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Preface
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TOSHIBA TMP92CF29A

CMOS 32-Bit Microcontroller
TMPO92CF29AFG

1. Outline and Features
The TMP92CF29A is a high-speed advanced 32-bit microcontroller. developed for controlling
equipment which processes mass data.
The TMP92CF29AFG is housed in a 176-pin QFP package.

This production has “-777x code” x is from 0, and it shows Boot Rom version.

(1) CPU: 32-bit CPU (High-speed 900/H1 CPU)
e  Compatible with TLCS-900/L1 instruction code
e 16 Mbytes of linear address space
e  General-purpose register and register banks
e  Micro DMA: 8channels (62.5 ns/4 bytes at fsys=80MHz, best case)
(2) Minimum instruction execution time : 12.5 ns (at fsys='80 MHz)
(3) Internal RAM: 144 Kbytes (can be used for program, data and display memory)
Internal ROM: None (However, built-in .8 Kbytes. ROM of special memory for Boot)
(4) External memory expansion
e Expandable up to 2.1 Gbytes (shared program/data area)

e (Can simultaneously support 8-and 16-bit width'external data buses
------ Dynamic data bus sizing

e Separate bus system
(5) Memory controller
e  Chip select output: 4 channels
¢  One channel in 4/channels is enabled detailed AC enable setting
(6) 8-bit timers: 8 channels
(7) 16-bit timer/event counter: 2 channels
(8) General-purpose serial interface: 2 channels
e UART/synchronous mode: 2 channels
e IrDAver.1.0 (115.2 kbps) selectable
(9) Serial bus interface: 1 channel
o I2C-standard mode only
(10) USB (universal serial bus) controller: 1 channel
e Full-speed (12 Mbps) (Low-speed is not supported.)
¢  Endpoint 0: Control 64 bytes x 1 FIFO
Endpoint 1: BULK (output) 64 bytes x 2 FIFOs
Endpoint 2: BULK (input) 64 bytes x 2 FIFOs
Endpoint 3: Interrupt (input) 8 bytes x 1 FIFO
e  Descriptor RAM: 384 bytes
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TOSHIBA TMP92CF29A

(11) 128 (Inter-IC Sound) interface: 1 channel
e 128 bus mode selectable (Master, transmission only)
e Data Format is supported Left/Right Justify
e 128-byte FIFO buffer (64 bytes x 2)
(12) LCD controller
e  Supports monochrome, 4, 16 and 64 gray levels and 256/4096/65536 colors for STN
e  Supports monochrome, 4096/65536 colors for TFT
e  Supports PIP (Picture In Picture Display)
e  Supports H/'W Rotation function for support to various LCDM
(13) SDRAM controller:1 channel

e Supports 16-Mbit, 64-Mbit, 128-Mbit, 256-Mbit and 512-Mbit SDR (Single-data-rate)
SDRAM

e  Possible to execute instruction on SDRAM

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

(15) Key-on wakeup (Interrupt key input)
(16) 10-bit A/D converter (Built in Sample Hold circuit): 6 channels

(17) Touch screen interface

e  Built-in Switch of Low-resistor, and available to reduce external components for shift
change row/column

(18) Watchdog timer
(19) Melody/alarm generator
e  Melody: Output of a clock 4 to 5461-Hz clock
e Alarm: Output of 8 kinds of alarm pattern
e 5 kinds of interval interrupt
(20) MMU
e Expandableup to 2.1 Gbytes (3 local area/8 bank method)
e Independent bank for each program, read data, write data, source and destination of
DMAC (Odd channel/Even channel) and LCD display data
(21) Interrupts: 57 interrupts
o 9(CPU interrupts: Software interrupt instruction and illegal instruction
¢ - 39.internal interrupts: Seven selectable priority levels
e 9 external interrupts: Seven selectable priority levels (include key interrupt)
(8-edge selectable)
(22) DMAC function: 6 channels

e High-speed data transfer enable by controlling which convert micro DMA function and
this function

(23) Input/Output ports: 98 pins (Except Data bus (16bit), Address bus (24bit) and RD pin)
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(24) NAND Flash interface: 2 channels
e Direct NAND flash connection capability
e  Supports SLC type and MLC type
e  Supports Data Bus 8/16 bit, Page Size 512/2048 bytes
e  Built-in Reed Solomon calculation circuits which enabled correct 4-address, and detect
error more than 5-address
(25) SPI controller: 1 channel
e  Supports SPI mode of SD card and MMC card
e Built-in FIFO buffer of 32 bytes to each Input/Output

(26) Product/Sum calculation: 1 channel
e  Supports calculation 32 x 32 + 64 = 64 bits, 64 — 32 x 32 = 64 bits and 32 x 32 — 64 =64 bits
e I/O method
e  Supports Signed calculations
(27) Standby function
e  Three Halt modes: IDLE2 (programmable), IDLE1, STOP
o Each pin status programmable for standby mode
e  Built-in power supply management circuits (PMC) for leakage current provision
(28) Clock controller

e Two blocks of clock doubler (PLL) suppliés 48 MHz for USB and 80 MHz for CPU from 10
MHz

o  (Clock gear function: Selectable high-frequency clock fc to fc/16
e Clock for Timer (fs = 32.768 kHz)
(29) Operating voltage:
e 2 power supplies (Internal power supply (1.4 to 1.6 V), External power supply (3.0 to 3.6 V)

(30) Package
o 176-pin LQFP: LQFP176-P-2020-0.40F
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Figure 1.1 Block Diagram of TMP92CF29A
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2.

