26 0UT Pin - ouT
P30 ~ P35 OUT Pin - ouT
P | ourpuT e - our
P4 INPUT Mode - IN
OUTPUT Mode ouT ouT
P INPUT Mode - IN
OUTPUT Mode ouT ouT
P6 INPUT Mode - IN
OUTPUT Mode - ouT
ALE OUTPUT Pin ‘0 ‘0’
CLK OUTPUT Pin - “q”
RESET INPUT Pin IN IN
X1 INPUT Pin - -
X2 OUTPUT Pin “q” “q”
RD OUTPUT Pin - ouT
WR OUTPUT Pin - ouT
WAIT INPUT Pin - IN
NMI INPUT Pin IN IN
INTO INPUT Pin IN IN
INT1 ~ 2 INPUT Pin - IN
TATWAIT/RXDO INPUT Pin - IN
TPHSD/TXDO OUTPUT Pin - ouT
e B : o
s [ : o0
D | pe e : o
RXD1 INPUT Pin - IN
TXD1 OUTPUT Pin - out
ot |, _ o0
RTST OUTPUT Pin - ouT
CTsT INPUT Pin - IN
BAKEN INPUT Pin IN IN
CXIN INPUT Pin IN IN
cXouT OUTPUT Pin out out
ALARM OUTPUT Pin ouT ouTt

— . Indicates that input mode/input pin cannot be used for input and

that the output mode/output pin have been set to high

impedance.

IN :  Theinput gate is operating. Fix the input voltage at either “0” or
“1” to prevent the pin floating.

OUT: The output status.

. : The input status.
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3.6 Function of Ports

The TMPO0CO051F contains a of total 31 bits input/output

ports. These ports function not only for the general-purpose I/

O but also for the input/output of the internal CPU and 1/0.
Table 3.6 describes the functions of these ports.

Table 3.6 Functions of Ports

Port Pin name No. of pins Direction Dlrectlgn set Pin name fqr internal

name unit function
P20 1 Output - A16
P21 1 Output - A17
P22 1 Output - A18

Port 2 P23 1 Output - A19
P24 1 Output - A20
P25 1 Output - A1
P26 1 Output - A22
P30 1 Output - RAS
P31 1 Output - CAS
P32 1 Output - cS

Bort 3 P33 1 Output - DACTO
P34 1 Output - DACT1
P35 1 Output - WDTOUT
P36 1 1/0 - INT7
P37 1 1/0 - -

Port 4 P40 ~ P43 4 1/0 bit MO00 ~ M03

Port5 P50 ~ P53 4 1/0 bit M10 ~ M113
P60 1 INT3
P61 1 INT4
P62 1 INTS
P63 1 . INT6

Port 6 P64 1 1/0 bit 110
P65 1 TI2
P66 1 T00/TO1
P67 1 T02/T03

These port pins function as the general-purpose input/
output ports by resetting. The port pins, for which input or output
is programmably selectable, function as input ports by resetting.

A separate program is required to use them for an internal

function.
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3.6.1 Port (P20 - P26)

Port 2 is a 7-bit general-purpose output port (P2: memory

address FFB4H).

P20 - P26 are used both as output only ports and as the

P2CR: memory address FFB5H) is used to specify which

expansion address bus (A16 - A22). The control register

Reset

mode is to be used. Reset operations clear the P20 - P26 out-
put latch and all control register bits to “0” to set P20 - P26 to
the general-purpose output port mode.

[
Control
5 register
o [)
- P2CR write
- Address output
L (A16~A22)
: ! L
_ Cutput
o latch
c 1
v P2 write
€ <1
_ <
N
P2read
L

Selector

—D—D P20~P26
(A16~A22)

Figure 3.6 (1). Port 2 (P20 - P26)
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Port 2 register

7 6 5 a4 i3 . 2 1 0
P2 | bitsymbol - P26 [ P25 P24 | P23 : P22 P21 P20
(FFBAHN Readwrite - R/IW
Resetting Value| - 0 0 0 0 0 0 0
Port 2 control register
7 6 . 5 i 4 3 2 0
P2CR | bitSymbol - P26C © P25C @ P24C P23C © pP22C : P21C P20C
(FFBSH)| Readmwrite - W
(RMW  fpesetting Value| - : 0 0 0 0 o 0 0
disable) B
0: outputport
Function 1:  AddressBus (controlin 1 bit units)
¢ 1 . 1 L L set output function of port.
0 |Outputport
1 |Extended address output |
Port 2 function register
7 ¢ 6 1 5 1 4 3 02 1 ]
P2FR | bit symbor SCLKC)  SCLKCO . ODE! © ODEO  © WAITCI | WAITCO - [
(FFDFH) :
Read/Write R/W - R/W
Resetting Value 0 0 0o o0 .0 0 - 1
SCLEY contral )[LKD(Or‘\ruI;YlD\(Bn\m\ f1xpiconval | Wait control %Wnte"‘."
0:5CLKI [0:5CLKO [0:CMOS  {0:CMOS  ©  0D: 2state Wait
input | input’  output | output | 01 normal Wait |
Function 1ISCLKY 1:SCLKO Gy Open 10pen 10: non Wait
output output : dran drain 11: reserved
output | output

See "3.9 Serial Channel”

L WAIT control

00

2-state wait

1

Normal wait

10

No wait

11

Reserve

Figure 3.6 (2). Register for Port 2
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3.6.2 Port 3 (P30 - P37)

Port 3 is an 8-bit general-purpose I/0 port (P3: memory
address FFB6H). P30 - P35 are output only ports; P36 and
P37 are I/0 ports. The control register (P3CR: memory
address FFB7H) is used to set P36 and P37 as input or output
ports.

Reset operations set the P30 - P35 output latch to “17,
and clear the P36 and P37 output latch and all control register
bits to “0” to set P36 and P37 to the input mode.

In addition to the general-purpose /0 port function, there
are also interrupt request input, chip select (CS) and DMA
active (DACTO, DATC1, RAS, CAS, WDBOUT) output
functions.

Reset

] | (se)

bus

P30 - P34

P30 - P34 are used both as general-purpose output
ports for RAS, CAS, CS, DACTO0 and DACT.

Qutput

latch

Selector

RAS, CAS, CS, DACTO and DACTT output is set
using bits O - 4 of the port 3 function register (P3FR:
memory address FFB8H).

data

[

P3 write

RAS, CAS, CS_
DACTO, DACT1

JF’

output

Internal

P3FR write

Function |
register

— D P30/RAS
“ (P31/CAS)
(P32/CS)
(P33/DACTO)
(P34/DACT1)

T
! '

P3read P3FR read

Figure 3.6 (3). Port 3 (P30 - P34)
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output. Bit 1 of the watchdog timer mode
@ P35 WDTOUT Bit 1 of th hd d
register (WDMOD: memory address FFDDH) is used to

P35 is used both as a general-purpose output port for set P35 for WDTOUT output.

Reset

set

Qutput A

<

™~
— P35 (WBTOUT)
Output buffer (

latch
B

P3 write
WDTOUT output

l set

Watchdog Timer

Selector
w

bus

data

mode register

¥

Internal RESET

WDMOQD write

v

Function

Internal

register

P3FR write
<1

TI
b

P3read

Figure 3.6 (4) Port 3 (P35)
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©)

P36

for external interrupt request input INT7.

P36 is used both as a general-purpose I/O port and

f\* Reset
5 Directional
o control
@ [}
; P3CRwrite
o
1 (Reset)
. Port3
c Output > II P36 (INT7)
; latch Output
- A buffer
c P3write
=
=]
™ P3 read %

INT7 interrupt request

Figure 3.6 (5). Port 3 (P36)
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4 P37

Port 37 is a general-purpose 1/O port.

Resset

Y

Direction

bus

data

control

)
P3CR write

o

Output Latch
{ >— jl P37

Internal

T Output buffer

P3 write

-

e
|

P3 read

Figure 3.6 (6). Port 3 (P37)
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Port 3 register

7 6 5 4 3 i 2 1 0
P3 it Symbol P37 P36 P35 P34 P33 P32 P31 P30
(FFBEH)| noagmvie R/W
Resetting value| Input input =1 1 -1 N 1 1
Port 3 Control register
7 6 5 4 3 : 2 1 0
P3CR | bisymbol P37C . P36C - - - = - -
(FF87H) | geadrwrie w - - - i - - -
éRN:‘ ) Resetting Valud 0 0 - = - - - -
1sable
Function B (gg‘;‘ﬁgﬁ;‘;‘ ft”)
o ynits
Selectinput/output of port 36, 37
0 |input
1 |output
Port 3 Function register
7 6 5 4 3 .2 1 0
P3FR bit Symbol — - ‘WDTOUTC! DACTIC [ DACTOC @ CSC CASC RASC
(FFBBH)| pesumvine = - w RIW
Hesetting Value! - - 0 0 : 0 0 0 0
(RIMW S PIscontral © P34 control p3iconteol PR control  P3lcontrl © P30 contral
3 0: disable - 0 input’ “Qunput/ : Oiinput/ : Ounput/ © Ouinput/
disable) Function ‘1.enable ©  ©OUtput: output @ output | output output
port - port . port ;. port i port
: DACTT:1: DACTO: 1: €5 11 TAS (1. RAS

Figure 3.6 (7). Registers for Port 3

L . SelectP31 fucntion

. Select P30 function
0 | P30 output

1 |RAS output

0 |P31output
1 |CAS output

Select P32 function

0 | P32 output
1 | CS output

Select P33 function
0 P33 output

1 |DACTO output

Select P34 function

0 |P34 output
1 |DACT1 output

Select P35 function control

0 |disable

1 |enable
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3.6.3 Port 4 (P40 - P43)

Port 4 is a 4-bit general-purpose I/O port (P4: memory
address FFB9H), each bit of which can be set individually for
input or output. The control register (bits O - 3 of P45CR: memory
address FFBBH) is used to set the bits for input or output. Reset
operations clear this control register to “0” to set port 4 to the
input mode.

This port is also used as stepping motor control/pattern
generation port 0 (MOO - M03). The function register (bits O - 3
of P45FR: memory address FFBCH) is used to select general-
purpose I/O port or stepping motor control/pattern generation
port. Reset operations set port 4 to the general-purpose I/O mode.

(N
Reset *—l
Directional
control
Function [}
“ control P45CR write
3
2 )
P4ASFR write
: Shift
L]
©
- Output [>—"—*—D Port4
® latch Output (P40~P43/M00~MO03)
c buffer
o Shifter
+ alternate
< register 1
[}
<}
[f P4 write
-1
=
-~
P4 read

Figure 3.6 (8). Port 4
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3.6.4 Port 5 (P50 - P53)

Port 5 is a 4-bit general-purpose I/0 port (P5: memory
address FFBAH), each bit of which can be set individually for
input or output. The control register (bits 4 - 7 of PASCR: memory
address FFBBH) is used to set the bits for input or output.
Reset operations clear this control register to “0” to set port 5
to the input mode.

This port is also used as stepping motor control/pattern
generation port 1 (M10 - M13). The function register (bits 4 - 7
of P45FR: memory address FFBCH) is used to select general-
purpose I/O port or stepping motor control/pattern generation
port. Reset operations set port 5 to the general-purpose I/O mode.

PS5 read

Figure 3.6 (9). Port5

(™
Reset _—l
Directional
control
Function )
- control P45CR write
=3
2 [}
@ P45FR write
]
o
- Output ™
° lateh l/ Dfssrcl)ipsafwmr\ms)
< atc Qutput
= buffer
u
- Shifter
c > alternate
- register
4
B |
ﬂ PSwrite
=
a=
.
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Port 4 register
7 6 5 4 3 2 1 0
P4 bit Symbaol SA43 SA42 1 SA41 SA40 Pa3 P42 P41 P40
(FFBOH) | Read/write R/W R/ W
Resetting Value Undefind input
. : Stepping motor control port @ (MQ) Used
Function Shift Alternate reg.0 : Ysed
: Pattern Generation Port J
L 1
Shift Alternate reg.0 Portd
Port 5 register
7 6 | 5 . 4 1 3 - 2 1 0
P5 bit Symbol SAS3 SAS2 SAS1 SAS0 ¢ PS3 P52 P51 P50
(FFBAH)| geagrwnite R/W R/W
Resetting Value Undefind input
Stepping motor control port 1(M1) .
Funcuan Shift Alternate reg. 1 : ? e
: Pattern Generation Port 1 J
1
Shift Alternate reg.1 Port5
Port 4,5 control register
7 6 5 1 4 3000 2 0
P4SCR | bt symbol P53C P52C - PS1C © PSOC © P43C : P42C P41C PAQOC
(FFBBH) ReadWrite W
RMWaoiotuing value 0 0 o i 0 -0 0 0 0
disable) P
uncion 0: IN 1: OUT (Specifiesinput/outputin 1 bit units)
[ . I J L i 1 L__»Selectinput/output of port 4
0 |input
1 joutput
- > Selectinput/output of port 5
Port 4,5 Function register putoutpu P
: T 0 |input
7 6 : 5 a 3 2 0 P
- : 1 |output
P45FR | bitSymbol PAT1 CCW1 @ M1M M1S PATO CCWO MOM MOS
(FFBCH)| Readnivrie R/IW
Resetting Valuel 0 0 0 0 0 : 0 Po- 0
0 B-bit 0 forwarg D 1or2 [0 port  0:Bbit 0:forward:0; o2 ort
wite - excitatior | Downte | exaitatio
1 d-it 1oreverse oy, Stepping VAot pTireverse oy, ;Sleppmg
Funiction wite excitation motor wnite " excitation imotar
“control/ icontral/
| Tpatten pattern
| “generation; ‘generation
| Cporti(MI} :port 0 (MO)
| : :
l' | I ]
: ] L-select function of port 4
0 |P4
1 Stepping moter contral/pattern
generation port 0.
Select function of port 5
0 |P5

See “3.7 Stepping moter control”

Stepping moter control/pattern
1 |generation port 1

Figure 3.6 (10). Registers for Port 4, 5
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3.6.5 Port 6 (P60 - P67) also has interrupt request input, time clock input and timer

Port 6 is an 8-bit general-purpose I/0 port (P6: memory
address FFBDH), each bit of which can be set individually for
input or output. The control register (P6CR: memory address

output functions that can be specified with the port 6 function
register (P6FR: memory address FFBFH).

FFBEH) is used to set the bits for input or output. (1) P60 - P63
Reset operations clear all bits of the output latch and control
register to “0” to set port 6 to the input mode. P60 - P63 are also used for external interrupt request
In addition to its general-purpose 1/O port function, port 6 input (INT3 - | NT8).
~ Reset
w Directional
; control
B I
- | PECR write !
© l (Set) J
o Output Port 6
N latch Ouitput D psn;(um)
@ [} buffer P61 (INT4)
- P62 (INT
f P6 write ng :WTZ;
T
¥/

INT3, 4, 5, 6 interrupt request

Figure 3.6 (11). Port 6 (P60 - P63)
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) P64 -P65

P64 and P65 are also used for 8-bit timer clock input.

Reset

Directional

control

4

P6CR write

} (Reset)

Output

bus

data

Port 6
latch Output P64 (T10)
) buffer P65 (T12)

P6 write

Internal

<1

s

<1

—(

P6 read

TIO
(T12)

Figure 3.6 (12). Port 6 (P64 - P65)
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(3) P66 - P67

P66 and P67 are also used for 8-bit timer 0/1, 2/3

bus

data

Internal

Reset

Directional

timer output.

control

}

PECR write

1

Qutput

latch

4

P6 write

Timer output

|

Function

Selector

S

b

register

A

P&FR write

<1
x
1

1~
Output
buffer

i

P6 read

P6FR read

Figure 3.6 (13). Port 6 (P66 - P67)

P66 (TOO/TO1)
P67(T02/TO3)
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Port 6 register

7 ¢ & 5 : 4 302 10
P6 | bitsymbo P67 P66 : P65 P64 P63 P62 P61 | P60
(FFBDH)| resdavrite R/W
Resetting Value input mode
Port 6 control register
7 6 - 5 a3 2 0
PECR | brtsymbol P67C | P66C  P65C © PBAC | PB3C . P62C i P6IC_ | PBOC
(FFBEH) | Readmwnte w
RMW Resetting Value| 0 : 0 0 o] i 0 L0 0 0
dsadle | oction 0 IN 1 QUT (Specifies nput/output in 1 bit units)
¢ 1 [ I - L~ select function of Port 6
0 |input
1 |output
Port 6 Function register
7 6 . 5 ' 10
PEFR | bt Symbol TO3C : TOIC : - i = - = EXF  Fixedat"0”
(FFBFH) | Reagrwrite R/W - - - - R RW
Resetting Value| 0 o - i = L= = Cndetermnate . Q)
0 port 0 port : : : TEXX write “0”
1 To23 1 T00N instruction!
. Reverses
Function cutput output : eachtime |
:?xp(uled

0 |PB6

1 |TOO/TO1
Set operating mode oft
0 | P67

1 |TO2/TO3

Figure 3.6 (14). Register of Port 6

Set operating mode of timer 0, 1

imer 2,3
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3.7 Stepping Motor Control/Pattern Generation Port (P4,

P5)

The TMP90C051F has a built-in, timer-coupled, 4-bit, 2-channel
(MO and M1) hardware stepping motor control/pattern generation
port (hereafter called SMC). SMC (MO and M1) is also used as
4-bit input/output ports P4 and P5.

Channel 0 (MO) is coupled to 8-bit timer O or timer 1, and
channel 1 (M1) is coupled to 8-bit timer 2 or timer 3, to alter
output.

SMC is controlled by two control registers (P45CR and
P45FR) and is used to select the stepping motor control mode
and pattern generation mode.

3.7.1 Control Registers

(1)

Ports 4 and 5 Input/Output Specification Register
(P45CR)

This register is specifies 4-bit input/output port 5 input
and output in 1-bit units. All P45CR bits are cleared to
“0” by resets, which sets ports 4 and 5 for input. To
use ports 4 and 5 as SMC, set all P45CR bits to “1”
for output.

The P45CR register can only be written, and cannot
be read.