Pin Assignment and Pin Functions

The assignment of input/output pins for TMP92CF29A, their names and functions are as

follows;

2.1

Pin Assignment Diagram (Top View)

Figure 2.1.1 shows the pin assignment of the TMP92CF29A.
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Figure 2.1.1 Pin assignment diagram (P-FBGA228)
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2.2 Pin names and Functions

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

Table 2.2.1 Pin names and functions (1/6)

Pin name Num_ber ffe] Functions
of Pins

DO to D7 8 1/0 Data: Data bus DO to D7
P10 to P17 8 I/0 Port 1: I/0O port input or output specifiable in units of bits
D8 to D15 I/0 Data: Data bus D8 to D15
P40 to P47 8 Output Port 4: Output port
AO to A7 Output Address: Address bus AO to A7
P50 to P57 8 Output Port 5: Output port
A8 to A15 Output Address: Address bus A8 to A15
P60 to P67 8 I/0 Port 6: 1/0O port input or output specifiable in-units-of bits
A16 to A23 Qutput Address: Address bus A16 to A23
P70 1 Output Port 70: Output port
RD Output Read: Outputs strobe signal to read external memory
P71 1 I/10 Port 71: Output port
WRLL Output Write: Outputs strobe signal for writing-data on pins DO to.D7
NDRE Output NAND Flash read: Outputs strobe signal to read externa NAND-Flash
P72 1 I/0 Port 72: 1/0 port
WRLU OQutput Write: Outputs strobe signal for writing data on pins D8to. D15
NDWE Output NAND Flash write: Write .enable for NAND Flash
P73 1 I/0 Port 73: /0 port
EA24 Output Expanded address 24
P74 1 I/0 Port 74: 1/0_port
EA25 Output Expanded address 25
P75 1 I/0 Port 75:1/0 port
R/W Output Read/Write: “High” represents read or dummy cycle; “Low” represents write cycle
NDR/B Input NAND Flash Ready(1) / Busy(0) input
P76 1 I/0 Port 76:1/0 port
WAIT Input Wait: Signal used to request-CPU bus wait
P80 1 Output Port 80: Output port
CS0 Output Chip select 0: Outputs “LLow™when address is within specified address area
P81 1 Qutput Port 81: Output port
cs1 Output Chip select 1: Outputs “Low” when address is within specified address area
SDbCs Output Chip select for SDRAM: Outputs “Low” when the address is within SDRAM address area
P82 1 Output Port 82: Output port
cs2 Output Chip select 2: Outputs “Low” when address is within specified address area
CSZA Output Expanded address ZA: Outputs “Low” when address is within specified address area
SbCs Output Chip select for SDRAM: Outputs “Low” when the address is within SDRAM address area
P83 1 Output Port-83:-Qutput port
cs3 Output Chip select 3: Outputs “Low” when address is within specified address area
CSXA Output Expanded address XA: Outputs “Low” when address is within specified address area
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Table 2.2.1 Pin names and functions (2/6)

Pin name Num.ber I/O Functions
of Pins

P86 Output Port 86: Output port

CSzD 1 Output Expanded address ZD: Outputs “Low” when address is-within specified address area
NDOCE Output Chip select for NAND Flash 0: Outputs “Low” when NAND.Flash 0 is enable
P87 Output Port 87: Output port

CSXB 1 Output Expanded address XB: Outputs “Low” when address is within specified address area
NDICE Output Chip select for NAND Flash 1: Outputs “Low” when NAND Flash-1 is enable
P90 1/0 Port 90: I/O port
TXDO 1 Output Transmit data for serial 0: programmable Open-drain output
TXD1 Output Transmit data for serial 1. programmable Open-drain-output
P91 1/0 Port 91: I/O port (Schmitt-input)
RXDO 1 Input Receive data for serial 0
RXD1 Input Receive data for serial 1
P92 I/0 Port 92: I/O port (Schmitt-input)
SCLKO I/0 Clock I/O for serial 0

CTSO 1 Input Enable to send data for serial 0 (Cléar to)send)
SCLKO I/0 Clock I/O for serial 1

CTSO Input Enable to send data for serial 1 (Clear to send)
P96 1 Input Port 96: Input port (schmitt-input, with pull-up resistor)
INT4 Input Interrupt request pin 4:Interrupt request pin with programmable rising/falling edge
PX Output X-Plus: Pin connected to X+ pin for Touch Screen-|/F
P97 1 Input Port 97: Input port (schmitt input)
PY Output Y-Plus: Pin connected to Y+ pin for, Touch Screen.|/F
PAO to PA7 8 Input Port AO to A7: Input port
KI0 to KI7 Input Key input 0-to.7: Pin-used for key on.wake-up 0'to 7 (Schmitt-input, with pull-up resistor)
PCO 1 1/0 Port CO: I/O port (Schmitt-input)
INTO Input Interrupt request pin 0: Interrupt request pin with programmable rising/falling edge
PC1 1/0 Port C1: I/O port (Schmitt-input)
INT1 1 Input Interrupt request pin 1: Interrupt request pin with programmable rising/falling edge
TAOIN Input Timer A0 input: Input pin for 8 bit.timer 0
PC2 1 /O Port C2: I/O port (Schmitt-input)
INT2 Input Interrupt request pin 2: Interrupt request pin with programmable rising/falling edge
PC3 I/O Port C3: /O port. (Schmitt-input)
INT3 1 Input Interrupt request pin-3: Interrupt request pin with programmable rising/falling edge
TA2IN Input Timer A2 input:_Input pin for 8 bit timer 2
PC4 1/0 Port C4: /O port
EA26 1 Output Expanded address 26
SPDI Input Data input pin for SD card
PC5 1/0 Port C5: I/0 port
EA27 1 Output Expanded address 27
SPDO Output Data output pin for SD card
PC6 1/O Port C6:/1/0 port
EA28 1 Output Expanded address 28
SPCLK Output Clock output pin for SD card
PC7 1 1/0 Port C7: 1/0 port
KO8 Output Key output 8: Key scan strobe pin (programmable Open-drain output)
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Table 2.2.1 Pin names and functions (3/6)
Pin name Num.ber I/0 Functions
of Pins

PFO 1 I/0 Port FO: 1/O port

I2S0CKO Output Outputs clock for I°SO
PF1 1 I/0 Port F1: I/O port

12S0DO Output | Outputs data for 1°S0O
PF2 1 I/0 Port F2: 1/0O port

I2SOWS Qutput Outputs word select signal for 12S0
PF7 1 Output Port F7: Output port
SDCLK Output Clock for SDRAM

PGO to PG1 2 Input Port GO to G1: Input port
ANO to AN1 Input Analog input pin 0 to 1: Input pin for AD converter
PG2 Input Port G2: Input port
AN2 1 Input Analog input pin 2: Input pin for AD converter

MX Output X-Minus: Pin connected to X- pin for Touch Screen I/F
PG3 Input Port G3: Input port
AN3 1 Input Analog input pin 3: Input pin for ‘A/D/converter

MY Output Y-Minus: Pin connected to Y- pin for Touch Screen I/F
ADTRG Input AID Trigger: Request signal for A/D start

PG4 to PG5 2 Input Port G4 to G5: Input port
AN4 to AN5S Input Analog input pin 4 to 5:Input pin for A/D converter
PJO Output Port JO: Output port

SDRAS 1 Output Outputs strobe signal for SDRAM row address
SRLLB Output Data enable signal for DO to D7 for SRAM

PJ1 Output Port J1: Output port

SDCAS 1 Output Outputs/strobe signal for SDRAM column address
SRLUB Qutput Data enable signal for D8 to D15 for SRAM

PJ2 Output Port J2: Output port

SDWE 1 Output Outputs write enable signal for SDRAM

SRWR Output Write enable for SRAM: Outputs strobe signal to write data
PJ3 1 Output Port-J3: Output port
SDLLDQM QOutput Data enable signal for DO-to D7 for SDRAM

PJ4 1 Output Port J4: Output port
SDLUDQM Output Data enable signal for. D8 to-D15 for SDRAM

PJ5 1 I{e] Port J5: 1/0 port

NDALE Output Address latch enable signal for NAND Flash

PJ6 1 I/0 Port J6: 1/0 port

NDCLE Output Command latch enable signal for NAND Flash

PJ7 1 Qutput Port J7; Output port
SDCKE Qutput Clock enable signal for SDRAM
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Table 2.2.1 Pin names and functions (4/6)

Pin name Num.ber I/O Functions
of Pins
PKO 1 Output Port KO: Output port
LCPO Output Signal for LCD driver
PK1 1 Output Port K1: Output port
LLOAD Output Signal for LCD driver: Data load signal
PK2 1 Output Port K2: Output port
LFR Output Signal for LCD driver
PK3 1 Output Port K3: Output port
LVSYNC Output Signal for LCD driver: Vertical sync signal
PK4 1 Output Port K4: Output port
LHSYNC Input Signal for LCD driver: Horizontal sync signal
PK5 1 Output Port K5: Output port
LGOEO Output Signal for LCD driver
PK6 1 Output Port K6: Output port
LGOE1 Output Signal for LCD driver
PK7 1 Output Port K7: Output port
LGOE2 Output Signal for LCD driver
PLO to PL7 8 1/0 Port LO to L7: I/O port
LDO to LD7 Output Data bus for LCD driver:LD0to LD7
PM1 Output Port M1: Output port
TAL1OUT 1 Output Timer Al output: Output pin for 8 bit timer 1
MLDALM Output Melody / Alarm-output pin
PM2 Output Port M2: Output port
ALARM 1 Output Alarm output from RTC
MLDALM Output Melody / Alarm output pin (inverted)
PM7 Output Port M7: Output’ port
PWE 1 Output External power-supply control output: Pin to control ON/OFF for external power supply. In
stand-by maode, outputs “L” level In other than stand-by mode, outputs “H” level
PNO to PN7 8 I/0 Port N:-1/O port
KOO to KO7 Output Key output O to 7: Key scan-strobe pin (programmable Open-drain output)
PP3 110 Port P3: 1/0O port (Schmitt-input)
INT5 Input Interrupt request pin 5: Interrupt request pin with programmable rising/falling edge
TA70UT 1 Output Timer A7 output:-Output‘pin.for 8 bit timer 7
TXDO Output Transmit data for serial 0: programmable Open-drain output
TXD1 Output Transmit data for-serial 1 programmable Open-drain output
PP4 110 Port P4: 1/O port- (Schmitt-input)
INT6 Input Interrupt request pin 6: Interrupt request pin with programmable rising/falling edge
TBOINO 1 Input Timer BO input: Input pin for 16 bit timer 0
RXDO Input Receive data for serial 0
RXD1 Input Receive data for serial 1
PP5 /O Port P5: 1/0O port (Schmitt-input)
INT7 Input Interrupt request pin 7: Interrupt request pin with programmable rising/falling edge
TB1INO Input Timer B1 input: Input pin for 16 bit timer 1
SCLKO 1 110 Clock I/O for serial 0
CTSO0 Input Enable to send data for serial 0 (Clear to send)
SCLK1 110 Clock /O for serial 1
CTs1 Input Enable to send data for serial 1 (Clear to send)
PP6 1 Output Port P6: 1/O port
TBOOUTO Output Timer BO output: Output pin for 16 bit timer O
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TOSHIBA TMP92CF29A
Table 2.2.1 Pin names and functions (5/6)
Pin name Num.ber I/O Functions
of Pins
PRO 1 I/0 Port RO: I/0 port
SPDI Input Data input pin for SD card
PR1 1 I/0 Port R1: I/O port
SPDO Output Data output pin for SD card
PR2 1 I/0 Port R2: 1/0 port
SPCS Qutput Chip select signal for SD card
PR3 1 I/0 Port R3: 1/0 port
SPCLK Output Clock output pin for SD card
PTO to PT7 8 110 Port TO to T7: I/O port
LD8 to LD15 Output Data bus for LCD driver: LD8 to LD15
PV6 1 I/0 Port V6: 1/O port
SDA I/0 Send/receive data at I°C mode
Pv7 1 I/0 Port V7: 1/O port
SCL I/0 Input/output clock at I°C mode
PX4 Output Port X4: Output port
CLKOUT 1 Output Internal clock output pin
LDIV Qutput Output pin for LCD driver
PX5 I/0 Port X5: 1/O port
X1USB 1 Input Clock input pin for USB
X1D4 Qutput Direct clock output pin
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Table 2.2.1 Pin names and functions (6/6)