(4)

Ports 4 and 5 Function Control Register (P45FR)

This register is used to set ports 4 and 5 for use as

SMC. To use ports 4 and 5 as SMC, set P45FR
<MO0S, M1S> and P45FR4 (M1S) to “1”.

SMC is set to the 8-bit write mode or 4-bit write mode
with P45FR <PATO> and P45FR <PAT1>. When writ-
ing to SMC in the 4-bit write mode, it is only possible
to write to the 4-bit shift alternate register and SMC func-
tions as the pattern generation port.

To use SMC as the stepping motor control port, the
method of excitation is selected with P45FR <MOM>
and P45FR <M1M>; P45FR <CCWO0> and P45FR <

CCW1> control the direction of rotation.
Port 4

This is a 4-bit input/output port assigned to address
FFBO.

The 4 lower bits correspond to port 4 and the 4 upper
bits are a shift alternate register P4 <SA43 ~ 40>
used to drive the stepping motor in the pattern gener-
ation mode of with 1-2 excitations.

Port 5

This is a 4-bit input/output port assigned to address
FFBA.

The 4 lower bits correspond to port 5, and the 4 upper
bits are a shift alternate register P5 <SA53 ~ 50> used
to drive the stepping motor in the pattern generation mode
of with 1-2 excitations.
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7 . 6 5 | a 3 2 1o
pascr | brtsymbol P53C . PS2C © PS1C : PSQC : P43C @ P42C i P41C_: P40C
(FFBBH) | Readwrite W
(RAW Resetting Value| 0 0 : 0 : 0 0 0 -0 : 0
disable) | Function 0 IN 1:OUT (specifies inputioutput in 1 bit units)
L |
l_> Select input/output of port4
(1-bit units)
0 [input
1 |output
Selectinput/output of port5
(1-bit units)
0 [input
1 |output
Figure 3.7 (1). Ports 4, 5 Input/Output Specification Register (P45CR)
7 6 1 5 a4 3 2 10
PASFR | bit Symbol PATT © CCWI1 i MIM | MI1S : PATO | CCWO :MOM : MOS
(FFBCH)} readmvrite R/W
Resetting Value| 0 0o : 0 : 0 0 0 i 0 0
0:8bt 0 farward0: lorz  0:Port  [0:Bbit 0 forward[0:lor2  0:Port
wite Cexcitation i, Pownte G  excitation!,.
Function : H o : ;e
1:4bit S1ireverse 11:1-2 ESleppmg S1:4bit 11:reverse 11t 1-2 35‘?09'"9
write { excitation ‘motar write ! excitation motor
: ‘controller : H iontroller
;patlem ‘pattern
;geneva(woni ;generatlon
‘port(M1) : iport (M0)
] l l
| l Select function of Port 4
0 | General-purpose port
’ Stepping motor control

/ pattern generation port 0 (MO0)

Stepping motor control
Port 0 mode (excitation)

0
1

1 or 2 excitations (full step)
1- 2 excitations (half step)

Stepping motor control
Port 0 direction of rotation

0 |Forward
1 |Reverse
Port 4 write mode select
0 | 8-bitwrite
, 4-bit write (pattern generation mode)

(writes only the shift alternate register)

Figure 3.7 (2a). Port 4 and 5 Function Control Register (P45FR)
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7 L6 5 4 3 0 2 0
P4SFR | bit Symbol PAT1 : CCWI1 = MIM M1S PATO : CCWO - MOM MOS
(FFBCH) | readmvrite R/W
Resetting Value 0 0 [¢] 0 o] 0 0 0
0:8bt (0. forwardi0:lor2  0:Port  (0:Bbit (0 forward 0:lor2 0 Port
write fexctation . Dowrite : excitation! .
Function : X : H :
14 bt 1:reverse (1:1-2 Stepping  1:dbit Plireverse t1:1-2 Stepping
write *excitation ‘motor D owrite © excitation imotor
: ‘controller : : icontroller
‘pattern ‘pattern
generation: ‘generation

‘port(M1) iport (M0)

T ] - [ - l

Select function of Port 5

0 | General-purpose port
1 Stepping motor control
/ pattern generation/port 1
Stepping motor control
Port 0 mode (excitation)
0 | 1 or 2 excitations (full step)
1 | 1-2 excitations (half step)
Stepping motor control
Port 0 direction of rotation
0 |Forward
T Ravaraa
Port 5 write mode select
0 | 8-bit write
] 4-bit write (pattern generation mode)
(writes only the shift alternate register)

Figure 3.7 (2b). Port 4 and 5 Function Control Register (P45FR)

7 6 5 4 3 2 0 0
P4 bit Syembol SA43 SA42 SA41 SA40 P43 P42 - P4t P40
] P RIW R/W
Resetting Value Undefined Input Mode
) * Stepping motor cantrol port 0 (MQ) l e
Function Shift Alternate reg.0 : toth
Pattern Generation Port 0 )
L 1 ]
. Port 4
Shift Alternate reg.0
7 6 5 4 3 2 : 1 0
P5 it Symbol | SAS3 SAS52 SAS51 SAS0 P53 P52 P51 P50
(FFBAH) | oo umminne R/W RIW
Rosetting Vaiue Undefined Input Mode
Stepping motor control port 1 (M1) & use
Function Shift Alternate reg.1 both
' Pattern Generation Port 1 j

n

————FPort5
Shift Alternate reg.1

Figure 3.7 (3). Port4 and 5
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3.7.2 Pattern Generation Mode

SMC can be set to function as a pattern generation port with
bits 3 and 7 (PATO and PAT1) of P45FR. In the mode, the CPU
writes only to the shift alternate register; therefore, during shift
trigger timer interrupt processing, it is possible to write to ports

Shift alternate
register

4 and 5, and to output patterns in real time by coupling with
the timer.

In this mode, it is also necessary to always set P45FR1
and P45FR5 (MOM and M1M) to “1”.

Figure 3.7 (4) shows the mode block diagram.

Qutput latch

LATCH43 F—\-E] MO3 (P43)

-— SA43

bus

LATCH42 F_»D Moz (P42)

-— SA42

{ LATCH41 ’——-D MO1(P41)

Internal

|

LATCH40 FH[] MO0 (P40)

-— SA40
L

J

Shifted by shift trigger from the timer.

Figure 3.7 (4). Pattern Generation Mode Block Diagram (Port 4)

In this pattern generation mode, only writing to the output
latch is disabled by the hardware. All other operations are the
same as for 1-2 excitations in the stepping motor control port

mode. Consequently, after a trigger signal from the timer, it is
always necessary to write data before the next trigger signal is
generated.
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3.7.3 Stepping Motor Control Mode

Figure 3.7 (5) and (6) show the channel O output waveforms

for 4-phase 1-excitation and 4-phase 2-excitation.

(1) 4-Phase 1-Excitation/2-Excitation

Sets cycle with timer O or timer 1.

A ) BN | N | B |

:bo b3 b2 bl b0
MO0 (P40)

ib1 b0 b3 I |b1
MO1 (P41) ; b2

Mo2(Paz) b2 |b1 b0 b3 [b2 ]

Mo3(paz) b3 b2 b1 b0 b3

!

Initial value P4 « x x x x0100

Note: bnindicates the initial value P4 <- XXXXb3 b2 b1 b0.

@  Forward rotation

ensmer Tl M 1 [

b0 b1 b2 b3 b0
MO0 (P40)

b1 b2 b3 b0 b1

MO (P41)

MO2 (P42) ‘b2 [bB b0 b1 |b2 |

Mo3 (Pa3) b3 b0 b1 b2 [ b3

A
I
Initial value P4 & x x x x 0100

@) Reverse rotation

Figure 3.7 (5). 4-phase, 1-Excitation Output Waveform (Forward/Reverse)
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Tri ignal
riagersignal ] M M M M n
woopag 2 b3 b2 | EX b0 |
b bo b3 b2 [ [
MO1 (P41)
Mo2 (Paz) b2 Ib1 b0 [b3 b2
Mo3(Pa3) 03 b2 b1 b0 |b3 |

Initial value

x X % x 1100

Figure 3.7 (6). 4-Phase, 2-Excitation Output Waveform (Forward)

The following is an explanation of channel O operation.
The MO (also used P4) output latch is shifted and output

to the port at the rise of the trigger signal from the timer.

(MO0 - MO1 « M02 - M0O3) when CCWO is “1”. Setting only
one bit to “1” when making the port 4 initial setting sets 4-phase,
1-excitation; setting 2 consecutive bits to “1” sets 4-phase, 2-

excitation.

The shift direction is set with PA5FR5 (CCWO). The direc-

tion of rotation is forward when CCWO is “0”, and is reverse

Figure 3.7 (7) shows the block diagram.

— SA40

™ Output latch
Shift alternate register L
R LATCH43 L ~[]MO03 (P43)
pe]
o= sA43 i
- LATCHA42 L[] MO2 (P42)
: [archsz |o—00
S sa42 n
2 | LATCHA41 [ M01 (P41)
. L=
S sag 5
LATCH40 L[] MOO (P40)

KL Indicates shift at the rise of the
trigger signal from the timer.

Figure 3.7 (7). 4-Phase, 2-Excitation (Forward) Block Diagram
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(2)  4-Phase, 2-Excitation

Figure 3.7 (8) shows the channel O 4-phase, 2-excita-

tion output waveform

Trigger signal
from timer . n n
b0 b4 b3 b7 b2 | b6 b1 bSs
MO0 (P40)
b1 b5 b0 b4 b3 b7 b2 b6
MO (P41) L6
MO2 (P42) b2 | b6 b b5 b0 b4 b3 b7
MO3 (P43) b3 b7 b2 | b6 b b5 b0 b4
4

Initial value P4 « 10001100

Note: bnindicatesinitial value P4 <-b7 b6 b5 b4 b3 b2 b1 b0.
@  Forward rotation
HoRtmer! I [ I I [ I §
MO0 (P40) b0 b5 b1 b6 [ b2 b7 b3 |L
MO1 (PaT) b6 b2 b7 b3 X b0 bs
MOZ (P42) b2 b7 b3 ba b0 b5 b1 b6
MO3 (P43) . b3 ba b0 bs b1 b6 b2 b7
t

Initial value P4 « 10001100

@  Reverse rotation

Figure 3.7 (8). 4-Phase, 1-2 Excitation Output Waveform (Forward/Reverse)
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The 4-phase, 1-2 excitation settings are as shown below.

Intial value b7 b6 b5 b4 b3 b2 b1 b0

When the initial value is rearranged as, 3 consecutive bits
are set to “1” and the others to “0” (positive logic).

For example, if b3, b7 and b2 are “1”, the initial value is
10001100 and the waveform shown in Figure 3.7 (8) is
obtained.

To obtain a negative logic output waveform, reverse the
“1s” and “0s” of the initial value. For example, to obtain the
waveform shown in Figure 3.7 (8) with negative logic, the initial

b3 b7 b2 b6 b1 b5 b0 b4

value must be 01110011.

The following is an explanation of channel O operation.

The MO (also used as P4) output latch and stepping motor
control shift alternate register (SA4) is shifted and output to the
port at the rise of the trigger signal from the timer. The shift
direction is set with P45FR <CCWO>.

Figure 3.7 (9) shows the block diagram.

OQutput latch

| Shift alternate register
AL
E LATCH43 ——[] MO03 (P43)
4
L
L T
L
5|2 P42)
a LATCH42 [ ] MO02(
o L
D
- ) 4L
7]
- b1 LATCH41 ———[]MO01 (P41)
SL
2]
y L
b0
LATCH40 ’—~—»[| MO0 (P40)
4L
M e ]
- [

Figure 3.7 (9). 4-Phase, 1-2 Excitation (Forward) Block Diagram
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Setting example:

Setting the registers as shown below

when driving channel O (MO) with timer

0 at 4-phase, 1-2 excitations.

TRUN &« - - - - - - - 0 Stops timer 0 and clears it to zero.

TOIMOD « 00 X X --01 Sets the 8-bit timer mode and sets the timer 0 input
clock to ¢4T1.

TFFCR « - ---1010 Clears TFF1 to zero and enables the inversion trigger
with timer 0.

TREGO oKk ok ok ke kK Loads the cycle to the timer counter.

P45CR ----1111 Sets all P4 bits to output mode.

P45FR « - - --0011 Sets 4-phase, 1- 2 excitations, forward rotation.

P4 10001100 Sets the initial value.

TRUN « - -1----1 Starts timer 0.

Note: X ;don’tcare - ;nochange

3.7.4 Timer Trigger Signals

The trigger signals used with SMC are not the same as the

timer flip-flop (TFF1, 3) inversion trigger signals, but differ as

shown in Table 3.7 (1) depending on the timer operation mode.

Table 3.7 (1) Using 8-bit timers 0 and 1 (same for timers 2 and 3)

TFF1 Inversion

SMC shift

8-bit timer mode

Selected with TFFCRO (FF11S) when the up counter matches TREGO or
TREG1.

16-bit timer mode

Selected when the up counter matches both TREGO and TREG1 (up counter
valug = TREG*28 + TREGO).

—

PPG output mode

Selected when the up counter matches TREGO and TREGT, respectively.

Selected when the up counter matches TREGT (PPG cycle).

PWM output mode

Selected when the up counter matches TREGO.

The SMC shift trigger signal is not generated.

Note:

It is necessary to TFFCR1 (FF1IE) to “1” and enable TFF1 inversion when SMC is shifted.
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3.7.5 SMC and Timer Output Application When driving a stepping motor, a sync signal at the excitation
As was explained in “3.7.4 Timer Trigger Signal”, SMC shift switchover timing is often necessary together with each phase
and TFF inversion timing differ depending on the timer mode. value (SMC output). In view of this, in this application the port 4
The following is a description of a typical application in which is used as the stepping motor control port and the sync clock

SMC is operated while the 8-bit timer is operated in the PPG is output to TO1 (also used as P61).
output mode.

|«~——TREG1—]

TO1(P66) |ml I [ | I I
MO0 (P40) I

MO1 (P41) | —
MO02 (P42) | I
MO3 (P43) | |

4-phase, 1-Excitation Output Waveform

Setting example:

TRUN - - - == - 00 Stops timer 0 and 1, and clears to zero.

TOIMOD « 1 0 X X X X 0 1 Sets timer 0 and 1 to the PPG output mode and sets the
input clock to T1.

TFFCR ¢ - - --011X Enables TFF1 inversion and setsto "1."

TREGD & * * * * # « * & Sets TREGO to TO1 duty.

TREGLT & * * * » & % » & Sets TREG1 to TO1 cycle.

P6FR ¢ -1 - - - - - - } )
Sets Pbo as TO1 pin.

PBCR € -1 - - - - - -

P45FR « - - - - 001 Sets P4 as SMC and 4-phase, 1-excitation.

P45CR « - - --1111 Sets all P4 bits to output mode.

P4 R O Sets the initial value

TRUN +« - -1---11 Startstimers 0 and 1.

Note: X;don'tcare  -;nochange
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3.8 Timers

The TMP90CO051F has four 8-bit timers (timers 0, 1, 2 and
3).

These four 8-bit timers can be operated independently
or cascade connected to form two 16-bit timers. These 8-bit
timers have the following four operation modes.

e 8-pbit internal timer modes (4) } Can be combined

* 16-bit interval timer modes (2) } (8 bits x 2, 16 bits x 1)

e 8-bit programmable square wave (PPG: variable duty
at fixed interval) (2).

e 8-bit PWM (pulse width modulation: variable duty at
fixed interval) output modes (2)

Figure 3.8 (1) shows the 8-bit timer (timers O and 1)
block diagram.

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

The configuration of each interval timer consists of an 8-
bit up counter.

8-bit comparator and 8-bit timer register. Timer flipflops
(TFF1 and TFF3) are available for the timer O and 1 pair, and
the timer 2 and 3 pair. The internal clocks @T1, 0T4, @T16
and @T256 used as the input clocks to the interval timers are
obtained from the 9-bit prescaler shown in Figure 3.6 (2).

The operating modes and timer flipflops for the 8-bit tim-
ers are controlled by 5 control registers (TO1MOD, T23MOD,
TFFCR, TRUN and TRDC).
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TFFCR

TRUN <TORUN>

TRUN<TIRUN>

>
L0 Cl

<FFI1C1,0>

Fhipflop :

control

o =

0

Wi,

9]

— Timer
’—p flipflop T01

TOIMOD<TIOM[, 0>
v

T:{:>v—> Selector

TFFCR

[

<FF1IE>

-—
TOIMOD<T10M1,0>

RUN ]Clear RUN a
ear
External 8bit e *
input (TI0) Up counter it
#T1(8/FC) —=| Selector p(UCO) AT1 Selector Up counter TFFCR<TFF1I5>
sT4(32/FC) —> 4T16 —> (ucy
#T16 (128/FC) —> 21 #7256 —>
* »'x overfliow [}
TOIMOD <TOCLK 1,0 TOIMOD<T10M1, 2>
8bit 8bit 1
Comparator {(¢p0) Comparator (cp1)
= T
INTTO
Selector

PPG TRG v

PWMTRG | selector INTT1

TREG-WR

* Register buffer TREG 1
TRDC
<TRODE >
Internal bus

Figure 3.8 (1). Timer Block Diagram (Timers 0 and 1)
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0O Prescaler

This 9-bit prescaler generates the clocks used for
input to the 8-bit timers and baud rate generator, TPH
serial I/F by further dividing the fundamental clock after
it has been divided by 4 (fc/4)

The four clock T1, T4, T16 and @T256 are used for

$T0

the 8-bit timers.

This prescaler can be enabled/disabled with the 5th
bit TRUN <PRRUN> of the timer operation control
register (TRUN). Setting <PRRUN> to “1” starts count-
ing and setting it to “0” clears and stops the timer.
Resets clear <PRRUN> to “0”, so the prescaler is
cleared and stopped.