Pin name Num'ber I/O Functions
of Pins
USB-data connecting pin
D+, D- 2 1/0 Connect pull-up(DVCC3A) or pull-down resistor to both pins to avoid through current when
USB is not in use.
TEST 1 Input TEST pin. Usually fix to “H” level.
Operation mode;
Fix to AM1 = “0",AMO = “1" for 16 bit external bus starting
AM1,AMO 2 Input Fix to AM1 = “1",AMO = “0” is prohibit to set
Fix to AM1 = “1",AMO = “1” for BOOT (32 bit internal Mask ROM) starting
Fix to AM1 = “0",AMO = “0” is prohibited to set
X1/X2 2 1/0 High-frequency oscillator circuit connection pin
XT1/XT2 2 1/0 Low-frequency oscillator circuit connection-pin
RESET 1 Input Reset: Initialize TMP92CF29A (Schmitt-input , with pull-up resistor)
VREFH 1 Input Pin for reference voltage input to AD-converter(H)
VREFL 1 Input Pin for reference voltage input to AD'converter(L)
AVCC 1 — Power supply pin for AD converter
AVSS 1 - GND pin for AD converter (0V)
DVCC3A 8 B Power sgpply pin for peripheral I/O-A/(All DVCC3A pins should be connected to the power
supply pin)
Power supply pin forinternal logic-A (All DVCC1A pins should be connected to the power
DVCC1A 4 - .
supply pin)
DVCC1B 1 — Power supply pin for internal logic-B_(Keep-the voltage DVCC1A level )
DVSSCOM 8 - GND pin (OV) (Al DVSS pins should be connected to GND(OV) )
DVCC1C 1 — Power supply pin for High speed oscillator (Keep the voltage DVCC1A level )
DVSS1C 1 — GND pin (0V) (DVSS1C pin should be connected to GND(0V) )

Table 2.2.2 shows the range of operational voltage for power supply pins.

Table 2.2.2 the range of/operational voltage for power supply pins

Range of
Power supply pin operational
voltage
DVCC1A
DVCC1B 1.4V~1.6V
DVCC1C
DVCC3A
ccs3 3.0V~3.6V
AVCC
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3. Operation

This section describes the basic components, functions and operation of the TMP92CF29A.

3.1 CPU
The TMP92CF29A contains an advanced high-speed 32-bit CPUATLCS-900/H1 CPU)

3.1.1 CPU Outline

The TLCS-900/H1 CPU is a high-speed, high-performance CPU based on the
TLCS-900/LL1 CPU. The TLCS-900/H1 CPU has an expanded 32-bit internal data bus to
process Instructions more quickly.

The following is an outline of the CPU:

Table 3.1.10utline of TMP92CF29A

Parameter TMP92CF29A
Width of CPU Address Bus 24-bit
Width of CPU Data Bus 32-bit
Internal Operating Frequency Max 80 MHz
Minimum Bus Cycle 1-clock access (12.5ns at 80 MHz)
Internal RAM 32-bit 2-1-1-1 clock access
Internal Boot ROM 32-hit' 2-clock access
Internal 1/0 8-hit; INTC,SDRAMC,
2-clock-access MEMC,LCDC,
TSI,PORT,PMC
16-bit, MMU,USB,
2-clock access NDFC,SPIC,DMAC
32-bit, s
2-clock access
32-hit,
1-clock access MAC
8-bit, TMRA,TMRB,
5'to 6-clock access SIO,RTC,
MLD/ALM, SBI
CGEAR,ADC,WDT
External memory 8/16-bit 2-clock access
(SRAM, MASKROM etc.) (waits can be inserted)
Exte(?;:?r'::\eﬂr;\ory 16-bit 1-clock access
External memory 8/16-bit 2-clock access
(NAND FLASH) (waits can be inserted)
Mlnlmum. SEUsQon 1-clock (12.5ns at 80 MHz)
Execution Cycle
Conditional Jump 2-clock (25.0ns at 80 MHz)
Instruction Queue Buffer 12-byte
Instruction Set Compatible with TLCS-900/L1
(LDX instruction is deleted)
Micro DMA 8-channel
Hardware DMA 6-channel
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3.1.2

Reset Operation

When resetting the TMP92CF29A microcontroller, ensure that the power supply voltage
is within the operating voltage range, and that the internal high-frequency oscillator has
stabilized. Then hold the RESET input Low for at least 20 system clocks (32us at
X1=10MHz).

At reset, since the clock doublers (PLLO) is bypassed and the clock-gear is set to 1/16, the
system clock operates at 625 kHz(X1=10MHz).

When the Reset has been accepted, the CPU performs the following. CPU internal
registers do not change when the Reset is released.

Sets the Stack Pointer (XSP) to 00000000H.

Sets bits <IFF2:0> of the Status Register (SR) to “111” (thereby setting the Interrupt Level
Mask Register to level 7).

Clears bits <RFP1:0> of the Status Register to “00” (thereby selecting Register Bank 0).

When the Reset is released, the CPU starts executing instructions according to the
Program Counter settings.

Sets the Program Counter (PC) as follows in accordance with-the Reset Vector stored at
address FFFFOOH~FFFF02H:

PC<7:0> < data in location FFFFOOH
PC<15:8> <« data in location FFFF01H
PC<23:16> <« datain location FFFF02H

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

e Initializes the internal I/O-registers as table of “Special Function Register” in Section 5.

Notel: This LSI builds in-RAM internally. However, the datain internal RAM may not be held by Reset operation. After
reset, initialize the'data.in internal RAM.

Note2: This LSI builds in PMC function (for reducing stand-by current by blocking the power supply of DVCC1A and
DVCCI1C). However;.if executing‘reset operation without supplying DVCC1A and DVCCI1C, the current may flow
to internal. When reset this LSI, supply-the power of DVCC1A and DVCCIC first and wait until the power supply
stabilizes.

Figure 3.1.1 shows reset timing chart. Figure 3.1.2 shows the example of order of

supplying power and the timing of releasing reset.
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Figure 3.1.1 TMP92CF29A Reset timing chart
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This LSI has the restriction for the order of supplying power. Be sure to supply external
3.3V power with 1.5V power is supplied.

When Powering on Power Cut Mode (PMC) When Powering off
1 1

(G
DVCCI1A
— {
1.5V DVCC1B
Power e %
DvCCiC pd ))
Power should rise and
stabilizes withir|1 100 ms.

1

1

1.5-V rails should be X
1 I

I

I

1

turned on first, <<
//

followed by the 3.3-V
rails.
DVCC3A

N

NG

3,3-V rails should be

turned off first, followed by
1

th:e 1.5-V rails.

Power should fall and
1
stabilions within-100-ms:.

—
]

3.3V i i i : 5

Power ! ! ) : '
AVCC | / i \\

E E Hiqh-frequency Oscilleﬁltion Stabilizing Tillrne E E

! ! +20 system clock cycles : ! ! !

- A L

1 1 le——] : : ! :

= VARG

PWE terminal i / .

Notel: Although itis possible to turn on or off the-1.5-V and 3.3-V power supply rails simultaneously, it may cause
external pins to temporarily become unstable. Therefore, if there is any possibility that this would affect
peripheral devices connected with the TMP92CF29A, external power supplies should be turned on or off while
the internal power supplies are stable, as indicated by the heavy lines in the diagram above.

Note2: In'the power-on sequence, the 3.3-V power supply rails must not be turned on before the ones of 1.5-V . In the

power -off sequence, the 3.3-V-power supply rails must not be turned off after the ones of 1.5-V.

Figure 3.1.2 Power on Reset Timing Example
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3.1.3

Setting of AMO and AM1

Set AM1 and AMO pins as shown in Table 3.1.2 according to system usage.

Table 3.1.2 Operation Mode Setup Table

Mode Setup input pin

Operation Mode

RESET AM1 AMO
0 1 16-bit external bus starting
1 0 Test mode (Prohibit to'set)
_/_ 1 1 BOOT(32-bit internal-MROM) starting
(BOOT mode)
0 0 Test mode (Prohibit to set)

92CF29A-16
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3.2

Memory Map

Figure 3.2.1 is a memory map of the TMP92CF29A.

000000H

000100H
001FFOH
002000H
010000H

021FFFH

046000H

04A000H

3FEOOOH
400000H

FOOOO0OH

F10000H

FFEFQOH
FFFFFFH

D
Internal 1/0 Direct area(n)
(8 Kbyte)
64Kbyte area
(nn)
Internal RAM
(128 Kbyte)

(Internal Back Up RAM 16Kbyte)

External memory

Internal BOOT ROM (8Kbyte)

Don't access area (Note2)

16Mbyte area

External memory (R)
R)
(R+)
(R + R8/16)
(R +d8/16)

Provisional Emulator,Control Area (Note1) (nnn)
(64Kbyte)
External memory
Vector table (256 Byte) | _— (Note2)

( |:| Internal area)

Figure 3.2.1 Memory Map

Notel: If using an emulator, an optional 64 Kbytes of the 16M bytes area is used for emulator control. Therefore, if

using an emulator, this area-cannot be used.
Note2: Do not use/the 144K byte area (022000H to 045FFFH) and the last 16-byte area (FFFFFOH to FFFFFFH).

This area is reserved as.internal area.
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3.3 Differences between the TMP92CZ26A/CF26A and the TMP92CF29A

The TMP92CF29A is a lower pin-count version of the TMP92CF26A with fewer functions
(there are some added functions).

Sections 3.3.1 through 3.3.13 describe the functions that are deleted or newly added to the
TMP29CF29A. There are no major differences in AC/DC characteristics. For details, refer to the
chapter “Electrical Characteristics”.

3.3.1 DSU Circuit Deleted

The TMP92CF29A does not support the DSU function, which is available in the
TMP92CZ26A/CF26A.

The development environment is offered with the TMP92CF26AXBG. (The DSU function
is used and a pin conversion is required.) Therefore, functions that are modified or newly
added to the TMP92CF29A cannot be debugged with development tools. (Please use the
actual device or a ROM emulator to debug the TMP92CF29A.)

3.3.2 Internal I/0O Functions Deleted and Modified

[Deleted function]

The TMP92CF29A has only one I2S channel (Channel 0), whereas the
TMP92CZ26A/CF26A has Channels Oand 1. When using the TMP92CF29A, therefore,
do not access the addresses where special-function registers for this deleted function
have been mapped. For details, see the Table of Special Function Registers (SFRs).

[Modified function 1]
The SIO channel (SIO1) is newly added to the TMP92CF29A with its control
registers. For details, see Table 3.3.1.
[Modified function 2]
There are some modifications to the port control method (multiplexed pin settings)

and associated registers. If an ICE using the TMP92CF26A is used for development

and’debugging modified and added registers cannot be debugged. For details, see Table
3.3.1.

3.3.3 Port Pins Deleted

In’ the TMP92CF29A; the following port pins are deleted as opposed to the
TMP92CZ26A/CF26A.
e DBGE: Debugenable pin (The DSU function is not available.)
e (Port 8. P84 /(cszB), P85 (CSzC)
e PortF: PF3 (I2S1CKO), PF4 (12S1DO0), PF5 (1I2SWS)
e Port P+ 'PP7 (TB10UTO), PP2 (TA50UT), PP1 (TA30UT)
e Port U: PUO to PU7 (LD16 to LD23)
e PortV: PVO, PV1, PV2, PV3, PV4
e Port W: PWO to PW7
Port X: PX7
Port Z: PZ0 to PZ7
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3.3.4 Maximum Memory Size Accessible with the MMU Function Reduced

With the deletion of the P84 (CSZB) and P85 (CSZC ) pins, the maximum memory size that
can be expanded with the MMU function is reduced, resulting in a reduced number of usable
banks. In the TMP92CZ26A/CF26A the total expandable memory size is 3.1 Gbytes, which is
reduced to 2.1 Gbytes in the TMP92CF29A. Accordingly, the number of banks in the Z area is
reduced from 512 banks to 256 banks.

If an ICE using the TMP92CF26A is used for development and debugging, be careful
about registers and banks which are available in the TMP92CF26A but do not exist in the
TMP92CF29A. For details, see the chapter on the MMU function.

3.3.5 One of the I>S Channels Deleted and I°S Function Modified

[Deleted function]

The TMP92CF29A has only one I2S channel (Channel 0), whereas the
TMP92CZ26A/CF26A has Channels 0 and 1,

[Modified function]

The monophonic data output format of the I2S function is modified as shown below.

TMP92CZ26A/CF26A monophonic data output (I2S format)

Data is output from either right or left channel.

R)i@t Left
Y- N\ I
12SnWS _’ ..........
izsncko LITLILS) SpipNpPaipipE NN iply
JEE R B -
2S00 XXX X XX
. 1'st data 2'nd data

TMP92CF29A monophonic-data output (I2S format)
Identical data is output from both right and left channels.

> A ~ A ~
12SnWS _] ..........
2sncko LI LML T e S e U UL
mem e = e e e === -> f—— -
12SnDO %F_M_ — XXX
U J \ J
. 1'st data 1’s\t(data 2'nd data

If an ICE using the TMP92CF26A is used for development, data is output from only
one channel in monophonic mode. For details, see the chapter on the I2S Interface.
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3.3.6

3.3.7

3.3.8

3.3.9

TEST Pin Added

In the TMP92CF29A, the TEST pin is newly added. This pin must always be fixed to
high level.