Cycle
fc

Input 12.5MHZ | 16MHZ
klock

#T1(8/FC) 0.64us 0.545

4T4 (32/FC) 2568 208

4T16 (128/FC) 10.24.5 8.0us

$T256 (2048/FC) | 163.84.s5 128 us
sT1 472 ¢T4 4T8 ¢T16 T32 #7256

!

bttt

01 2 3 4 5 6 7 8
Oscillator | f¢
circuit ' 174 9-bit prescaler
_— Trum’stop & clear
=1
1/2 TRUN<PRRUNZ>
R (,’52

fc/d

PN B

#T4

Figure 3.8 (2). Prescaler
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0 Up-counter

This is an 8-bit binary counter that counts up in accordance
with the input clock specified with the timer O and 1
mode register (TO1TMOD) and timer 2 and 3 mode register
(T23MOD).

The timer O/timer 2 input clock can be selected from
external clocks (T10 and TI2) and the three internal
clocks @T1, aT4 and @T16 by setting the TO1MOD/
T23MOD registers.

The timer 1/timer 3 input clock differs depending on
the operating mode. In the 16-bit timer mode, the
timer O/timer 2 output overflow is used as the input
clock.

In other than the 16-bit timer mode, the input clock is
selected from the internal clocks @T1, @T16 and
1256 by setting the TOIMOD/T23MOD registers, and
the timer O/timer 1 comparator output (match detec-
tion).

Examples: If TOITMOD <T10M1, 0> = 01, the timer O
overflow output is used as the timer 1
input clock (16-bit timer).

If TO1MOD <T10M1, 0> = 00, and
TOIMOD <T1CLK1, 0> =01, oT1 (8/fc) is
used as the timer 1 input clock (8-bit
timer).

The operating mode is also set using the TOITMOD/
T23MOD registers. <T10M1, 0> and T23M1, 0> are
initialized to “00” by resets. This sets the 8-bit timer
mode.

Concerning the up counters, each interval timer can
be enabled, disabled or cleared with timer operation con-
trol register TRUN. All counters are cleared and timers
are stopped by resets.

O Timer register

These are 8-bit registers used to set interval times.
When the values to which the timer registers (TREGO/
TREG1 and TREG2/TREG3) are set and the up
counter value match, the comparator match detect
signal becomes active. When the setting value is O0H,
the match detect signal becomes active in case of an
up counter overflow.

Timer registers TREGO/TREG2 have a double-buffer
configuration and these registers and buffers are used
as pairs.

The TREGO/TREG2 double buffer is enabled and disabled
with <TRODE> and <TR2DE> of the timer register
double buffer control register (TRDC). The double
buffer is disabled when <TRODE>/<TR2DE> = “0” and
enabled when <TRODE>/<TR2DE> = “1”.

The timing for data transfers from a register buffer to a
timer register when double buffer has been enabled is
determined by compare matching of PWM mode 2" - 1
overflow or PPG mode cycle.

<TRODE>/<TR2DE> are initialized to “0” by resets,
which disable double buffers. When using a double
buffer, write data to the timer register, set <TRODE>/
<TR2DE> to “1” and then write the following data to
the register buffer.
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Note:

Up counter

Comparator

Timer register 0, 2

. PPGcycle match detect

Sele PWM2n - 1overflow

Shift ceor TREG 0/2 WR
trigger

Register buffer 0, 2

| Write

TRDC<TRODE >/<TR2DE>

Internal bus

Figure 3.8 (3). Timer Register 0, 2 Configuration

The timer registers and register buffers
are assigned to the same memory
addresses.

When <TRODE>/<TR2DE> = 0, the same values are
written to the register buffers and timer registers.
When <TRODE>/<TR2DE> = 1, values are written only
to the register buffers.

The timer register memory addresses are as follows.

TREGO: FFCOH
TREG1: FFC1H
TREG2: FFC2H
TREG3: FFC3H

These are write-only registers.
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7 i 6

5 : 4

3

2 o1 0

TOIMQD | bitSymbal

T10M1 : T10MO

PWMO1 PWMOO - TICLK1  T1CLKO TOCLK! ‘TOCLKO

(FFCAH) | Reagrwirite

R/ W

—

Resetting Value|

00

0 0

0

0 0 0

Function

00: 881t Timer
01: 1681t Timer
10 8Bt PPG
11 8Bt PWM

00 -
01: 26-1 PWM
100 27-1 cycle
11 281

00

01: ¢T1
10: 716
11. 51256 11 4716

TOOTRG : 00: TIO

01 4T
W0 aT4

1

I

Timer 0 input clock

00

External clock TIO

01

Internal clock ¢T1

110
!

Internal clock ¢T4

Il

Internal clock ¢T16

L——=Timer 1 input clock

[
|

TOTMOD7, 6% 01 TOTMOD7, 6 =01

00

Timer 0 comparator | Timer 0 overflow
output output

Intem.all c]lé__c_k ,5T1 (16-bit timer
Internal clock 4T16 | mode)

Internal clock

—

PWMO cycle select
(Don't care for other than the PWM mode.)

00 - ‘
01 261 l
KR 27 -1 .
[11 28-1 j

Timers 0 and 1 operating mode setting

00 |8-bit timer x 2 (timer 0/1)

01

16-bittimer

10

8-bit programmable square wave output

1

8-bit PWM output (timer 0)
+ 8-bit timer (timer 1)

i

Figure 3.8 (4). Timer 0/1 Mode Register (TO1MOD)
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T23MOD
{(FFCSH)

7 - 6 S5 - 4 3 L o2 i 1 i Q@
bit Symbol T23M1° T23MO0 PWM21 - PWM20 : T3CLK1: T3CLKO :T2CLK1 :T2CLKO
Read/Write R/W
Resetting Value 0 0 i 0 o i 0o i 0 : 0 S0

00 8Bt Timer  © 00: - © 00 TO2TRG : 00: T2
Function 01 1681t Timer  ° Q1: 281 PWM 01 271 01: 4T1

10: 881t PPG : 10: 27-1 cycle 10: ¢T16 10: 474

11 8RRt PWM : 11 281 11 4T256 : 11: 4T6

1 1 |

l~-Timer 2inputclock
00 |External clock TI2

01 |Internal clock ¢T1

10 |Internal clock ¢T4
11 |Internal clock ¢ T16

———=Timer 3 input clock

T23MOD7, 6% 01 TO1MOD7,6 =01

[00 | Timer 2 comparator

Timer 2 overflow
output output

01 |Internalclock ¢T1 116 it timer
10 |Internal clock 4716 | mode)

1 -!mternal clock

L = PWM2 cycle select
(don't care in other than the PWM mode.)

00 -

01 261
10 27 -1
1 28-1

Timer 2/3 operating mode setting

00 [8-bittimer x 2 (timer 2/3)
01 |16-bittimer

10 |8-bit programmable square wave output
11 |8-bit PWM output (timer 2)
+8-bit timer (timer 3)

Figure 3.8 (5). Timer 2/3 Mode Register (T23MOD)
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TFFCR
(FFCBH)

(RMW
disable)

7 6 5 i 4 3 0 2 o1 0
bit Symbol TFF3C1 | TFF3CO: TFF3IE : TFF3IS : TFFIC1 : TFF1CO TFFUE : TFF1IS
Read/Write W R/W W H R/W
Resetting Valuel = 0 0 - 0 0

00: Invent TFF3 TFF3 EO: Invers- 00: Invent TFF1 2 1: TFF1 0: Invers-
Function 01: Set TFF3 Invert ion with’ 01: Set TFF1 Dodnvert | ionwith

10: Clear TFF3 Enable | timer2 : 10: Clear TFF1  ©  Enable | timer0

11: Dont Care. 11: DontCare

T =7 ]

D"Tlmer flipflop TFF1 inversion signal reset
(Don't care for other than the 8-bit timer mode.)

0 |Inversion withtimer 0

1 | Inversion with timer 1

Timer flipflop TFF1 inversion

0 | Disable

1 Enable

——— Timer flipflop TFF1 contro!

00 |Invertsthe TFF1 value (software inversion)

01 {SetsTFF1to"1".

10 | Clears TFF1to "0".

11 | Don'tcare

(Always read as “11")

L Timerflipflop TFF3 inversionsignal reset

(Don't care in other than the 8-bit timer mode.)

0 | Inversion with timer 0

1 |Inversionwith timer 3

——————— Timer flipflop TFF3 inversion

0 | Disable

1 |Enable

> Timer flipflop TFF3 control

00 |Invertsthe TFF3 value (software inversion)

01 |SetsTFF3to"1".

10 |Clears TFF3to "0".

11 |Don'tcare

(Always read as “"11"))

Figure 3.8 (6). 8-bit Timer Flip-flop Control Register (TFFCR)
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7 . 6 - 5 1 4 3 2 10
TRUN - : : : : . :
bit Symbol - PRRUN : - T3RUN : T2RUN_: TIRUN | TORUN
(FFC8H) . . : :
Read\Write - : - o RW - B R/W
Resetting Value| - - : 0 : - 0 0 : 0 : 0
! : Prescaler & Timer RUN/STOP Control!
Function 0: Stop & Clear
B RUN
- Timer 0 operation
Stop and clear
Timer 1 operation
0 |Stop andclear
1 |Count
—> Timer 2 operation
0 |Stop and clear
1|coumt T
L, Timer3operation
0 |Stop and clear
1 | Count '
> Prescaler operation
I 0 |Stop and clear
[ 1 |Count
Figure 3.8 (7). Timer Operation Control Register (TRUN)
7 . 6 5 i 4 3 2 i 1 1 0
TROC [oisymboi | Fmwedat®e? - . - i - i - i _  :TR2DE . TRODE
(FFCTH) Read/Write A T e e : R/IW
Resetting Value 0 L= - - - : - : 0 : 0
Write 0" : ‘Timer Reg
Function H Doubte Buffer Control
0: Double Buffer Disable
1. Double Buffer Enable

‘: Timer register 0 double buffer control

0 |[Disable

1 | Enable

Timer register 2 double buffer control
0 | Disable

1 Enable

Figure 3.8 (8). Timer Register Double Buffer Control Register (TRDC)
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O Comparator

When a comparison of the up counter value and timer
register values shows a match, the up counter is
cleared to “0” and an interrupt (INTTO-INTT3) is generated. If
timer flip-flop inversion is enabled, the timer flip-flop value
is inverted at the same time.

O Timer Flip-flop

This flip-flop is inverted by the interval timer match
detect signals (comparator output) and the value can
be output to the timer output pins TO1 (also used a
P66) and TO3 (also used as P67).

One each of these timer flip-flops is provided for the
timer 0/1 pair and the timer 2/3 pair. These timer flip-
flops are called TFF1 and TFF3. TFF1 outputs to TO1
and TFF3 outputs to TOS.

MSB LSB
76543210
TRUN « X X X--0-
TOIMOD « 00 X X0 1--
TREGL « 01010000
INTEL ¢ XX ----1-
TRUN « XX X - 1-
Note: X :don'tcare -:nochange

Refer to the table below concerning input clock selection

The following explains the operation of the 8-bit timers.

(1)  8-Bit Timer Mode

The four 8-bit interval timers O, 1, 2 and 3 can be used
independently. The operation is the same for all and
timer 1 will be used for explanatory purposes.

O When interrupts are generated in a fixed cycle

To use timer 1 for generating interrupts (INTT1) in a
fixed cycle, first stop timer 1 and then load the operation
mode, input clock and cycle to the TOIMOD TREG1 reg-
isters. Next, enable interrupt INTT1 and then start timer
1 counting.

Example:  Use the following procedure to load the

registers to generate timer 1 interrupts
every 40 microseconds at fc = 16MHz.

Stops timer 1 and clears it to zero.

Sets the 8-bit timer mode and sets the input clock to ¢T1
(0.5 HS @ fc= 16MHZ).

Loads 40us/ ¢T1=50H to the timer register.

Enables INTT1.

Starts timer 1 counting.

Table 3.8 (1) Interrupt Cycle and Input Clock Selection Using an 8-Bit Timer

Interrupt cycle (@fc = 16MHz) Resolution Input clock
0.5p5 ~ 128 058 gT1 (8/fc)
2 s ~ 51218 215 814 (32/fc)
8 15 ~ 2.048ms 815 2116 (8128/fc)
128 15 ~ 32.768ms 128 18 21256 (2048/fc)

TOSHIBA CORPORATION
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O Outputting a 50% duty square waveform

Invert the timer flipflop at a fixed cycle and output the

timer flipflop value to the timer output pin (TO1).

TRUN
TO1MOD

TREG1
TFFCR
P6CR

PEFR
TRUN

Note :

MSB LSB

T
o
=)
>
>
o
—

I

I

1
=
o
o
o
=]
[=]
[
-

t

1

I

|

]
-
o
-
-

- 1 -=-=-=-- - }
« -1 XXX X--

« X X1X--1-

X ;don’t care -;nochange

Example:  Use the following procedure to load the
registers to output a square waveform
from the TO1 pin in a 3.0 microsecond
cycle at fc = 16MHz. Timers O and 1 are
used in this case but timer 1 will be used
here for explanatory purposes.

Stops timer 1 and clears it to zero.

Sets the 8-bit timer mode and sets the input clock to
4T1(0.5u5@fc = 16MHz)

Loads 3.04s+ ¢T1+ 2 =3 to the timer register.
Clears TFF1to "0" and sets for inversion with the
match detect signal from timer 1.

Sets P66 as TO1 pin.

Starts timer 1 counting.

TRUN1
BIT7~2

up BIT
counter

BITQ,

Comparator
timing

S

1

Comparator output

(match detect)
INTT1

UC counter

Clear

TFE1

TO1

I I I B
e

2 4,5@fc = 10MHz

Figure 3.8 (9). Square Waveform (50% Duty) Output Timing Chart
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O Starting timer 1 counting with timer O match output

Set the 8-bit timer mode and set the timer O comparator

Comparatortimer 0

output as the timer 1 input clock.

]

match output

e Y OOOOCOOC0OE
(when TREGO = 5)

Timer 1 up counter 1
(when TREG1 =2)

2 X 1

I

Timer 1 match output

Figure 3.8 (10)

O Output inversion with software

The timer flipflop value can be inverted regardless of
timer operation.

Writing 00 to FF1C (bit 3 and 2 of TFFCR at memory
address FFCB) inverts the TFF1 value. Writing 00 to
FF3C (bits 7 and 6 of TFFCR at memory address
FF3C) inverts the TFF3 value.

O Timer Flipflop initial setting

The timer flipflop initial value can be set to either “0” or
“1” regardless of timer operation.

For example, write 10 to FF1C (bits 3 and 2 of TFFCR)
at memory address FF1C to set TFF1 to “0” and write
01 to memory address FF1C to set TFF1 to “1”.

Note:  Timer Flipflop and timer register values cannot
be read.

16-Bit Timer Mode

16-bit interval timers can be created by using timers 0
and 1 as a pair and timers 2 and 3 as a pair.

Timers O and 1, and timers 2 and 3 have the same
operation, so timers 0 and 1 are used here for explanatory
PUrposes.

Cascade connect timers 0 and 1 and set bits 7 and 6
of the timer 0 and 1 mode register TOTMOD to “00” to
enable use as a 16-bit interval timer.

When the 16-bit timer mode is set, the timer O over-
flow is used as the timer 1 input clock regardless of the
T1CLK (bits 3 and 2 of TO1MQOD) setting value. Table
3.8 (2) shows the relationship between timer (interrupt)
cycles and input clock selection.

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

Interrupt cycle (@fc = 16MHz) Resolution Input clock
0.5 s ~ 32.768ms 0.518 g1
2 s ~131.072ms 218 gT4
8 |5 ~ 524.288ms 218 2716
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(3)

The timer (interrupt) cycle is set by loading the 8 lower
bits to timer register TREGO and the 8 upper bits to
timer register TREG1. In this case, always set TREGO
first. (Comparison is temporarily halted by writing data
to TREGO and comparison is started by writing data to
TREG1.)

Setting example: To generate the interrupt INTT
every 0.5s at fc = 16MHz, load the
following values to TREGO and
TREGH1.

When counting using oT16 (= 8us
@16MHz),

0.5s + 8us = 62500 = F424H
therefore, set TREG1 = F4H,
TREGO = 24H.

Up counter value

(UC1, uco)

Timer 0 comparator H
match detect signal

0000H 008CH

0180H

[

The timer O comparator match detect signal is output
each time the time counter UCO and TREGO values
match; however, up counter UCO is not cleared.
When the timer 1 comparator match detect signal is
output at each comparator timing cycle, if up counter
UC1 and TREG1 match, up counters UCO and UCH
are cleared to “0” when the match detect signals of
both timer 0 and 1 comparator are output at the same
time, and interrupt INTT1 is generated. If inversion is
enabled, the value of the timer flipflop TFF1 is inverted.

Example: When TREG1 = 04H, TREGO = 80H

0400H
0280H 0380H 0480H

L1

Interrupt INTT1

|

I

Timer output

|
i
i
i
|
i
X Inversion

TO?

Figure 3.8 (11)

8-bit PPG (Programmable Square Waveform) Output Mode
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Timer O of timer 2 can be used to output square wave-
forms of optional frequency and optional duty. The output
pulses can be either low-active or high-active. Timers 0
and 3 cannot be used when this mode is set.

When timer 0O is used, the output goes to TO1 (also
used as P66) and when timer 2 is used, the output
goes to TO3 (also used as P67).

Timer O will be used for explanatory purposes. (Operation
is the same with timer 2.)

TREGO and UCO match
(Interrupt INTTO)

TREGO and UCO

Rl
(Interrupt INTTO) /

S s

This mode outputs a programmable square waveform
by inverting the timer output each time the 8-bit up
counter 0 (UCO) matches timer registers (TREGO and
TREG1.

It is necessary, however, to satisfy the condition
(TREGO setting value) < (TREG1 setting value).

The timer 1 up counter (UC1) cannot be used in this
mode but timer 1 can be used for counting by setting
TRUN <T1RUN> = 1.

Figure 3.8 (12) shows the block diagram for this mode.