Port L Function Added

Port L is an output-only port in the TMP92CZ26A/CF26A, whereas the TMP92CF29A
allows Port L to be used as an input or output. In the TMP92CF29A, Port L is set as an
input immediately after a system reset. If an ICE using the/ TMP92CF26A is used for
development and debugging, this new function cannot be used.

X1D4 Pin Added

In the TMP92CF29A, a new Port PX5 function is added for outputting a clock that is
1/1, 1/2, 1/4 or 1/8 of the oscillation frequency of the X1 and X2 pins. If an ICE using the
TMP92CF26A is used for development and debugging, this function cannot, be used.

SPI Controller Function Added

In the TMP92CZ26A/CF26A, the SPI control signals are multiplexed with Port PR. In
the TMP92CF29A, the SPI control signals are multiplexed with Port PR and Port PC
(excluding the SPCS signal). If an ICE using the TMP92CF26A is used for development

and debugging, registers asociated with the following new functions cannot be debugged.
+ Output the SPCLK signal from the PC6 pin

+ Output the SPDO signal from the PC5 pin
+ Input the SPDI signal from the PC4 pin

For details, refer to the chapter on the SPI controller.

TMP92CZ26A/CF26A TMP92CF29A
SPCLK @J] PR3 SPCLK ‘)H] PR3 or PC6
spcs —[] PR2 spcs —f{]1 Pr2
SPDO —[ ] pR1 SPDO —[ ]  PR1orPC5
sPbI <] PRO SPDI <L 1  PROorPC4
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3.3.10 LCD Controller Functions Added and Deleted

LCDMODEO
(0280H)

LCDMODEO
(0280H)

[Deleted functionl]

In the TMP92CZ26A/CF26A, up to 16M colors are supported for TFT LCDs. In the
TMP92CF29A, up to 64K colors are supported because the number of bus lines
dedicated to the LCDD is reduced from 24 to 16.

[Modified function]

The TMP92CF26A supports TFT monochrom panels, which arenot supported in the
TMP92CZ26A/CF26A. However, if an ICE using the TMP92CF26A is used for
development and debugging, registers associated with this /new function cannot be
debugged.

*TFT monochrome function

For details, refer to the chapter on the LCD controller.

Comparison of the LCD Control Registers

TMP92CZ26A/CF26A: LCDMODERQO register

7 6 5 4 3 2 1 0
Bit Symbol RAMTYPE1 [ RAMTYPEO | SCPW1 SCPWO0 MODE3 MODE2 MODE1 MODEO
Read/Write R/W
Reset State 0 | 0 1 | 1 0 | 0 | 0 | 0
Function Display RAM LD bus MODE selection
00: Internal RAM transmission speed 0000: Reserved 1000: STN 64K color
01: External SRAM SCPW2=0 0001: SR monochrome 1001: Reserved
10: SDRAM 00: 2-clk 0010: SR 4Gray 1010: TFT 256 color
11: Reserved 01: 4-clk 0011: Reserved 1011: TFT 4096 color
10: 8-clk 0100: SR 16Gray 1100: TFT 64K color
11: 16-clk. [ 0101: SR 64Gray 1101: TFT 16M, 256k
SCPW2=1 0110: STN 256 color  1110: Reserved
00: 6-clk 0111: STN 4096 color 1111: Reserved
01: 12-clk
10:24-clk
11: 48-clk
TMP92CF29A: LCDMODEQ register
7 6 5 4 3 2 1 0
Bit Symbol RAMTYPE1 | RAMTYPEO | SCPW1 SCPWO MODE3 MODE2 MODE1 MODEO
Read/Write R/W
Reset State o | o 1 | 1 o | o | o [ o
Function Display RAM LD bus MODE selection
00: Internal RAM transmission speed 0000: Reserved 1000: STN 64K color
01: External SRAM SCPW2=0 0001: SR monochrome 1001: Reserved
10: SDRAM 00: 2-clk 0010: SR 4Gray 1010: TFT 256 color
11: Reserved 01: 4-clk 0011: Reserved 1011: TFT 4096 color
10: 8-clk 0100: SR 16Gray 1100: TFT 64K color
11: 16-clk [0101: SR 64Gray 1101: Reserved
SCPW2=1 0110: STN 256 color  1110: TET monochrome
00: 6-clk 0111: STN 4096 color 1111: Reserved
01: 12-clk
10: 24-clk
11: 48-clk

92CF29A-21

2009-06-11



TOSHIBA TMP92CF29A

3.3.11 SIO Channel Added and SIO Function Modified

[Added function]
In the TMP92CZ26A/CF26A only one SIO channel is available, whereas the
TMP92CF29A has two SIO channels. However, if an ICE using the TMP92CF26A is
used for development and debugging, the newly added Channel 1 cannot be debugged.

[Modified function]
Each of the two SIO channels can be connected to the P90, P91 and P92 pins or the
PP3, PP4 and PP5 pins. However, if an ICE using the TMP92CF26A is used for
development and debugging, this modified port switching function cannot be debugged.
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3.3.12 Interrupt Sources Deleted and Modified

[Deleted function]
As the number of I2S channels is reduced from two channels to one channel, the
corresponding interrupt vector is deleted.

[Modified function]

As the number of SIO channels is increased from one channel to two channels, the
interrupt vectors for SIO1 serial receive end and SIO1 serial transmission end are
added in the TMP92CF29A. However, if an ICE using the TMP92CF26A is used to
development and debugging, this modified interrupt function/cannot be debugged.

TMP92CF29A Interrupt Vectors and Micro DMA/HDMA Start Vectors

Default . Vector Vector Micro DMA
o Type Interrupt Source/Micro DMA Request Source Reference . [/HDMA Start

Priority Vajue Address Vector

1 Reset or [SWI0] instruction 0000H FFFFOOH

2 [SWI1] instruction 0004H FFFFO4H

(Omitted) (Omitted)

40 INTI2SO: IS (Channel 0) 009CH FFFFICH 27H

41 (Reserved) - - -

42 Non INTADM: AD monitor function 00A4H FFFFA4H 29H

43 maskable INTSBI: SBI 00A8H FFFFA8H 2AH

44 INTSPIRX: SPIC receive 00ACH FFFFACH 2BH

45 INTSPITX: SPIC transmission 00BOH FFFFBOH 2CH

46 INTRSC: NAND Flash controller 00B4H FFFFB4H 2DH

47 INTRDY: NAND Flash-controller 00B8H FFFFBSH 2EH

48 INTUSB: USB 00BCH FFFFBCH 2FH

49 INTRX1: Serial-receive end 00COH FFFFCOH 30H

50 INTTX1: Serial'transmission end 00C4H FFFFC4H 31H

3.3.13 Pull-Up Control Port for USB Boot Maodified

To boot from the on-chip boot ROM via USB, the control signal for pulling up the D+ pin
is.required. In the TMP92CZ26A/CF26A, Port PUG6 is used for this purpose, whereas the
PP6 pin-is used in the TMP92CF29A.
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Table 3.3.1

summarizes

the differences between the

TMP92CF29A. For details, refer to the chapter on each functional block.

Table 3.3.1 Differences between the TMP92CZ26A and the TMP92CF29A

TMP92CZ26A and the

Iltem TMP92CZ26A TMP92CF29A Note
RAM 288 KB 144 KB
ROM 8 KB (BOOT) 8 KB (BOOT)
Package FBGA228-P-1515-0.80A LQFP176-P-2020-0.40F
Pin count 228 176
DSU Supports Not supports Development'tools'using the TMP92CZ26 are
offered.
10 pins/are deleted: DBGE , PZ0 to PZ7, PU7 -10
12S 2 channels 1 channel Channel .1 are deleted
3 pins are deleted: PF3 (12S1CKO,; X1D4),
PF4 (12S1D0O), PF5 (12S1WS) -3
8-bit timer 8 channels 8 channels 2 pins-deleted: PP1(TA30UT), PP2 (T50UT) -2
SIO 1 channel 2 channels The newly added channel cannot be debugged with
development tools.
16-bit timer 2 channels 2 channels 1 pin is deleted: PP7(TB1OUTO) -1
LCDC TFT 16M colors TFT 64k colors LD bus lines are reduced from'24 lines to 16 lines -7
7 pins are deleted: PUO(LD16) to PU7(LD23)
(Deletion of PUY is already counted with the DSU.)
The LCDC cannot be used in 32-bit bus mode.
General- P84/ CSZB Deleted 15 port pins are’deleted -16
pyrpose port P85/ CSZC Deleted
pins
PVO Deleted
PV1 Deleted
PV2 Deleted
PV3 Deleted
PV4 Deleted
PX7 Deleted
PWO to PW7 Deleted
Power supply | DVCC3A 12 DVCC3A 8 10 power supply pins deleted -10
pins DVCC3B 1 DVCC3B 0
DVCC1A 5 DVCC1A 4
DVCC1B 1 DVCC1B1
DVCCi1C 1 DVCCiC1
DVCC1S1 DvCC1S-1
DVSSCOM 12 DVSSCOM 8
Dummy 4 pins None 4 dummy pins are deleted -4
TEST Not supports Adds The TEST pin is added +1
TOTAL 228-pin BGA — 176-pin QFP
(A total of 52 pins are deleted) -52

Other Specification Changes

The number of SIO channels is
increased to two channels.

In the TMPCZ26A/CF26A only one SIO channel is available, whereas the TMP92CF29A has two
SIO channels. However, the added SIO function cannot be debugged with development tools.

The X1D4 pin is added. The X1D4 pin can be used to output x1, x1/2, x1/4 or x1/8 of the external clock according to the
CPU state (in NORMAL, IDLE1 and IDLE2 modes). However, this function cannot be debugged

with development tools.

The LCDC supports
monochrome TFT panels.

The LCDC of the TMP92CF29A supports monochrome TFT mode. However, this new function
cannot be debugged with development tools.

SPI output can be made from
either of two pins.

As in the case of the TMP92CZ26A/CF26A, the TMP92CF29A has only one SPI channel, but the
output pin can be selected from two pins. However, this new function cannot be debugged with
development tools.
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3.4 Clock Function and Standby Function

The TMP92CF29A contains (1) clock gear, (2) clock doubler (PLL), (3) standby controller and

(4) noise reduction circuits. They are used for low-power, low-noise systems.

This chapter is organized as follows:

3.4.1
3.4.2
3.4.3
3.4.4
3.4.5
3.4.6

Block diagram of system clock

SFR

System clock controller
Clock doubler (PLL)
Noise reduction circuits

Standby controller
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The clock operating modes are as follows: (a) PLL-OFF Mode (X1, X2 pins only),
(b) PLL-ON Mode (X1, X2, and PLL).

Figure 3.4.1 shows a transition figure.

IDLE2 mode
(I/O operate)

instruction

e
\

instruction

IDLE1 mode
(Operate only oscillator)

| interrupt_—1

Reset
(fosch/16)
l release Reset
instruction
PLL-OFF mode -
interrupt

(foscH/gear value)

(@) PLL-OFF mode transition figure

Reset
(foscH/16)

IDLE2 mode
(I/O operate)

instruction

l release Reset

e
\)

instruction

IDLE1 mode
(Operate only oscillator)

PLL-OFF mode instruction

STOP mode
(Stops-all circuits)

interrupt

(foscH/gear value)

| interrupt —

IDLE2 mode
(I/O operate)

o
interip——

instruction

Instruction (Note)

instruction

IDLE1 mode

(Operate only oscillator) | MteIURl—

(b) PLL-OFF , PLL-ON mode transition figure

((12 or 16)xfoscH/gearvalue)

PLL-ON mode

STOP mode
(Stops all circuits)

Note 1: When shifting from PLL-ON mode-to PLL-OFF mode, execute the following setting in the same order.
(1) Change CPU clock (Set“0" to PLLCRO<FCSEL>)
(2) Stop PLL circuit (Set “0"to-PLLCR1<PLLON>)

Note 2: It is not possible to shift from PLL-ON mode to STOP mode directly.

PLL-OFF mode should be set once before shifting to STOP mode.