TO1
TRUN<TORUNZ> 4

TIO >
¢ T1(8/fc)
4T4 (32/f¢)

—_—

Selector

—_—

up counter UCO

4—1 TFF

Inversion

4T16(128/f¢) ——

f

[

TOIMOD<TOCLK1, 0>

INTTO

Comparator INTT1

Selector

L

TRDC<TRODE>

.
TREGO-WR Shift trigger

Register buffer

TREG1

Internal bus

Figure 3.8 (12). 8-Bit PPG Output Mode Block Diagram
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In this mode, the register buffer value is shifted in to A double buffer facilitates small duties (when changing
TREGO by TREG1 and UCO matching when TREGO is the duty).
enabled as a double buffer.

Match with

| I

TREGO

Match with

(Up counter =Q;) (Up counter =Q,)

TREG1

( Shift from register buffer

TREGO

(compare value)

Register buffer

Qs \X Q2

i

Q2 X Q3

Write to register buffer A

Example: Outputting a 1/4 duty 50kHz pulse (@fc = e Determining timer register setting values

16MHz)

T T T

The frequency is set to 50kHz by making
at=1/50kHz = 20us waveform.
When @T1 = 0.5us (@16MHz) is used 20us + 0.5us = 40

‘onﬂsw‘

TRUN
TO1MOD
TFFCR

TREGO
TREG1
PBCR
PGFR
TRUN

Note :

MSB

O
_ox =~
o x @
1
>
1
1

T
1
1
l
]

—

L
=}

[=J =]
- o
o o
=
o o

« -1 x x x x

x ;don’t care

therefore, timer register O (TREGO) is set to 10 = OAH.

LSB
10
00 Stops timer 0 and timer 1, and clears them to zero.
01 Sets the 8-bit PPG mode and sets the input clock to ¢T1
1 x Sets TTF1 and enables inversion.

A negative logic output waveform is obtained when set to “10”

10 Writes 0AH
00 Writes 284
i i } Sets P66 as the TO1 pin.
11 Starts timer 0 counting.
-;nochange
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(4)  8-bit PWM output mode Timer output is inverted when the up counter (UCO)
matches the timer register TREGO value and 2" - 1

Only timers 0 and 2 can be used in this mode. Up to (setton =6, 7 or 8 with the TOTMOD register) counter
two 8-bit resolution PWM outputs are possible (PWMO overflows. Up counter UCO is cleared by 2" - 1
and PWM2). counter overflows.
When timer O is used, the PWM waveform is output to The fO”OWing conditions must be satisfied when the
TO1 (also used as P66) and when timer 2 is used, the PWM mode is used.
PWM waveform is output to TO3 (also used as P67).
Timer 0 (PWMO) is used for explanatory purposes. (Timer register setting value) < (2" - 1 counter overflow
(Operation is the same for timer 2). setting value)

(timer register setting value) # 0

TREGO and UCO match ”H

2n - 1 overflow /ﬂ / /ﬂ

(interrupt INTTO) \ \
o m

Figure 3.8 (13) shows the block diagram for this mode
TO!
TRUN < TORUN> A
TIO —_— . ~—TFFCR<PFIC
sTLBI) — 8-bit TFF 1,0, FF1IE,
#T4(321fc) —=| Selector up counter UCO a FE1IS>
$T16(128/¢) — 4__elar Inversion
T T -1 |«TOIMOD

TOIMOD<TOCLK1, 0> =—<T10MO

overflow 00> = 11
control |« TOIMOD
~—<PWMOQ1,0>
c 1 (N = 6~8 select)|
omparator

v INTTO
’—‘ TREGO
Selector Mo o
TREGD-WR —» Shift trigger

|
|

L Register buffer

TRDC<TRODE>

Internal bus

Figure 3.8 (13). 8-Bit PWM Output Mode Block Diagram
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In this mode, the register buffer value is shifted in to buffer is enabled.
TREGO by 2" - 1 overflow detection when the TREGO double A double buffer facilitates small duties.

Match with ﬂ J

TREGO (Up counter=Q;) (Up counter=Q;)
201
Overflow ( Shift from register buffer
Y
TREGO. e Q1 X Q2
compare value 7/\
Q2 X Q3
Register buffer y)

Write to register buffer

Example: Outputting the PWM waveform shown below Setting a PWM cycle of 63.5 with us gT1 = 0.5us (@fc =
to the TO1 pin using timer 0 at fc = 16MHz. 16MHz)
63.50s + 0.5ps = 127 = 27- 1
Thus, n =7 is set.
|4 ] The “LOW” level cycle is 36ps; theref teT1=0.5
e evel cycle is 36us; therefore, at @T1 = 0.5us
1 1 [ 11 36us + 0.5us=72 = 48H is loaded to TREGO.

|4— 63.5us —|

MSB LSB
7654321
TRUN ¢ xx - x---0 Stops timer 0 and timer 1, and clears them to zero.

TO1MOD

T
—_
—
(=]
1
1
(=]

Sets the 8-bit PWM mode (cycle =27 - 1) and sets the
input clock to ¢T1

TFFCR ¢ - - - -10 X Clears TFF1 and enablesinversion.
TREGO « 01001000 Writes 48H
PBCR & -1 - - - - - - )
} Sets P66 as the TO1 pin.
P6FR -1 xxxx ==
TRUN ¢« x x1x---1 Starts timer O counting.
Note : x;don’t care - ;no change
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Table 3.8 (3) PWM Cycle and Selection of 2" - 1 Counter

PWM cycle _
(@fc = 122.5MH2) PWM cycle (@fc = 16MHz
aT1 oT4 oT16 o1 oT4 aT16
261 40.318 1618 64518 31518 1268 50418
27 -1 81.218 32518 1.30ms 63.518 25418 1.01ms
281 163 65218 2.61ms 1278 5108 2.04ms

(6)  Table 3.8 (4) Shows the Settings for Each 8-bit Timer Mode

Table 3.8 (4) Setting Register for Each Timer Mode

Register TO1MOD (T23MOD) TFFCR
. T10M PWMO TOCLK FF11S
Bit Name (T23M) Pwmz) | TTCLK(TCLK) | (raci ) (FF3IS)
. ) Upper timer input lower timer reverse signal selection
Function Timer mode PWM cycle clock input clock of timer F/F
External, oT1, gT4,
16-bit timer mode 01 - - aT16, -
(01,10, 11)
External, gT1, o4, _ .
8-bit timer x 2ch oT16, 0: lower timer output

00 _ - (00, 01,10, 11) 1: upper timer output

External, oT1, 274,
8-bit PPG x 1ch 2716,

10 - - (00, 01,10, 11) -
6_4 o7_1 o8_ External, gT1, T4,

8-bit PWM x 1ch 1 2 (10'12101*1?) ! - aT16, -
L (00, 01, 10, 11)

8-bit timer x 1 ch 11 _ oT1, 8116, 41256, B Output

(01,10,11) disenable

(Note) —: Don’t care
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3.9 Serial Channels and input/output extension. Operation is the same for both
The TMP90CO051F has two built-in serial input channels (CHO ~ channels, so channel O will be used for explanatory purposes.
and CH1) for full-duplex asynchronous communication (UART) The serial channels have the following operation modes.

+ Input/output interface —— mode 0:Used to transmit and receive data
for input / output extension and to
transmit and receive the sync

signals (SCLK).
L Mode 1: 7-bit transmit/receive data length
- Asynchronous communication ] . )
(UART) modes Mode 2: 8-bit transmit/receive data length
Mode 3: 9-bit transmit/receive data length
A parity bit can be added in modes 1 and 2. Mode 3 has Figure 3.9 (1) shows the data format (1 frame) for each

a wake-up function with which the master controller starts the mode.
slave controller with a serial link (multi-controller system).

Mode 0 (input/output interface mode)

«— Direction of transfer

Mode 1 (7-bit UART mode)

e 0a000s
o Y O

Mode 2 (8-bit UART mode)

Poananonns
Pon 6 0000 0 me

Mode 3 (9-bit UART mode)

e O O
P 0 a0 06060 moTs

 —
Address (select code) ifbit8=1
Dataifbit8=0

Figure 3.9 (1). Data Formats

96/184 TOSHIBA CORPORATION



TMP90C051

The serial channels have buffer registers for the temporary
storage of transmit and receive data; therefore, transmitting
and receiving can be performed independently (full duplex).

In the input/output interface mode, however, the SCLK
(serial clock) pin is used for both transmitting and receiving, so
only half duplex operation is possible.

The receive buffer register has a double buffer construction
to prevent overflow errors and has a one frame margin until the
CPU reads the received data. That is, one buffer stores the
data already received and the other buffer receives the next
frame data.

In the UART mode, a check function has been added that
prevents the receive operation being started by mistake by the
start bit due to noise. The start bit is sampled three times and
the receive operation is started only when a normal start bit is
detected at least two times.

The INTTX interrupt is generated when the transmit buffer
is empty and a request for the next data to be sent is sent to

Note: TPCHKO outputs after a reset.

TMPOOCOSIE |
TMP90CO51F

the CPU. The INTRX interrupt is generated when data are
stored in the receive buffer and a read request is sent to the
CPU. The flags (SCCR <OERR, PERR, FERR>) are set when
an overrun error, parity error or framing error occurs during the
receive operation.

In the input/output interface mode, sync signal (SCLK)
input is also possible and data can be sent and received using
an external clock. (Note)

The serial channels have a dedicated built-in baud rate
generator. Any desired baud rate can be set by dividing by 2 - 16
4 clocks (2T0, T2, 218, @T32) from the prescaler (also used
for the 8-/16-bit timers).

Note: When transmitting and receiving using serial channel O
in the input/output interface mode with external clock
input, an external circuit and control are required for
the SCLKO pin. This circuit and control are shown
below.

Set SCLK as input pin
@ TPHMOD <SMODE > =0-1
2 SCCRO<IOCO> =0-—1

External
clock
1

SCLKO/TPHCKO

External baud

l SetportP36to0-1. '

rate generator [

Port (P36)

(Typical circuit)

clock can be supplied from
the external baud rate
generator.

END

(Typical control)

TOSHIBA CORPORATION
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3.9.1 Control Registers
All serial channels are controlled by 4 control registers

(SCMOD, SCCR, BRGCR and P2FR). Transmit and receive
data are stored to the SCBUF register.

7 ¢ 6 i 5 . 4 . 3 i 2 i 1 . 0
5{‘:2”0003;’ btsymbol | TBOB | CTSEQ . RXED . WUD . SMOT i SMOO . SCO1 : 5C00
Read/MWrite R/W
Resetting Value|naetermnne | 0 o ¢ 0 = 0 0 0 i 0

RE :00:

11O Interface ‘00

Transmit {0:DISABLE ‘1: RE T02TRG
Function Data 1:ENABLE : Receive | Wakeup EOI' UART 7Bit 01 BRG Mode
Bit8 © Enable | Enable :10: UART 8Bit H0: g1
: {11: UART9Bit a1 =
7 i 6 s [ 4 3 o2 i1 10
bit Symbol TB18 CTSEYT © RXE! @ WuU1 SM1T1 @ SMI10 : SC11 :© SCI10
Read/Write R/W
Resetting Value| ndetermnate - 0 0 : 0 0 0 0 : 0
Transmit 0:DISABLE i1 BE 100: 1O Interface 00: TO2TRG
Function Data 1:ENABLE | Receive : Wakeup :01: UART78it i01:  BRG Mode
Bit8 ! Enable © Enable (10: UARTBBit 10: 1
H 111: UART 9Bit 1 —

C Serial transfer clock

UART mode

/0 interface

00 | Timer 2 match
detect signal
01 |Baud rate

External clock or

baud rate
generator
0] Internal clock 41 | generator
11|Reserved
(cannot be used)
L Serial transfer mode
00 Input/output interface mode
o1 T T bit length
10 | UART mode 8-bitlength
11 Qbitlength

A —d

Wake-up function

—_— >

9-bit UART

Other modes

Q0 |interrupton receive
1 jInterruptonly

don’t care

when RB8 = 1.
Receive enable/disable
0 |Disable ...
1 |Enable
{CTS pin) function enable/disable
0 |Disable(
1 |Enable

Transmit data bit 8

Figure 3.9 (2). Serial Channel Mode Register (SCMODO0/1)
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7 6 s ¢ o4 . 3 i o2 1 1 I 0
SCCRO | 41 5ymbol RBO8 : EVENO: PEQ OERRQ | PERRQ : FERRQ :SCLKCO @ 10C0
(FFOTHM o gmne | R R/W  iR(cleared to0 by reading) : R/W
Resetting Value| ingrterminate 0 - 0 0 -0 :Q 20 L0
Recewe Parity  1:Parity 1 Error G 0: SCLKO0: SCLKO
Function Data 0 Odd Enable {0 party © framing & 4 ) | output
Bit8 1 EVEN : : t1r SCLKO:1: SCLKO
: i ) 1 input
7 6 5 4 3 12 11 0
SCCR1 bit Symbaol RB18 EVENT: PE1 [ QERR1 | PERR1 : FERR1 (SCLKC1 | 10CI
(FFDSH) | readmwrite R R/W . R{cleared to 0 by reading) : RIW
Resetting Vailue| indmarminate | 0 0 0 P0 L0 0 S0
Receve Panty  il:Panty | Error . i0e SCLK1Ig:SCLK1
Function Data 0: Odd Enable | qooin Parity : Framing fd ) i output
Bit8  1: EVEN : : : (1o SCLKY: 1 SCLKY
Hi ) ¢ input

J_J

SCLK input/output select

0 |SCLK output operation

1' SCLK input operation

Edge select during SCLK input
operation

0 [Datatransmit/receive at SCLK

Parity enable/disable

rise edge (£ ).
1 | Data transmit/receive at SCLK
fall edge (v_ ).
L, Framing error flag Cleared to
L— Parity error flag "0" when
Overrun error flag read.

| 0
1

Disable
Enable

Odd/even parity check

0 |Odd parity
1 |Even parity

Receive data bit 8

Figure 3.9 (3). Serial Channel Mode Register (SCCR0/1)
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(For transmitting)

(Channel 0)

(For receiving)

(For transmitting)

(Channel 1)

7 6 5 4 3 2 1 0
T807 | TBOG : TBOS  TBO4 | TBO3  TBO2 : TBOT TBOO
SCBUFD ' ' ' '
(FFD2H) 7 , [ 5 : 4 3 : 2 ‘ 1 . 0
RBO7 : RBO6 : RBOS : RBO4 | RBO3 :RBO2 - RBO1 | RBOO
7 6 5 4 3 2 1 0
TB17  TB16 | TB15 : TB14 TB13 TB12 TB11 TB10
SCBUF1 ' ' '
RB17 RB16: RB15 RB14 RB13 RB12 RB11 RB10

(For receiving)

Figure 3.9 (4). Serial Transmit/Receive Buffer Register (SCBUF0/1)

T~ 6 5 ¢ 4 3 2 0
BRGCRO | bitsymbol - BGO1 : BGOO : PS03 . PSO2 : PSO1 PSO00
(FFD3H) Read/\Write ~ . R/w
Resetting Value, - 0 0 0 L0 0 0
00 : fua
Functiom 01: fe/16 Prescaler divide value
10 : fc/6d
11 : fe/256
6 5 4 3 05 2 1 o0
BRGCRT | bt symbol - | BG11 : BGIO PS13 . PS12 : PSI1_: PS1O0
(FFD7H) Read/Wwrite - ; RIW
Resetting Value - 0 0 0 0 0 0
00 : fua
Function 01 : f/16 Prescaler divide value
10 : fu6a
11 /256

J

L:B:ud rate generator divide

value setting

10000
0010
§

W(‘]GDO
0001 cannot be set.

Divide _by _1 6
‘Divide by 2

§
Divide by 16

Baud rate generator input
clock select

01internal clock 472 (f/16)
10| Internal clock ¢T8 (fc/64)

00 | Internal clock ¢T0 (fc/4)

11 |Internal clock ¢732(fc/256)

Figure 3.9 (5). Baud Rate Generator Control Register (BRGCRO0/1)
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P2FR bit Symbaol

(FFDFH)

Function

7 . 6 . 5 4 - 3 i 2 1 1 i 90
SCLKC1 | SCLKCO® ODE1 : ODEQ  WAITCT iWAITCO & — rueam-r
ReadWrte RIW - i R/w
Resetting Valug] 0 ;0 . 0 o0 0 i 0 - o
: Wait control ; EWH[@"W“

SCLRT control (3CUFD contiol | TXD1 control | TXDO control |

0:SCLK1  10:SCLKO  :0:CMOS
nput nput’  input
1:SCLKT 1 SCLKD

output

£0:CMOS

‘1:apen
output

‘1:open
drain drain
output |

L ooutput !

output

00: 2state Wait
01: normal Wait
10" non Wait

11: reserved

[ Explained in "3.1.3 Wait control”

L———— TXDO CMOS/open-drain output setting

0 | CMOS output

1 |Opendrain output

TXD1 CMOS/open-drain output setting

0 | CMOS output

1 {Opendrain output

SCLKO setting
0 |SCLKO input
SCLKO output

SCLK1 pin setting
SCLK1 input
SCLK1 output

o

ey

Figure 3.9 (6). Port 2 Function Register (P2FR)
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3.9.2 Configuration

Figure 3.9 (7) shows the serial channel (channel 0) block dia-

--- Serial clock generation circuit

BRGCRO<BG00,01>

TO2TRG(timer 2 comparator output)

gram.

Channels 0 and 1 have the same circuit configuration.

1
1
|
i
1
! N N - !

LeTo () L] 5 Eaa S 2 | siocLK
' - w ' o o '
1¢T2 (fu16) 4| o ° | @ M T
LeT8 (fU6a) el 2 > [ < | uart < :
| $T32 (fc/256) -‘.-,- - o ; v mode w ;
i ' i i
: : : tt :
1 s~ Baudrate .---2\ | 5cpigpg SCMODO !
i 41 generator <5C00,01> <SMO00,01> 1

‘
- :
f ek s
, o i
: g H
SCLKO INPUT 2 | Input/output J}
S - ¥ |interfacemode 1
SCCRO<IOCO>
SCLKO OUTPUT

SCMODO<RXEQ> — Receive

RTS0 e

Receive counter

(+16)

RXDCLK 4

INTRXO INTTXO

bt

Serial channel
—=| interrupt
control

Pl

SCMODOo
<WUo>

Transmit counter

control

SCCRO  SCCRO
<EO0> <EVENO>

Receive buffer 1

Parity control

RxDO T (shift register)

(+16)
TXDCLK § 4
Transmit
control ‘_OC]:_ CTSO
4
SCMODO
<CTSEO>

[RBOB Receive buffer (SCBUFOQ) H Error flag ]

[ TBO8 {Transmit buffer

}—- TxDO

11

I CCRO|
< OERRO, PERRO, FERRO >

10

Internal bus

Figure 3.9 (7). Serial Channel (Channel 0) Block Diagram
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O Baud rate generator

The baud rate generator is a circuit that generates the
transmit/receive clocks that determine the transfer
speed of the serial channels.

aT10 (fc/4), oT2 (fc/16), T8 (fc/64) and o132 (fc/256)
from the 9-bit prescaler also used as a timer are used
as the baud rate generator input clocks. The input
clocks are selected by setting bits 5 and 4 (BG1, 0) of
the baud rate generator control register BRGCR.

The baud rate generator has a built-in 4-bit divider.
This divider determines the transfer speed by dividing
by 2 ~16.

Next is the method used to calculate the baud rate
when the baud rate generator is used.

The relationship to the input clock fundamental clock
(fc) is as follows.

oT0 =fc/4
oT2 =fc/16
o8 =fc/64

oT32= fc/256

Consequently, with a fundamental clock of fc =
12.288MHz, input clock gT2 (fc/16), and divider value
of 5, the UART mode baud rate is as follows.

Baud Rate = +~ 16

* UART mode = 12.288 x 106 = 16 = 5 + 16 = 9600 (bps)
baud rate generator input clock

Baud Rate = + 16
baud rate generator divide value

Table 3.9 (1) shows a typical UART mode baud rate.

The serial channel baud rate can also be determined
using the 8-hit timer 2. Table 3.9 (2) shows a typical baud rate

* Input/output interface mode determined using timer 2

baud rate generator input clock

Baud Rate = + 92
baud rate generator divide value

Table 3.9 (1) Baud Rate Selection (1) (Using the Baud Rate Generator) Unit: Kbps

e Input clock aT0 oT2 aT8 6732
Divide value (fe/4) (fe/16) (fe/64) (fe/256)
9.8304MHz - 2457.6 614.4 153.6 384
- 2 76.8 19.2 48 1.2
- 4 38.4 9.6 2.4 0.6
- 8 19.2 48 12 0.3
- 16 9.6 2.4 0.6 0.15
12.288MHz 3072.0 786.0 192.0 48.0
- 5 384 9.6 2.4 0.6
- 10 19.2 48 1.2 0.3
14.7456MHz - 3686.4 921.6 2304 57.6
- 3 76.8 19.2 48 1.2
- 6 384 9.6 2.4 0.6
- 12 19.2 48 1.2 0.3
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Baud rate calculation method (using timer 2)

Table 3.9 (2) Baud Rate Selection (2) (Using Timer: Input CLK gT1) Unit: Kbps

fo 12.288 12 9.8304 8 6.144
TREG2 MHz MHz MHz MHz MHz
1H 96 - 76.8 62.5 48
2H 48 - 38.4 31.25 24
3H 32 31.25 - - 16
4H 24 - 19.2 - 12
5H 19.2 - - - 9.6
8H 12 - 9.6 - 6
AH 9.6 - - - 48
10H 6 N 48 - 3
14H 48 - - - 2.4

0O Receive counter

L % timer2 (Input CLK)

. . _ 1
Transmit/receive Rate = TREG? X 16

Input CLK of timer 2
oT1 =1c/8
T4 =1c/32
oT16 =fc/128

0 Serial clock generation circuit

This circuit generates the basic transmit/receive clock.

1) Input/output interface mode

In the SCCRO <IOC0> = “1” SCLKO output mode, the
output from the baud rate generator as described
above is divided by 2 to make the basic clock.

In the SCCRO <IOCO> = “1” SCLKO input mode,
either the rise or fall edge, as set with the SCCRO
<SCLKO> register, is detected to make the basic
clock.

2) Asynchronous communication (UART) mode

Either the baud rate generator clock described above,
the internal clock 1 (312.5k-baud @ 10MHz), or the
match detect signal from timer 2 is selected, as determined
by the SCMOD <SCO01, 00> register settings, to make
the basic clock (SIOCLK).

The receive counter is a 4-bit binary counter used in
the asynchronous communication (UART) mode and
is counted up by SIOCLK. 16 SIOCLK clocks are
used to receive 1 bit of data and the data are sampled
at the 7th, 8th and 9th clocks.

The receive data are identified by majority logic by
sampling 3 times. For example, if the data 1, 0, 1 are
sampled by the 7th, 8th and 9th clocks, the data is
identified as “1”. If the values 0, 0, 1 are sampled, the
data is identified as “O”.

0 Receive control block
1) Input/output interface mode

In the SCCRO <IOCO0> = “0” SCLKO output mode, the
RxDO pin is sampled at the rise of the shift clock output to
the SCLKO pin.

In the SCCRO <IOCO> = “1” SCLKO input mode, the
RxDO pin is sampled at the rise/fall of the SCLKO input
in accordance with the setting of the SCCRO <IOCO>
register.

2) Asynchronous communication (UART) mode

The receive control block has a start bit detection circuit
that used majority logic. If “O” is detected twice or
more by sampling three times, the start bit is judged to
be correct and receiving starts.

Receive data are identified by majority logic even while
receiving data.
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O Receive buffers

The receive buffers have a redundant construction to
prevent overruns. Receive data are stored 1 bit at a
time to receive buffer 1 (shift register type). When 7 or
8 bits of data have been stored, the are shifted to the
other receive buffer (SCBUFO) and interrupt INTRX is
generated. The CPU reads receive buffer 2 (SCBUFOQ).
The next receive data can be stored to receive buffer 1
even before the CPU reads receive buffer 2 (SCBUFO).
However an overrun error will occur unless receive
buffer 2 (SCBUFO) is read before all bits of the next
data have been received by receive buffer 1. If an overrun
error occurs, the contents of receive buffer 2 and
RBO08 are held but the contents of receive buffer 1 are
lost.

In the case of 8-bit UART with parity, the parity bit is
stored to SCCRO7 (RBO8). In the case of 9-bit UART,
the uppermost bit is stored to SCCRO <RB08>.

In the case of 9-bit UART, wake-up operation of the
slave controller can be enabled by setting SCMODO
<WUO> to “1”. After that, interrupt INTRX will be gener-
ated only when RB08 = 1.

0O Transmit counter

The transmit counter is a 4-bit binary counter used in
the asynchronous communication (UART) mode and,
like the receive counter, is counted up by SIOCLK. The
transmit clock TXDCLK is generated every 16 clocks.

ST | N | A

15 16 1 2 3 4 5

9 10 11 12 13 14 15 16 1 2

TXDCLK ;
L

O Transmit control block
1) Input/output interface mode

In the SCCRO <IOC0O> = “0” SCLKO output mode, the
transmit buffer data are output to the TxDO pin one bit
at a time at the rise of the shift clock output to the
SCLKO pin.

In the SCCRO <IOCO> = “1” SCLKO input mode, the
transmit buffer data are output to the TxDO pin one bit
at a time at the rise/fall of the SCLKO input in accordance
with the setting of the SCCR01(SCLKO) register.

2) Asynchronous communication (UART) mode

When the CPU writes transmit data to the transmit
buffer, transmitting starts from the next TxDCLK rise
edge to make the transmit shift clock TxDSFT.

LI

Hand-shake function

The TMP90CO051F supports a hand-shake function by
the connection of CTSO and RTSO of the other
TMPOOCO51F.

The hand-shake function allows receiving/transmitting
data on a frame basis to prevent overrun errors. This
function is enabled or disabled by the control register
SCMODO <CTSEO>.

When the last bit (parity bit or MSB) of 1-frame data is
received by the receiving unit, the RTS0 pin turns to
the “H” level to request the transmission unit to halt
transmission.

When the CTSO0 pin turned to the “H” level, the trans-
mission unit halts transmission, after completing the
current data transmission, until the pin turns to the “L”
level. At this time, the interrupt INTTX is generated, to
request the CPU to transfer data. Then the data is writ-
ten into the transmission buffer, and the transmission
unit is placed in the standby until the CTSO pin turned
to the “L” level.

When the received data are read by the CPU, the
RTSO0 pin returns to the “L” level, requesting that the
transmission is restarted.
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TMP90CO51F TMP90CO51F
—_—

TxDO RxDO

TS0 RTSO

Transmission unit Receiving unit

Figure 3.9 (8). Hand-shake Function

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1 2

RxDo}( End Bit I > stop bit

Sampling
Timing

IRFRX0

RTSO

Note: In case of 8-bit asynchronous communication (UART), the last bit is the bit 7 in
the non-parity mode, and the parity bit in the parity-added mode.

Figure 3.9 (9). Timing Chart of RTS (request to send) Signal

Data write I l . (

timing
Stopped \ I
Crs0 Transmission
a 13 14 15 16 1 2 3 14 15 16 1 2 3
SIOCLK _5;_"_"_"_"_"_]]_”_“_”_"_"_“_"_”_
TxDCLK —if I 4 I
—i ,
TxDO \start bit A bit0

Note: 1) A Rise of the CTSO signal during the data transmission halts the transmission of the next data after the current data transmission.
2) The transmisison is restarted from the first fall of TXDCLK after a fall of the CTSO signal.

Figure 3.9 (10). Hand-shake by CTS (clear to send) Signal
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O Transmission buffer

The transmission buffer SCBUF shifts out the data
written by the CPU from the LSB as based on the shift
clock TXDSFT (same period as TXDCLK) generated by
the transmission control unit. When all bits are shifted
out, the transmission buffer becomes empty, generating
the interrupt INTTX.

O Parity control circuit

Setting the serial channel control register SCCR <PE>
to “1” allows the addition of a parity bit in transmitting/
receiving data, only in the 7-bit UART or 8-bit UART
mode. Either even or odd parity can be selected by the
SCCR <EVEN> register.

In the transmission mode, the parity is automatically
generated as based on the data written into the trans-
mission buffer SCBUF, storing into the SCBUF <TB7>
in the 7-bit UART mode or into <TB8> in the 8-bit
UART mode for transmission. <PE>and <EVEN>
should be designated before writing data into the
transmission buffer.

In the receiving mode, the receiving data is shifted into
the receiving buffer 1 and transferred to the receiving
buffer 2 (SUBUF). The parity is generated from the
data in the receiving buffer 2. A parity error is detected
and the SCCR <PERR> flag is set if the parity status
mismatches the SCBUF <RB7> in the 7-bit UART
mode or <RB8> in the 8-bit UART mode.

O Error flag

There error flags are prepared to increase the reliability
of received data.

1) Overrun error (SCCRO <OERRO>)

Overrun error occurs if all the bits of the next data are
received by the receiving buffer 1 while valid data are
still stored in the receiving buffer 2 (SCBUF).

2) Parity error (SCCRO <PERRO>)

The parity generated from the data that is transferred

to the receiving buffer 2 (SCBUFO) is compared with
the parity bit received from the RxD terminal. Parity
error occurs if they are not equal.

3) Framing error (SCCRO <FERRO>)

The stop bit of received data is sampled three times
around the center. If a majority results in zero, framing
error occurs.

I»Generation Timing

1) UART mode

Receiving
. . . Bit, 7 Bit + Pari
Mode 9 Bit 8 Bit + Parity | 3 Bt 7 Bit + Parily,
7 Bit
Interrupt timing (CE;?tg)r oflast bt ?F?;E?yr gfnl)ast bit Center of Stop bit
F_rammg error Center of stop bit | Center of stop bit 1
timing
. - Center of last bit | Center of last bit
Parity error timing (Bit8) (Parity Bit) 1
Qver-run error Center of last bit | Center of last bit :
timing (Bit 8) (Parity Bit)
Note: The occurrence of a framing error is delayed until after interruption.

Therefore, to check for framing error during interrupt operation, an addition
operation, such as waiting for 1 bit time, becomes necessary.

Transmitting

Mode

9-hit

8-bit + Parity

8-bit, 7-bit + Parity,
7-bit

Interrupt timing

Just before the
stop bit

2) I/O interface mode

Receiving

Interrupt timing of receiving

Just after the last SCLK rising

4L

Interrupt timing of transmitting
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3.9.3 Operation This mode has an SCLKO output mode in which the
sync clock (SCLKO) is output and an SCLKO input
(1) Mode O (input/output interface mode) mode in which an external. Sync clock (SCLKO) is
input.
: . . This mode has an SCLKO output mode in which the
This mode is used to increase the number of ) .
TMP90CO051F input/output pins. This is done by using sync clock (SCLKO) is output andS SCLKQ input mode
externally connected shift registers to transmit and in which an external sync clock (SCLKO) is input.

receive data.

¢ Typical SCLKO output mode connection

Output Input
extension extension

TMP9O0CD51F Shift A| — | TMPS0CO51F Shift Al —
register g| — register Bl =
TxDO S| c| — RxDO |=—— QH C| =—
D — D| =
SCLKO SCK E| — SCLKO CLOCK E| =—
F| — F| =—
Port RCK G| — Port0 S/L G| =—
H| — H| =-—

TC74HC595, etc. TC74HC165, etc.

*SCLKO input mode connection
Output Input
extension extension

F Shift A| — | TMPY0CO51F shift Al =—
TMPS0CO51 register 8| — register B| -—
TxDO =[Sl c| — RxDO QH C| -
D| — D| =~
SCLKO SCK E| — SCLKO CLOCK E| =—
F| — Fl =
Port RCK G| — Port S/L G| =
H| — H| =—

TC74HC5S95, etc. TC74HC165, etc.

External clock External clock —

Figure 3.9 (11). Input/Output Interface Mode
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O Transmitting

In the SCLKO output mode, each time the CPU writes
data to the transmit buffer, 8 bits of data are output to

Transmit data H\

the TxDO pin and the sync clock is output from the
SCLKO pin.

When all of the data have been output, IRF2 <IRFTX0>
is set and interrupt INTTXO is generated.

write timing

e
1)}

SCLKO output

<
= S v Y s TP wa B wan Y

TxDO X_bito X bit1_X @ bit 6 bit7 X
TxDSFTO L LJ n ﬂ

IRFTX0

(e I
L

(INTTXO0 interrupt flag)

Figure 3.9 (12). Input/Output Interface Mode Transmit Operation (SCLKO Output Mode)

In the SCLKO input mode, 8 bits of data are output
from the TxDO pin when SCLKO input is active while
data are being written by the CPU to the transmit

buffer.

When all of the data have been output, IRF2 <IRFTX0>
is set and interrupt INTTXO is generated.

Ravk 2 SOV e S S W PV N S W
I
SCLKO input Yy _ v Yy my T v
(SCLKCO =1 : rise mode)
TxDO > bito X bitd )(SS bits X bite X bit7 X
TxDSFTO n n__\:, ﬂ n

—

IRFTX0 §

(
T

Figure 3.9 (13). Input/Output Interface Mode Transmit Operation (SCLKO Input Mode)
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O Receiving data and the receive interrupt flag IRFRXO is cleared.
When 8 bits of data have been received, they are

In the SCLKO output mode, the sync clock is output shifted to receive buffer 2 (SCBUFO), IRF2 <IRFRX0>

from the SCLKO pin and the next data are shifted into is again set and interrupt INTTXO is generated.

receive buffer 1 each time the CPU reads the receive

RN . N
;\Rl\f?;.()( interrupt flag) — \
SCLKO output \—/’+—* l——* l—ﬂ\—* ]——-A L&
RxDO bit0 Y bit1 X bit2\§>( bite X bit7_
Shift to receive rl

buffer 2 timing

Figure 3.9 (14). Input/Output Interface Mode Receive Operation (SCLKO Output Mode)

In the SCLKO input mode, the next data are shifted received, they are shifted to receive buffer 2
into receive buffer 1 when SCKLO input is active while (SCBUFO0), IRFRXO0 is again set and interrupt INTRXO is
the CPU is reading receive data and the receive interrupt generated.

flag IRFRXO is cleared. When 8 bits of data have been

(SEéFKOCISguDl: rise mode) l_A I‘_A L“J L—A L‘“—*
SCLKO input I l i _I_“—_Y_l_*__l l_.,_—
(SCLKCO = 1 : fall mode)

RxDO bit 0 X ot X itz (X bite X bit7 Y

Shift to receive I-I

buffer 2 iming

Figure 3.9 (15). Input/Output Interface Mode Receive Operation (SCLKO Input Mode)

It is necessary to enable receiving (SCMOD <RXEO> = 1) before receiving data.
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Mode 1 (7-Bit UART Mode)

The 7-bit UART mode is entered by setting serial channel
mode register SCMODO <SMO01, 00> to 01.

In this mode, a parity bit can be added. The parity bit is
enabled and disabled with serial channel control register
SCCRO <PEO>. <PEO> = 1 enables parity; <PE> =0

disables parity; and even or odd parity is selected
SCCRO <EVENO>.

Setting example: The control register settings for
transmitting data in the following
format.

D &1 £3 €3 £ € £ G2

~«——— Direction of transfer (transfer speed: 2400bps @fc = 12.2884MHz)

76543210
SCMODO « X 0 - X 0101
SCCRO « X 1 1 X X X X X
BRGCRO « 0 X 1 0 0 10 1
TRUN «XX1-X---
INTEZ « - --1--- -
SCBUFO**#“*#**
Note: X; don’t care -; nochange

Sets CMQ to 7-bit UART mode.

Sets even parity.

Sets 2400 bps.

Starts the prescaler for use by the baud rate generator.

Enables INTTXO interrupt.
Loads the transmit data.
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(3)

Mode 2 (8-Bit UART Mode)

The 8-bit UART mode is entered by setting serial channel
mode register SCMODO <SMO01, 00> to 10. In this
mode, a parity bit can be added. The parity bit is
enabled and disabled with serial channel control register
SCCRO <PEO>. <PEO> = 1 enables parity; PE = 0 dis-

ables parity; and even or odd parity is selected with
SCCRO <EVENO>.

Setting example: The control register settings for
receiving data in the following for-
mat

Proa00000:5

-<——— Direction of transfer (transfer speed: 9600 baud @ fc = 12.288MHz)

~N
-
o

Main settings 76543

SCMODO « - 0 1 X
SCCRO « X
BRGCRO « 0 X 0 1
TRUN  « X

o x o
>

><
-
>

|

1

|

]

1 Setschannel 0to the 8-bit UART mode and enables receiving.
Sets odd parity.

1 Sets 9600 bps

Starts the prescaler for use by the baud rate generator.

INTE2Z « -1 - - - - - - Enables INTRX1 interrupt.

Typical processing with INTRX

Acc ¢ SCCRO AND 00011100 Performs error check.

if Acc # 0 then error
Acc  « SCBUFO

Note : X;don’t care -;no change

Reads receive data.
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Mode 3 (9-Bit UART Mode)

The 9-bit UART mode is entered by setting serial channel
mode register SCMODO <SM01, 00> to 11. In this
mode, a parity bit cannot be added.

The uppermost (9th) bit is written to SCMODO <TB08>
when transmitting and is stored to SCCRO <RB08>
when receiving. Always start with the uppermost bit
and proceed toward SCBUFO when reading or writing
the buffer.

Wake-up function

In the 9-bit UART mode, slave controller wake-up
operation is enabled by setting SCMODO <WUO> to
“17. Interrupt INTRXO is generated when SCCRO
<RB08> =1.

TxDO RxDO

Master

Slave 1

TxDO

Slave 2

RxDO TxDO RxDO

Slave 3

TMPI0CO51F TMP90QCO051F

Caution:

TMP90CQO51F

TMP90CQO51F

Always set the TxDO pin of the slave controller to the open drainoutput mode

Figure 3.9 (16). Serial Link Using the Wake-up Function
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Protocol

O Set the master and slave controller to the 9-bit
UART mode.

time, the uppermost bit <TB08> is cleared to “0”.

000000 0%

0 Set the SCMODO <WUO> bit of a slave controller to
“1” to enable receiving.

O The master controller transmits 1 frame, including
the select code (8 bits) of the slave controller. The
uppermost bit SCMODO <TB08> is set to “1” at this
time.

ﬂ..ﬂﬂﬂ.ﬂ

Slave controller select code

0 The slave controller receives the frames and, if its
own select code matches the received data, clears
the <WUO> bit to “0”.

00 The master controller transmits data to the specified
slave controller (with <WUO> cleared to “0”). At this

Data 0

O Even with <WUO> set to “17”, the slave controller will
neither generate interrupt INTRXO nor read receive
data as long as <RB08>is cleared to “0”.

When both <WUO> and <RB08> are set to “1”, the
slave controller will always generate interrupt
INTRXO and read the receive data.

Then, when <WUO> is cleared to “0”, this is
reported to the master controller to inform it that
receiving has ended.

Setting example:  Serially linking two slave control-
lers using internal clock @1 as
the transfer clock at using chO.

TxD1 RxD1 TxD1 RxD1 TxD1 RxD1
Master Slave 1 Slave 2
Select code Select code
00000001 00001010

114/184
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* Master controller setting

Main INTEZ « 1 -1--- - - Enables INTRX1 and INTTX1.
SCMODL « 10101110 Sets 9-bit UART mode transfer clock to ¢1.
SCBUF1 « 00000001 Sets the slave 1 select code.

INTTX1 SCMOD1 « 0 - - - - - - - Sets SCMOD1<TB18> to "0".

interrupt | SCBUF1 « * » * * * * x * Loads the transmit data.

*Slave 2 setting

Main INTE2Z « 1 -1- - - - - Enables INTRX0 and INTTXO.
I
SCMODL « 00111110 Sets <WU1> to "1" with the 9-bit UART mode transfer
clock 41 (fc/2).

!NTRX Acc < SCBUFO
INterrupt | ¢ pcc = select code
then SCMODO « - - - 0 - - - -  <WU1>isclearedto 0

Note : X;don’t care - ;no change
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3.10 TPH Serial Interface

When copying or storing receive data, the TPH (Thermal
Printer Head) serial interface converts the parallel data from
MPU and DMA to serial data and transmits it to the TPH driver.
The TPH serial interface uses SIO channel O.

Thus, SIO channel O has independent control registers for

the serial interface mode, UART mode and input/output inter-
face mode. Any of these three can be selected by program.

The TPH serial interface mode is in effect after a reset.

3.10.1 Features

(1)

Three transmit modes can be selected. An interrupt is
generated after the specified number of bytes has
been sent.

e A4 mode (1728 bits): 216 bytes are sent
e B4 mode (2048 bits): 256 bytes are sent
e A3 mode (2592 bits): 324 bytes are sent

Either an internal or external can be selected as the
transmit clock.

¢ |n the internal clock mode, fxtal 1/4, 1/8, 1/32, 1/
128 baud rates can be selected. (@ fxtal =
12.5MHz: 3.125MHz/bit sent at 1/4 rate.)

¢ |n the external clock mode, an external 4MHz
(max.) input clock can be used.

TPH driver and interface pins

e TPHCKO :transmit clock output pin

e TPHSD :transmit data output pin

e TPHLAT :latch output pin

o | ATWAIT :TPHLAT output wait control
input pin

e TPHCK1 :external clock input pin

These pins are multiplexed internally to function as
TXDO, RXDO, RTSO, CTSO and SCLKO when the
input/output interface issued in the UART mode.

For details, see 3.10.3 (6) Operation (pin multiplexing).
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3.10.2 Control Registers

(1) Transmit Data Write Register

7 6 5 4 3 : 2 1 0
TPHBUF ; - : - : -
(FFE9H) bit Symbol D7 D6 . DS : D4 : D3 [ D2 D1 ;DO
Read Write W
Resetting Valud 1 1 1 1 1 1 1
(2)  TPH Control Register
7 6 s L4 3 o2 11 a
TPHMOD | bisymbol | Lackwait: SMODE © TPHCK © BRI BRO : TRM1! : TRMO  riegaio-
(FFEAH) Read/Write W
Resetting Valuel 0 0 0 0 ; 0 0 0 : 0
WAIT for  '0:TPH  :TPHoutput; Transferrate iTranster mode iwrite *0"
TPHLAT mode itransfer 00: fc/4 {001 216 byte count
Function output 1: narmal <otk : 01:fc/8 : (Ad-size):
0: release serial  0:internal 10: fe/32 :01: 256 byte count
of WAIT © mode 1@ external 11:cr128 : (B4-size) !
1:holdof : £10:324 byte(our;l :
WAIT : : (A3-size):
\ / \ /

.

00 | 216 bytes (A4)
01 | 256 bytes (B4)

10 | 324bytes  (A3)

00 | 1/4 of fxtal
01 | 1/8 of fxtal

10 | 1320ffxtal

1 -1-.’1"?:8. Offxtal

0 [Internal clock mode

1 |External clock mode

TPH mode
UART, input/output interface mode
The UART and input/output interface modes

are set with the serial interface control register
ofSI0 channel 0.

0

1

Release of WAIT for TPHLAT output.

HAlAd ~f\MAIT fAr TOHT AT Attt

Note: also TMP90C51F can control the wait of TPHLAT output by external pin (LATWAIT).
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(8)  TPH Serial Control Register

76 L4 3 2 1o
TPHSCR | bitSymbol SCR7 : SCRé © SCR4 | SCR3 | SCR2 | SCR1 : EXINT
(FFEBH) Read/Write W
Resetting Value 0 0 : 0 10 0 0
%D.mtsma\
, Shiftregister area 1 interrupt
Function The TPH shift register is cleared by writing “1” to SXR7~SCR1  mode
?\‘.externa\
i onterrupt
* mode

(@) The TPH shift register (TPH BUF; Byte Counter) can
be cleared by writing “1” to D7 ~ D1. When TPH
serial interface transmitting has been stopped on
the way, this command must be written again
before writing the next transmit data.

(Note) Write data “1” to <SCR7 ~ 1> before the user
uses firstly TPH serial I/F.

(b) Interrupt generate mode

The <EXINT> bit is set to “O” after a reset.

The <EXINT> bit is used to select the internal interrupt
generation mode (transmit interrupts [INTTXO] are gener-
ated only internally) or the external interrupt generation
mode (started by the AND of the start signal from INT3
and the internal transmit interrupt enable status).

<EXINT> = 0: internal interrupt generation mode
<EXINT> = 1: external interrupt generation mode.
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3.10.3 Operation

(1)

Clock Selector

¢ In the internal clock mode, it is possible to output the
transmit clock from TPHCKO and select a clock rate
of @T0 (fc/4), @T1 (fc/8), T4 (fc/32), T16 (fc/128) from
the internal 9 bit prescaler (Timer Common use) (@
x'tal 12.5MHz: max. 3.125MHz/bit transfer at the 1/4
rate).

¢ |In the external clock mode, the clock input from
TPHCK1 is used for transmit operations (max. 4.0MHz/
bit). If a user uses the internal clock mode, operate the
prescaler.

Byte Counter

Bits TPHMOD <TRM1, 0> (Mode = 0) of the control
register (#FFEAH) are used to specify the number of
bytes to be transferred. The byte counter is reset to “0”
after one line has been transmitted.

TPHLAT Output

TPHLAT is set to “Low” active when the byte counter
has counted the number of bytes in one line.

LATWAIT Input

Wait control by software or from the external pin

(LATWAIT) can be used to wait for the TPHLAT output.

Waits are applied by keeping LATWAIT at low active
from the TPHCKO fall that transmits the last bit of the
last byte of the transmits data to the next TPHCKO
rise.

Interrupt Generation

INTTXO: Generate at the trigger of the buffer empty
after TPH I/F transfer the 1 byte data

INTLINE: Generate at the trigger of 1 line data end with
TPHLAT output

Interrupt generation is enabled and disabled by setting
the INTE 1/2 register at address #FFCD/FFCEH. Interrupt
generation is disabled after a reset.

Table 3.10 (1) shows the interrupt generation sources
for SIO channel 0. Set SIO channel O interrupts as
shown below in accordance with the mode setting
(operating mode).

a) TPH Serial Interface Mode

Set the mode bit of TPHMOD <SMODE> to “0”.
When controlling the writing of transmit data to the
TPH serial interface from external pin INT3, set the
TPHSCR <EXINT> to “1”. In this case, transmit inter-
rupts are generated in accordance with the AND logic
of the internal transmit shift register status and external
pin INT3 status.

When the TPHSCR <EXINT>is set to “0”, transmit interrupts
are generated in accordance with the internal transmit
register status only.

Table 3.10 (1) Serial Channel 0 Interrupt Generation

Sources
Serial channel 0 UART, Input/Output TPH mode
mode interface mode
Start
External | Internal | External Internal
Interrupt source
INTTX - INTTX INTTX®INT3 INTTX
INTRX - INTRX - -
INTLINE - - INTLINE

UART, I/O Interface Mode

Set the TPHMOD <SMODE>to “1” and the

TPHSCR <EXINT> to “0”. Figure 3.10 (1) shows the
SIO channel O interrupt generation circuit.
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—

TPHMOD <SMODE >

TPHSCR< EXINT > D‘}_,—J—)t

4!>OJJ_) Do
| R
o
°
c
INTTXO0 ) c
{ > INTTX »
TPH serial o
E)
interface mode -
I ! INT3 bt
N c
L o
® UART mode INTLINE| +
® Input/output INTRXO INTRxO
interface mode

Figure 3.10 (1). SIO Channel 0 Interrupt Generation Circuit
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6) Pin Multiplexing channel O pins.

Table 3.10 (2) shows the multiplexing of the serial

Table 3.10 (2) Pin multiplexing

After reset and in TPH serial

interface mode UART mode

Pin name Pin no. TPHMOD TPHMOD
Function (I)I:l'l):ltlll Function | Input/output
<SMODE> <SMODE>
RXDO/LATWAIT 30 TATWAIT Input RxDO Input
TxDO/TPHSD 31 TPHSD Output TxDO Output
SCLKO/TPHCKO 32 0 TPHCKO Output 1 SCLKO Input/Output
RTSO/TPHCKI 33 TPHCKI Input RTSO Output
CTSO/TPHLAT 34 TPHLAT Output TTS0 Input

Input/output interface mode (1)

Pin name Pin no. TPHMOD
Function Input/output
<SMODE>
RxDO/LATWAIT 30 RxDO Input
TxDO/TPHSD 31 TxDO Output
Input...in external clock mode

SCLKO/TPHCKO 82 1 SCLKO Output...when using the internal baud rate generator
RTSO/TPHCKI 33 RTSO Output

CTSO/TPHLAT 34 CTSO0 Input
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3.10.4 Transmit Operation Timing (1)  Send Format Example 1
Typical transmit operations using the TPH serial interface are
shown below. : A4 mode transmitting using an internal clock and

external LATWAIT insertion.

lJ
TPHCKO | | | I 1 I

- 005000 e 0o

TPHLAT /-s-
LATWAIT iSampHngtime
*  Waits are applied by keeping LATWAIT at low active from the fall of
< TPHCKO that transmits the last bit of the last byte of the transmit data to )
the next TPHCK rise.)
(2)  Send Format Example 2 : B4 mode transmitting using an external clock.
TPHCKI

- D000 000
TPHCKQ | | I [ | | | | ] I ! ’ I ( (
TPHLAT | |
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(8)  Send Format Example 3

Write of send
data timing
TPHCKO %I]l | |I||I|l

- DHO0000E

IRFTX0 I

(4)  Send Format Example 4

TPHCKO ! v
TPHLAT I ' [\‘

IRF LINE I
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3.10.5 Typical TPH Driver Connections

(1) Using an External Clock

TPH driver TMP90CO51F
Sl TPHSD
LAT TPHLAT
CK TPHCKO
,———> TPHCKI
T tarwarr
Clock
generation circuit

(2)  Using LATWAIT and an Internal Clock

TPH driver TMP90CO51F
Sl TPHSD
LAT TPHLAT
CK TPHCKO
t‘ TPHCKI
Control TATWAIT
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(8)  Send Format Example 3

Write of send
data timing
TPHCKO ’l I | | I I I ] | [ I ! |

IRFTX0 |

(4)  Send Format Example 4

R S S R S
TPHCKO I
TPHSD M 1727 {1728
TPHLAT | [

IRF LINE |
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3.11 Real Time Clock (RTC) 2) Auto-calendar
3) Choice of 24-hour clock or 12-hour clock (A.M./P.M.)
3.11.1 RTC Function Overview 4)+30 seconds correction function (software adjustment)
5)Alarm output (ALARM)
1) Clock (hour, minute, second, month, day [youbi], date [hinichi], 6)Internal interrupt generation by alarm output

year, leap year)

3.11.2 RTC Block Diagram

1Hz
CXIN _" Divider 16 Hz
CXOouUT #

ALARM ATARM
ALARM REGISTER L AR
ALARM
WSCARRY
T COMPARATOR
ADJUST
CARRY «~— RTC (VCC)
HOLD . vss
ADDRESS [
BUS - DATA BUS
‘ ADUST e ADAWRITE CONTROL CS_ | DECODER
BAKEN ——=[ nterface control

P ! !

RD WR D0~D7 Address

Figure 3.11 (1). RTC Block Diagram
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3.11.3 RTC Input/Output Address Map and Control Registers

Table 3.11 (1) PAGE 0 (timer function) Register

Symbol a d:I/r(()ass D7 D6 D5 D4 D3 D2 D1 DO Setting Contents | Read/Write
SECR srreop | (NoeT) | 40 20 10 8 4 2 1| second RAW
- seconds | seconds | seconds | seconds | seconds | seconds | seconds
MINR WEEH | - 40 20 10 8 A 2 T Minvee RAW
minutes minutes minutes minutes minutes minutes minutes
HOUR s | - _ | 2hours o pous | Bhours | 4hours | 2houss | 1hours | Hour RAW
(PM/AM)
DAYR #FFE3H - - - - - W2 W1 W0 Day R/W
DATER #FFE4AH - - 20 days | 10days 8 days 4 days 2 days 1days | Date R/W
10 8 4 2 1
MONTHA #FFESH - - - months | months | mnonths | months | months | MO R
YEARR #FFEGH | 80vyears | 40years | 20years | 10years | 8years 4 years 2 years 1years | Year (last 2 digits) R/W
TIMER ALARM )
PAGER #FFE7H - - - ADJUST En/dis EN/dis - Page Page register (Note 2) R/W
1Hz 16Hz TIMER ALARM ) .
RESTR #FFESBH dis/En dis/En REST REST 0 0 0 0 Reset register Write only
Table 3.11 (2) Page 1 (alarm function) Registers
Symbol a d:I/r?ass D7 D6 D5 D4 D3 D2 D1 ]i] Setting Contents | Read/Write
SECR #FFEOH - - - - - - - - - R/W
MINR #FFETH - .40 .20 .10 . ) ) 4 . 2 ) ! Alarm minute R/W
minutes | minutes | minutes | minutes | minutes | minutes | minutes
HOUR #FFE2H - - 20 hours 10 hours | 8 hours 4 hours 2 hours 1 hours | Alarm hour R/W
(PM/AM)
DAYR #FFE3H - - - - - W2 W1 W0 Alarm day R/W
DATER #FFE4H - - 20days | 10days 8 days 4 days 2 days 1day | Alarm date R/W
MONTHR #FFESH - - - - - - - 24/12 | 24-hour clock select bit R/W
YEARR #FFEGH - - - - - - LEAP1 LEAPO | Leap year R/W
TIMER ALARM )
PAGER #FFE7H - - - - En/dis EN/TS - Page Page register (Note 2) R/W
1Hz 16Hz TIMER ALARM : )
RESTR #FFE8H dis/En dis/En REST REST 0 0 0 0 Reset register (Note 3) Write only

(Note 1) “=” is ignored when writing but is read as “1”.
(Note 2) Page is specified with the DO bit (Page) of #FFE7H.
Page = 0 sets PAGE 0
Page = 1 sets PAGE 1
(Note 3) All register bits are not initialized by RESET.
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3.11.4 Register Explanation the time, month, day, date, year and leap year to the registers
The real timer clock (RTC) is not initialized by RESET. RTC before starting operation.
operates with unstable values after power-on; therefore, load

(1)  Setting the Second Register (Page 0 only)

7 6 . 5 . a . 3 2 i 20|
SECR | bit symbol — : SE6 | SES . SE4 | SE3 | SE2 : SE1 : SEQ
(FFEOH) [ reagrwrrte - R/W
Resetting Value - : undefined
Function = ;ﬂDseconds 20 seconds IOse:ondlesetcnds:: 4seconds 2seconas§ 1 second

0 0 0 0 0 0 o Orsrecond“

o e oo | o] 0o | 1 |1second

ool ol o[ o | 1| o |2seconds

ol o fo [0 fo} 1 | 1 |3seconss

oo | o o | 1| 0| 0o |4seconds

o | o [0l o | 1| 0| 1 |5seconds

o o o o 1 | 1| o |6seconds

o o | oo | 1|0 |7 seconds

o | o o | 17| ol 0| o |8seconds

o [ o b ol [0} o | 1 f9seconds

o o 7o o | o | o [0seconds

0 0 1 1 0 0 1 |19 seconds]

v 00| o | o | o |oseconds

0 1 0 1 0 0 1 29§gcond§

o | 1| 1] 0o o] o | o |oseonds

0 1 1 1 0 0 1 395ecqnds

1| o | O lllll 0 7 0” Oodﬂseconds

0 1 1 1 0 0 1 [39seconds

v o o o] o | o | o |aoseconds

T T Tl ool

L Bit D7 is ignored when writing
butisread as “1”.
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(2)  Setting the Minute Register (Page 0/Page1)

MINR
(FFETH)

7

5

4

3

2

1

bit Symbol

— L M16

M15

M14

i M3

M12

HELYAN

M10

Read/Write

R/W

Resetting Value|

undefined

Function

- 40 minutes 20 minutes: 10 minutes ‘B minutes 4 minutes

2minytes : 1 minute

Jloiocicicioioio o o o

c oo o o

loiciciocio

‘o ocolocoloocoiooo ol

o o. o

3 minutes

4 minutes

B minutes

7 minutes

0 minute

1 minute

5 minutes

8 minutes

10 minutes

oo

19 minutes|

20 minutes|

29 minute

30 minutes

39 minutes

K0 minutes|

49 minutes

50 minutes,

[

I

0

I

1

[

1

I

o ]

0

l

1

159 ;'nin utesl

L Bit D7 isignored when writing but is read as “1”.
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(8)  Setting the Hour Register (Page 0/Page 1) O When DO of FFE5SH = 1 (24-hr. clock display)
76 5 . 4 3 i 2 i v i 0
HOUR { bitSymbol - : - : HOS : HO4 : HO3 @ HO2 : HO! : HOO
(FF22H) | Reagnwrite - i = RIW
Resetting Value| — @ — ¢ undefined
Function - : - 20(;\’\;;;r| : 10 hours B hours 4 hours 2 hours 1 hour
0 0 0 0 0 0 hour
o | o | o | o |1 hour
ol o | ol o | 1| 0|2 hous
e B e = i
................... O R e I R D
""" o | o | o | 1| 0o | 1 |s hours
............ S R R 106h0urs
.................... e e e e R B
B I R
............... P K R o
........................... e B s s
. 0 1 1 0 0 1 19Hh.9.u__r_§_
............... S e T o e e

—_

‘I]1|0]o[u| [‘i123:hou_rsl

L} 1its D7 and D6 are ignored when writing but are read as “1".
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O When DO of FFE5SH = 0 (12-hr. clock display)

7 6 5 - 4 3 2 0
HOUR | it Symbo - — HOS HO4 | HO3 | HO2 : HO1 : HOO
(FF22H) | pesgrmrite - i - R/W
Resetting Value] - : - undefined
function - - 20(;}2;.;5 10hours | 8hours ahours | 2hours 1 hour
0 0 0 0 0 0 0 hour (am)
............ g 0 0 . 0 0 1 1h0ur
. g g 0. . 0 o g 1 . 0 zhours
O N T A N
0 0 0 1 0 0 4 hqursﬁ -
o | o [ o | 1| o | 1 ]s5hours
0 0 0 : 1 .... g .... Ghours .
g 0 0 : 1 1 ...... 7hours
o . D . 0 . 1 . 0 I 0 g 3hour5
| 0 0 1 0 0 1 | 9 hours
o | 1 [ o | o | o | o |w0hours
o | v ] o] o | o | 1 |11 hours
1 0 0 0 0 0 0 hour
: 1' 0 | 07 . 0 : ”0 a ”'IV 7 1mhrour 7
t__ } BitsD7and D6 are ignored when writing but are read as “1”.
(4)  Setting the Date Register (Page 0/Page 1)
7 6 5 14 -3 12 i 0
DAYR | pisymbal - - = = — . WE2  WEl . WEQ
(FFE3H) | seacivrte - - - = = R/W
Resetting Vaiug — — - i = = : undefined
Function - - - - - w2 Wi ‘ wWo
0 0 |Sunday
o 1 [Monday
0 0 |Tuesday
0 1 |Wednesday
1 0 |Thursday
'i ‘IV : Friday
1 7 1 O : VSarturdayr
T T T r T Bits D7 - D3 are ignored when writing

but are read as “1",
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(6)  Setting the Date Register (Page 0/Page 1)

DATER
(FFE4H)

7 6 . S - 4 . 3 i 2 i 1 0
bit Symbal — | — | DA5 | DA4 I DA3 | DA2 . DAl DAD
Read/Write - : - R/W
Resetting Value|  — = undefined
Function - = ZUdaysi 10 days 8 days Adays 2days 1day
0 0 0 0 1 1day
o oo |o 0| 20ays
o | o | o | o | 1 [ 1] 3days
O R e R o o 4Vdays
0 . 0 0 1 0 1 Sdays
o | o | o | 1 | 1| o edays
o [ o | o | 1 | 1| 1] 7days
o | o | v ] o | o | o} sdays
ol 1 o | 0 .1 ] 9days
U : “.1. . O hl 707 | 707 0 10 days
o | v o] o | o | 1 [ 11days
0 1 1 0 0 1 19daﬂysm
1 o | o | o 0 0 | 20days
1 1 0 0 29days
1 0 | o | o | o |30days
v 0 (o | o |1 | 31days

L——T— Bits D7 and D6 are ignored

when writing but are read as “1”.

132/184

TOSHIBA CORPORATION



TMP90C051

(6)  Setting the Month Register (Page O only)

4 3 12 P11 i

MONTHR| bit Symbol -

S MO4  SMO3 | MO2 MOl MOOD

(FFESH) Readhirite -

R/W

Resetting Value| -

undefined

Function

{10 months 8 months | 4 months : 2 months | 1 month

B R 0 0 1__[1month
010 0 l‘é“monrt'hrs
..... ol o | o 3 months.
o [ o |1 4 months
o o [ 1 5 months
o o [ 1| 1 o [6months
0 | o 1 | 1 |7 months
o - 0., P

T 0 I O
L L 0 0 10 months
1 Lo | o] o [ 1 [11months
1 0o | o | 1] o |1i2months

(7)  Setting 24-Hour/12-Hour Clock (Page 1 only)

The MOO bit of address #FFE5H is used to set the 24-

Bits D7, D6 and D5 are ignored
when writing but are read as “1”.

hour/12-hour clock of the timer function.

7 6 5 4 3 2 o2 - 3 o
MONTHR | bt symbol - ¢ - - - - - - MO0
(FFESH) | peagrwrite - - - - - i - L~ D R/W
Resetting Value| = . = - - - i - { = ‘undefined
: 11 28-Hour
Function ;0. 12-Hout
Bit 7~1 are ignored when

writing but are read as "1"”.

setsthe 12-hour clock

o

sets the 24-hour clock

-
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(8)  Setting the Year (Last 2 Digits) Register (Page 0 only)

7 6 - s 4 3 1 2 " 1 ¢ 0
YEARR | bit symboi YE7 : YE6 : YES . YE4 | YE3 i YE2Z : YE1 ! YEQ
(FFE6H) | Readnvrite R/W
Resetting Value undefined
Function B0 years 40 years 20 years 10 years Byears 4 years 2 years 1 year
1 0 0 1 0 | 90 years
1 0 0 1 0 91
1 0 0 1 0 92
1 0 0 1 0 ) 93 7
1 0 0 1 0 94
1 0 0 1 0 ]9
1 0 0 1 0 1 1 Q 7 96 -
1 0 0 1 0 1 1 197
1 0 0 1 1 0 0 0 98
1 0 0 1 0 0 1 99
0 0 0 0 0 0 0 0 0 year
(90  Setting the Leap Year Register (Page 1 only)
7 6 . s . 4 3 2 1 0
YEARR | bitSymbol - - = = Po—- P—- : YE1 YEQ
(FFEBH) | reagwrite - = -~ P Po- : R/W
Resetting Value — : — : — i - P . — — : —
: 00 leap year
—_ H —_ —_ — _ : _ 01 istyear after leap year
Function B B : : : 110 2nd year after leap year
S11 3erd year after [eap year
|
T
Ignored when writing
butreadas “1".
0 0 During a leap year.
0 1 One year aftera
leap year.

1 0 |Two yearsaftera
leap year.

1 1 Three years after

leap year.
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(10) Setting the Page Register (Page 0/Page 1)

e 6 5 a4 3 o2 o1 0
PAGER | bitsymbol - ~ — pA4 I PA3 I PA2 . — I PAD
(FFE7H) | readwvrite - - - W R/W o= L RIW
Resetting Value - - - - .____undefined H— undefined
(RMW 1 ADJUST ‘TIMER  TIMER : L pAo
. ! - - - SEmABLE DV ENABLE D - 1: PAGEQ
disable) | Functon (0 DisnBte 0 DiSABLE $0: PAGE?
T
0 Specifies Page 0,
1 Specifies page 1.
0 sables alarms
1 Enab\esalarms
0 D:sab[es t|mer
1 Enabies tlmer

Corrects the seconds. Writing "1 to this bit
resets the number of seconds to "0 when the
value is 0 - 29, and increments the number of
minutes by “1" and resets the number of seconds
to “0" when the value is 35-59.

(Page0 only)

Bits D7 - D5 and D1 are ignored
when writing but are read as “1".

(11) Setting the Reset Register (Page 0/Page 1)

7 6 S 4 03 o2 1 i 0

RESTR | bitsymbol RE7 : RE6  RES RE4A -~ RE3 RE2 : RE1 - REO
(FFEOH) | peagmwrite R/W
Resetting Value undefined

Function

0:1HZ 0:16HZ I:TIMER T:ALARM. data  data © daia  data

RESET :

write | write | write : write

RESET w0 : i 0"

Always write “0".

0 R

1 Resets the alarm register.

Resets the divider.

0 |Enables output of the 16Hz c\ocktothe ALA

pin.

1 |Disables outputof the 16Hz clock to the ALARM pin. .

0 |Enables outputoftheWHchocktotheALARM pin.
1 Disables output of the THz clock to the ALARM pin.

TOSHIBA CORPORATION
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3.11.5 Alarms

(1) ALARM Output Pin

OSC with the divider is output from the ALARM pin.
Set as follows.

PAGER

<PA2>: ALARM DISABLE = 0

Any one of the following three signals can be selected RESTER

with SELECT circuit and output to the ALARM pin.

<RE7>: 1Hz Output enable = 0

<RE6>: 16Hz Output Disable = 1

O The ALARM signal output from the comparator

drops to “Low” when the contents of the timer and

alarm register match

Set as follows to output the ALARM signal to the

ALARM pin.

O A 16Hz signal obtained by dividing the 32kHz signal

from OSC with the divider is output from the ALARM

pin. Set as follows.

PAGER

<PA2>: ALARM DISABLE = 0

PAGER

<PA2>: ALARM Enable = 1

RESTER

RESTER

<RE7>: 1Hz Qutput Disable = 1

<RE7>: 1Hz Output disable = 1

<RE6>: 16Hz Output enable = 0

<RE6>: 16Hz Output Disable =1

0 A 1Hz signal obtained by dividing 32kHz signal from

TIMER ! Mz 1Hz Enable

|
1

+ -

i signal
1

i

.

J 16Hz Enable
DIVIDER | 16Hz ——Do_

ALARM REGISTOR | !
! ALARM ENABLE —’:D_
COMPARATOR } ALARM match

R

! | INTALARM
----- ALARM SELECT CIRCUIT --->

Figure 3.11 (2). Alarm SELECT Circuit
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ALARM Reset Cautions

“0” is output to ALARM when the timer and alarm register
contents match for the minute, hour, day and date
items while alarms are enabled.

After an alarm reset, however, items for which nothing
has been written are considered to match, regardless
of the timer contents. 3)

However, the two digits (10’s and units) of the minute,
hour and date items form a single item, so set both
digits when writing.

For example, to output an alarm at the same time
every day, it is only necessary to set the hour (both the
10’s and units digits) and minute (both the 10’s and
units digits) after executing an alarm reset. An alarm
reset clears the contents of the alarm register to “0”.
To compare “0” (to compare “0” for hour and minute,

for example, 00 hour, 00 minute), however, all items
enter the “don’t care” status when an alarm reset is
executed with alarms enabled and the ALARM signal
is output until an alarm is set. Because of that, it is
necessary to disable alarms before executing an alarm
reset.

INTALARM (Internal)

As with ALARM signal output, interrupts can be generated
with any of the three following signals. 1) Comparator
output, 2) 1Hz, 3) 16Hz.

Interrupts are generated internally in synchronization
with falls of the ALARM pin output.

INTALARM is reset by system resets (when RESET =
“Low”).

ALARM —_— —

)

INTALARM

Internal interrupt /

request

Active state

TOSHIBA CORPORATION
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3.11.6 Typical Programming Sequence O Errors are possible when a carry to the next higher
digit of an internal counter occurs while reading timer

(1) When Reading Timer Data data. Thus, use the following method to read the data
correctly.

{ START )

Specify the register page to be
read with the PAGER<PAQO>

|
'

Read the timer data
(15st)

l

Read the timer data
(2 nd)

l

1st data=2nd data

Figure 3.11 (3). Typical Timer Data Read Sequence

When reading timer data as shown in Figure 3.11 (3), carry operation is indicated when a comparison shows
the timer data are read twice and the contents are that the occurred. contents differ, so the data are read
then compared to determine if a carry operation A again.
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0 Reading timer data when ALARM output was used detecting ALARM = 1 with a 1Hz INTALARM interrupt
routine.

Data can be read at the ALARM output rise edge by

START

RESTER:1Hz output enable <RE7>=0
RESTER:16Hz output disable <RE6> =1
PAGER : ALARM DISABLE <PA2>=0

I

1) ALARM INT NO
(1Hz}
YES
N
*2) O
YES
(Note)
Read the timer data This period is within
0.5 second.

ALARM

I L

A i
‘r—— 0.5 second —-E

(INTERNAL) INTALARM

A

Interrupt processingiroutineReads
ALARM = “1"

JEESE—

(Note:) This is because an RTC timer carry operation occurs at the 1Hz pulse rise edge when the RTC timer is read after reading ALARM = 1 from a port with
an interrupt routine at *2). When reading timer data, the prescribed timer (timer value) can be read by reading for 0.5 sec. after the carry operation.

Figure 3.11 (4)
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(2)  When Writing Data The RTC contains a 15-stage divider that generates

the 1Hz signal from the 32.768kHz signal. Carry operations
0 Data will not be written correctly if a carry signal are not performed during the 1-s. interval after this
appears while writing a series of data. Use the follow- divider is reset. Data are written during this interval.
ing method to write the data correctly.

{ START )

PAGER<PAO> = 0 (Page0)

RESTER<RES> = 1:timerreset
(divider reset)

(Note) o
Write the timer data This period is within
0.5 second.

END

Figure 3.11 (5). Typical Data Write Sequence
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O When disabling the timer

Writing “0” to bit <PA3> of address #FFE7H disables
the timer, disables carry operations and prevents
misoperation due to the CLOCK HOLD circuit.

The CLOCK HOLD circuit holds once only the 1-sec-
ond carry signal generated by the divider while the
timer is disabled, corrects the time by outputting the carry
signal to the timer after the timer is enabled, and con-

( START )

Y

Disable the timer

tinues operating. If the timer disable continues for
longer than one second, however, the timer is delayed.
Caution must be exercised here in that the TMP90C051F
system power supply is halted while the timer is dis-
abled. In this case, the timer remains stopped and the
time is delayed; therefore, when a system power-down
is detected while the timer is disabled, always return to
timer enable and then set BAKEN (Back Up Enable) to “0".

Read the timer data

(Note)
This period is within
one second.

) Enable the timer

Figure 3.11 (6). Typical Timer Disable Sequence
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3.11.7 Battery Backup

A minimum (RTC) Vcc voltage of 2V is guaranteed by the

The RTC section has an independent (RTC) Ve power supply ~ battery backup.

pin. Operation can be continued in case of loss of Vcc (pins 36/
77), the main power supply, if an external battery backup is
connected to (RTC) Vcc.

The battery backup is activated by setting BUKEN = “0”
when loss of the main power supply, Vcc (pins 36/77), is
detected externally.

System power

Use a backup circuit that provides the same potential at
(RTC) Vcce found at Vee (pins 36/77) when the main power

supply is on.
Figures 3.11 (7) and (8) below show battery backup circuit
configurations.
TMP90CO51F
Pins 36.77

supply circuit

VCC (main power supply)

+—— | (RTC) VCC (backup power supply)

BAKEN

StaticRAM

Charge
(NiCd)
Z
RAM CS :
(chip select) ‘\ g

Power-off detection circuit

Figure 3.11 (7). NiCad Battery Backup Circuit Configuration
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TMP90CO51F

System power Pins 36.77

supply circuit

VCC {main power supply)

(RTC) VCC (backup power supply)

~
L1
~l
11
ﬁ BAKEN

¥

Static RAM

cs

|

(chip select)

-
1
'
1
1
1
i
|

i a

Power-off detection circuit

RAM €S —

Figure 3.11 (8). Lithium Battery Backup Circuit Configuration
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3.12 Dynamic RAM Controller and writing, and an address decoder circuit.
The TMP90CO051F configuration includes a controller circuit ~ Figure 3.12 (1) shows the dynamic RAM controller block
for refreshing the dynamic RAM, an access circuit for reading diagram.
P32iCs ]
P31/CAS [] Refresh Refresh Address
P30/RAS I__—! generator counter decoder
L— !

generator Control

_4‘ Memory access
Arbitration

register

|

Internal bus

Figure 3.12 (1). Dynamic RAM Controller Block Diagram

3.12.1 Refresh Controller Block The refresh controller block has the following features.
The TMPO0CO051F can drive RAS and CAS outputs used for

DRAM refreshing. 1) Refresh method: CAS before RAS interval refresh

DRAM refresh is easy because the output cycle and out-  2) Refreshiinterval: 15 ~ 154 states (programmable)
put pulse width of the RAS and CAS outputs can be set by 3) Refresh cycle width: 2 ~ 9 states (programmable)
program. 4) Dummy cycles can be generated.
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Figure 3.12 (2) shows typical refresh cycle timing.

X1 ‘_\_/_\J_\_/_\_/

L\__/_\_/

M\ /

2-state width

I

a) With the refresh cycle width

setto 2 states.

N

3-state width

T

b) With the refresh cycle width
set to 3 states.

Figure 3.12 (2). Typical Refresh Cycle Timing

The method for using the refresh controller block is
described below.

i) Refresh Method

Refreshing is performed using the CAS and RAS
refresh method using the DRAM built-in refresh
counter.

Register Setting Method

With the CAS before RAS refresh method, the refresh
interval and refresh cycle width differ depending on the
DRAM used.

The TMP90CO051 sets the RAS and CAS output in
accordance with the system clock and DRAM used by
changing the refresh control register value.

Figure 3.12 (3) shows the bit configuration of the
refresh control register used to control RAS and CAS
output.
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REFCR
(FFDBH)

7 6 5 1 4 . 3 2 1 0
bit Symbol oMmI RS2 RS1 : RSO = Rw2 RW1 RWO RC
ReadWrite R/W
Resetting Value| 0 0 0 0 ;0 0 0 0
Dummuy Refresh cycle insertion interval * Refresh cycle width ?Re"?sh cycle
Function cycle 000: 15 states 000: 2states Lo
0: disable : 001: 31 states : 001: 3 states ‘disable
1:enable : 010: 62 states 010: 4states i
011: 78 states 011. Sstates ‘enable
100 97 stetes ; 100: 6 states :
101 109 states 101: 7 states
110: 124 states : 110;  Bstates
111 154 states : 111: 9states
T T T
Refresh cycle control
0 |Disables refresh cycle insertion
1 |Enables refresh cycle insertion
Refresh cycle width control
RW2 [RW1|RWO | Refresh cycle width
0 0 0 2-state
0 0 1 3-state
Q0 1 0 4-state
0 1 1 5-state
1 0 0 6-state
1 0 1 7-state
1 1 0 B-state
1 1 1 9-state

See Table 3.12 (3).

Dummy cycle control

Refresh cycle insertion interval

0

Disable dummy cycles

1

Enable dummy cycles

Figure 3.12 (3). Refresh Control Register
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Table 3.12 (3) Refresh Cycle Insertion Intervals

Resfresh cycle Insertion Frequecncy
interval
RS2 RS2 RSO (state) 4MHz 8MHz 10MHz 12.5MHz 14MHz 16MHz
0 0 0 15 75 375 30 2.4 214 1.88
0 0 1 31 @ 755 6.2 496 443 3.88
0 1 0 62 310 @ 124 9.92 8.86 775
0 1 1 78 39.0 195 12.48 11.14 9.75
1 0 0 97 485 24.25 19.4 @ 13.86 12.13
1 0 1 109 545 2125 218 1744 (@) 13.63
1 1 0 124 62.0 310 248 19.84 17.72 @)
15.5 1 1 154 77.0 385 308 24.7 22.0 19.3
(Unit ps)
The refresh control register (REFCR) is assigned to Example: When using the 12.5MHz system clock,
address FFD8H and the bits are as follows. set these bits to “100” to specify a DRAM
refresh cycle of 16 microseconds.
<DM1>: Dummy cycle control bit (DMI)
The dummy cycles required fro DRAM <RW2 ~ 0>: Refresh cycle width control bits
intialization are genrated by setting this bit (Rw2 ~ RW0)
to “1” (see Figure 3.12 (4)). These 3 bits are used to
change the refresh cycle width
<RS2 ~ 0>: Refresh cycle insertion interval control bits (RAS, CAS output) (2 ~ 9 states).
(RS2 ~ RS0)
These 3 bits are used to <RC>: Refresh cycle control bit (RC)
change the system clock used and the This bit is used to control refresh cycle
insertion interval. insertion.
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7 6 s a4 o3 i 2 1 o0
p3FR | b1t Symbot - - wpTOUTC: DACTIC :DACTOC: CSC : CASC : RASC
(FFBBH) | Reagrwrite - - L ow R/W
Resetting Valuel - 0 ) [¢] 0 ) : 0
S p3scontrol : Paconirol {P33conual ; P33conirol [ P3icontrol P30 control
(RMW Function ;n pn:hzngz‘f 0 general: éﬂ:grntml 0: general- 0: genera Q: general-
-  disable . PUrPOIE POTL D PUrpOYE POTT T PUIRAsE POTL T PUIPOSE POTT  pUrpose port
disable) ;|pm(Nng-é 1. DACTI:1: DACTO; 1: €5 10 CAS 1 RAS
C P30 RAS output setting
0 |Port output
1 |RAS output
—=P31 CAS output setting
0 |Port output
1 | CAS output
————— P32 chip select (CS)
outputsetting
0 |Port output
1 |CS output
Figure 3.12 (4). Port 3 Function Registers
i) Dynamic RAM Initialize CAS before RAS dummy cycles when using DRAM.
Figure 3.12 (4) shows the CAS before RAS dummy
The dynamic RAM controller generates consecutive cycle timing.

i
C
- C
C
C
C
C
C
>
C
C
>
C
C
a7

CLK \ [ \ / \ /

WR /

RAS \ [ \ [
CAS \ a

~—
-

Figure 3.12 (5) CAS Before RAS Dummy Cycle Timing
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3.12.2 Read/Write Control Block decoder block described in the next section is selected.
The read/write control block outputs the memory access cycle _Figure 3.12 (6) shows the RAS and CAS output timing
RAS and CAS signals when the address area set with the during the memory access cycle.
T T2 T T™W TW T2
S AV AT AW AU AR AW AN AW AW AW AW AW AW
e 17 \ f \ / \
Ale [\ ] N
AB~22 "_“‘x_ X
RD/WR \ f \ /——
WAIT
U/
< N\
RAS 1
CAS _/——- [__
/ \
a) With no-wait b) With waitinsertion

Figure 3.12 (6). Memory Access Cycle Timing
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i) Register Setting Method <CSEN>. Additionally, RAS and CAS output during
memory access is enabled and disabled by setting
<MC>. When <CSEN> is set to “0” (CS output disable),
RAS and CAS output during memory access is disabled,
regardless of <MC> value.

Figure 3.4 (7) shows the bit configuration of the memory
access control register. The memory access control
register (MACR) is assigned to address FFDBH.

CS output is enabled and disabled by setting

7 6 5 4 3 2 : 1 0
MACR [ bit§ymbol - R - - 1 CSEN i MC
(FFDBH) | reagwnte R e R R R R/W
Resetting Value| - - : - H - : - 0 : 0
: ‘Chipselect : ‘RAS/CAS
Function : 0:output  dunng
- - - - - - ¢ disable | memory
: A output | access
enable : 0:disable
: 1: enable
i

RAS/CAS enable/disable (read/write) during memaory access
<CSEN> =1 <CSEN>=0

0 ' Disables RAS/CAS during memory access |Disables RAS /
H — CAS during
1 | Enables RAS/CAS during memory access memory

Chip select control (read/write)

0 E Disables chip select output

1 : Enables chip select

Figure 3.12 (7). Memory Access Control Register (MACR)
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3.12.3 Address Decoder Block

The address decoder block enables DRAM access and simul-
taneously outputs the CS signal when the start address and

mask address are loaded to the register. When a DRAM is not
used, the CS signal can be used as the area select signal.

o

Figure 3.12 (8). Chip Select (CS) Operation Timing

Al4~A22
A22 ‘
A21 :
A20 ——————
A19 —————
A18 e —
A17 —
A6 —
A15 —
A4 -
bbboddod
vvIvIvvIvv]v sTs]s[s|s]s|s|s
21/20(19)1817}16(15]14 22[2120]19)18|17|18]15

Start address mask register

Figure 3.12 (9). Address Decoder Block Diagram

Start address register

MACR <CSEN>

TOSHIBA CORPORATION
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i) Start Address Setting Method by A15 - A22 and is therefore set every 32K bytes.

In other words, the DRAM start address is set every

The address decoder outputs the CS signal when the 32K bytes, starting at 000000H.

start address and area size are specified.
As shown in the diagram, the start address is decoded <Note> The start address is changed to set the value

of MSAMR register.

Start address Start address register value (MSAR)

Address

000000y 000000y ......... 00k

008000y ......... 01
Unit: ( H H
32k bytes 010000y ......... 02y
018000 ......... 03y
0200004 ......... 04y
0280004 ......... 05H
0300004 ......... U§H

~——7F8000H ......... FF

Figure 3.12 (10). Start Address Setting Locations

i)

i)

Address Area Setting Method

The address area is specified by setting the start
address mask register (MSAMR).

As can be seen from the address decoder block diagram
(Fig. 3.12 (9), the address area that can output CS is

specified depending on whether or not the A14 - A21
address values are compared.

In other words, it is possible to specify an area of up to
4M bytes in 16K byte units.

Procedures for Setting Start Address/Address Area

Set the memory start address mask register (MSAMR)
(Setting the address area)

Set the memory start address mask register (MSAR)
(Setting the area start address)

©)

©

Compare values of the same address bit of MSAMR
and MSAR. (Ex.) Compare values of MSAMR <V15>
and MSAR <S15>.

If the values of the same address bit are “1”, the bit in
MSAR becomes ineffective and is regarded as “0”.

The start address is changed.

If the values of the same address bit are not matched
by “17, the set-up is complete. (The specified address
area and start address are decoded.)

When the start address is changed correctly, the set-up is
complete. If not so, change the MSAR value.

Set MSAR again and compare. (Start from (3).)
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Set-up example When the start address is 20000y, the address bits do
not match as “1” and the start address is not changed.
This enables to decode under the start address = 200004

When address area = 64K bytes, start address = 18000
" " i : H and the address area = 64K bytes.

(Memory map: 180004 to 27FFF)
Set

MSAMR = 03y, <-> address area: 64K bytes (Set-up example 1)
MSAR = 03y <-> start address: 18000y

*: When values of the same address bit are “1”, the start Case of MSAR = 03y and MSAMR = 03y
address is changed to 10000y.
If not so, change the start address to 20000.
(Memory map: 200004 to 2FFFF)
MSAMR =034
MSAR = 04y,

The output of chip selection is the memory map as below.

. 522 521 $20 519 518 517 S16 S15 514
Setting the MSAR | 5 f o 0 1 5 l o l 5 [ ’ i . }Q_P lllll
default "0"
. v22 V21 V20 V19 V18 V17 V16 V15 vi4
Setting the MSAMR o i o ] 0 l 0 [ o l o l ) l 1 [ 1

default "0

V22 ~ V16 = “0”, so these values of S22 ~ S16 are valid- are invalidity.
ness but V15 and V14 = “1”, so these values of S15 and S14

000000

0100004

l The area of chip selection

01FFFFy

)
¢
2}
s

7FFFFFy
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(Set-up example 2)

V22 ~ V16, V14 = “0”, so these value of S22 ~ S16 and

Setting the MSAR

Setting the MSAMR

522

Case of MSAR = 03H and MSAMR = 02H

V22

00004

100004

13FFFy

180004

1BFFFH

TFFFFFy

V16 V15

V14

519 518 517
o [ o | o
V19 Vig V17
o [ o [ o

o |

S14 are validness but S15 = 17, so this value of $15 is invalidity.

1 The area of chip selection
J (16K byte)

1 The area of chip selection

J (16K byte)
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(Set-up example 3)

Chip select area by setting value of MSAR and

MSAMR

MSAMR (partly)

MSAR 00 01 02 03
0000 0000 0000 8000 0000
0 J I J I I
3FFF TFFF 3FFF 1BFFF FFFF
(16K byte) (32K byte) (16K byte x 2) (64K byte)
8000 8000 10000 18000 0000
0 J I I I
BFFF FFFF 3FFF 1BFFF FFFF
(16K byte) (32K byte) (16K byte x 2) (64K byte)
10000 10000 10000 18000 10000
0 J J I J
13FFF 17FFF 13FFF 1BFFF 1FFFF
(16K byte) (32K byte) (16K byte x 2) (64K byte)
18000 18000 10000 18000 10000
03 J J I I J
1BFFF 1FFFF 13FFF 1BFFF 1FFFF , ,
(16K byte) (32Kbyte) | (16Kbytex2) | (64K byte) () is area size
MSMAE‘AMR 03 07 OF 1F 3F TF FF
20000 20000 00000
04 J J J
2FFFF 3FFFF 3FFFF 00?00
(64K byte) (128K byte) (256K byte) - 00000
40000 40000 40000 (512K byte) i
08 J J J FFFFF 00000
4FFFF 5FFFF 7FFFF (1M byte) [
(64K byte) (128K byte) (256K byte) 1FFFFF 00000
80000 80000 80000 80000 (2M byte) i
10 i f i f 3FFFFF
8FFFF 9FFFF BFFFF FFFF (4M byte)
(64K byte) (128K byte) (256K byte) (512K byte)
100000 100000 100000 100000 100000
20 J J J J J
10FFFF 11FFFF 13FFFF 17FFFF 1FFFFF
(64K byte) (128K byte) (256K byte) (512K byte) (1M byte)
200000 200000 200000 200000 200000 200000
40 J J J J J J
20FFFF 21FFFF 23FFFF 27FFFF 2FFFF 3FFFFF
(64K byte) (128K byte) (256K byte) (512K byte) (1M byte) (2M byte)
400000 400000 400000 400000 400000 400000 400000
80 I J J J J J J
40FFFF 41FFFF 43FFFF 4TFFFF 4FFFFF 5FFFFF TFFFFF
(64K byte) (128K byte) (256K byte) (512K byte) (1M byte) (2M byte) (4M byte)

TOSHIBA CORPORATION
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Iv) Register Setting Method assigned to address FFDAH.
CS output can be enabled and disabled regardless of
Figure 3.12 (11) and Figure 3.12 (12) show the bit con- the above registers by setting <GCSEN> of the memory
figurations of the start address register (MSAR) and access control register (MACR) shown in Figure 3.12
start address mask register (MSAMR). 6).
MSAR is assigned to address FFD9H and MSAMR is
7 6 5 4 308 2 ¢ i
MSAR bit Symbol 522 $21 0 520 : S19 i S18 i S17 ¢ S16 : SIS
(FFDIH) Read/Write R/W
ResettngValue] 1 - 1 1 1 K I I
Set memory starty address
Function A22~A15
L |
L» Memory start address setting
Figure 3.12 (10) Memory start address register
7 . 6 5 - 4 3 0 2 1 i
MSAMR | bitsymbol V21 V20 1 W19 1 VI8 V17 W16 VIS 1 V14
(FFDAH) Read/Write R/W
Resettngvalue] 1 1 1 1 E I E
0: address A14~A21 comparision valid
Function 1:  address A14~A21 comparison invalid (Specify in 1 bit units.)
L |
L—» Address A14~A21 comparison control
0 |A14~A21 comparison enabled
1 |A14~A21 comparison disabled
Figure 3.12 (11). Memory Start Address Mask Register
The MSAR <S22> ~ <S15> correspond to the A22 ~ EX. The case of invalidity at <V15> =1
A15 of address and the S14 correspond to the A14
(S14 s "0 at default). The MSAMR <V21> ~ <V14> The comparison of <S15> value and address (A15) is
point to the validness/invalidity of comparison with the invalidity and <S15> value is validity. So the value of
value of the setting MSAR and the address. A15 is unrelated ness for “07/“1”.
The MSAMR <V21> ~ <V14> correspond to the The case of validness at <V15> = 0
MSAMR <V21> ~ <V15>, S14 and the MSAMR The comparison of <S15> value and address (A15) is
<V22> corresponds to the MSAR <S22> (S22 is “0” at vali dnessp
default). The comparison of the A22 and <S22> is ’ )
usually validness. The meaning of comparison (valid- When the value of <S15> only agree with address
ness and invalidity). (A15), CS signal is enabled.
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3.12.4 Priority Sequence priority to the cycle that enters first. When the refresh cycle is
Since the dynamic RAM refresh cycle is asynchronous with the  given priority, a waits automatically inserted in the memory
CPU operation cycle, it may overlap the read/write cycle in access cycle. Figure 3.12 (13) shows the timing in such cases.

some cases. In such cases, the dynamic RAM controller gives

T1 TW TW ™ T™W T2

CLK

ALE \

f
AB~22 EX——
RDAWR f \ /

cs \

RAS \

s \ / J

Figure 3.12 (13). Timing Chart for When a Memory Access Cycle Enters During a Refresh Cycle
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3.12.5 Typical DRAM Connection

A8~A19

DAOD~DA7

TMPSOCO51F -

EA

TC511000 (1M x 1)

WR
HC157 RAS

AT0~19 A — CAS
HC373 Y A0

A0~9 §
A9

Din Dout

ADO AD1

AD2

AD3| AD4| ADS| AD6| AD7

88

110590

Figure 3.12 (14). Typical DRAM Connection
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