Figure 3.4.1 System clock block diagram

The clock frequency input from.the’X1 and X2 pins is called foscH-and-the/clock frequency input from the XT1 and XT2 pins is
called fs. The clock frequency selected by SYSCR1<GEAR2:0> is-called the system clock fsys. And one cycle of fsys is defined

to as one state.
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3.4.1 Block diag

ram of system clock

SYSCRO<WUEF>
SYSCR2<\iVUPTM1:O>

Warming up timer

(High/Low frequency oscillator circuit)

Lock up timer

SYSCRO<XTEN >

(PLL)

PLLCR1<PLLON>,

XT1[H Low frequency fs PLLCRO<LUPFG>

XT2|:|_OsciIIator circuit

fc/2

X1 [ High frequency

Clock Doubler0

(PLLO)

c/4

fsys

fc/8

x (12 orl6)

+2 | +4 | +8 |+16|

N
=

X2 D_Oscillator circuit

foscH

PLLCRO<FCSEL>

Clock Doublerl

fPLLUSB

Clock gear

fo

SYSCR1<GEAR2:0>

SYSCRO<USBCLK1:0>

(PLL1)x 24 -5

X1USB [}

fsys

fio

$TOTMR

TMRAO:7,TMRBO:1

¢TO.

l Prescaler
[

SI00

I Prescaler

l Prescaler

] A

RTC
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*—>

ADC

L]
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]

Figure 3.4.2 Block Diagram of System clock
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TMP92CF29A has two PLL circuits: one is for CPU (PLLO) and the other for USB (PLL1).
Each PLL can be controlled independently. Frequency of external oscillator is 6 to 10MHz.

Don’t connect oscillator more than 10MHz. When clock is input by using external
oscillator, range of input frequency is 6 to 10MHz.

Don’t input the clock over 10MHz.

Table 3.4.1 Setting example for foscn

Hiah frequency: System System USB
9 q y: clock: clock: clock:
foscH f ¢ f
sYs sYs USB
(2) USB in use, with PLL 10.0 MHz Max 80 MHz- | Max 60 MHz 48 MHz
(PLLO ON/PLL1 ON)
(b) USB notin use, with PLL Max 10.0 MHz Max 80 MHz | Max 60 MHz -
(PLLO ON/PLL1 OFF)
() USB notin use, without PLL Max 10.0 MHz Max'10 MHz | Max 10 MHZ -
(PLLO OFF/PLL1 OFF)

Note: When using USB, the high-frequency oscillator should be 10:0 MHz.
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3.4.2 SFR
7 6 5 4 3 2 1 0
SYSCRO | bit Symbol XTEN USBCLK1 | USBCLKO WUEF PRCK
(10EOH) | Read/write RIW RIW RIW
Reset State 1 0 | 0 0 0
Function Low Select the clock of Warm-up Select
-frequency |USB(fusg) Timer Prescaler
oscillator  |00:Disable 0: Write clock
circuit (fs) |01: Reserved Don't care 0: fsys/2
0: Stop 10: X1USB Note3 1: fsys/8
1: Oscillation |11: fpiLusB 1 Write
Start timer
0: Read
end
warm-up
1:Read
do not end
warm-up
7 6 5 4 3 2 1 0
SYSCR1 |bit Symbol GEAR2 GEAR1 GEARO
@oe1H) |Rreadiwrite RAY
Reset State 1 0 | 0
Function Select gear value of high frequency
(fc)
000+ fc
001:fc/2
010: fc/4
011:/fc/8
100: fc/16
101: Reserved
110: Reserved
111: Reserved
7 6 5 4 3 2 1 0
SYSCR2 | bit Symbol — CKOSEL || WUPTM1 | WUPTMO.| HALTM1 HALTMO
(10E2H) | Read/write R/W
Reset State 0 0 1 | 0 1 | 1
Function Always Select Warm-Up Timer HALT mode
write “0” CLKOUT 00: Reserved 00: Reserved
0: fsys 01:2%inputted frequency  |01: STOP mode
1:fs 10:2"/inputted frequency  |10: IDLE1 mode
11:2"%inputted frequency  |11: IDLE2 mode

Notel: The unassigned registers, SYSCRO<bit7><bit3><bit1>,SYSCR1<bit7:3> and SYSCR2<bit1:0> are read as

undefined value.

Note2: Low frequency oscillator circuit is'enabled on reset.

Note3: Do not write SYSCRO resiter during warming up. Because the warm-up end flag doesn’t become enable if

write “0” to SYSCRO<WUEF> bit during warming up.
(A read-modify—write-operation cannot be performed for SYSCRO register during warming up.)

Figure 3.4.3 SFR for system clock
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7 6 5 4 3 2 1 0
EMCCRO | Bit symbol PROTECT — EXTIN [ DRVOSCH | DRVOSCL
(10E3H) | Read/Write R RIW
Reset State 0 0 0 1 1
Function Protect Always 1: External/ |fc oscillator | fs oscillator
flag write “0”. clock drive ability | drive ability
0: OFF 1: NORMAL | 1: NORMAL
1: ON 0: WEAK 0: WEAK

EMCCR1 | Bit symbol
(10E4H) | Read/Write
Reset State
Function

EMCCR?2 | Bit symbol
(10E5H) | Read/Write
Reset State
Function

Switch the protect ON/OFF by writing the following.to-1°-KEY,2"-KEY
1°“KEY: write in sequence EMCCR1=5AH,EMCCR2=A5H
2"-KEY: write in sequence EMCCR1=A5H,EMCCR2=5AH

Notel: When restarting the oscillator in the stop oscillation state (e.g. Restarting the oscillator.in STOP mode), set
EMCCRO<DRVOSCH>, <DRVOSCL>= “1".

Note2: Do not write EMCCRO<EXTIN> = “1” when using external resonator.

Figure 3.4.4 SFR for system clock
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7 6 5 4 3 2 1 0
PLLCRO | bit symbol FCSEL LUPFG
(10E8H) |Read/Write RIW R
Reset State 0 0
Function Select Lock-up
fc-clock timer
0: foscH Status flag
1: fpL 0: not end
1: end
Note: Ensure that the logic of PLLCRO<LUPFG> is different from 900/L1's DFM,
7 6 5 4 3 2 1 0
PLLCR1 |bit symbol PLLO PLL1 LUPSEL PLLTIMES
(10E9H) | Read/Write RIW RIW
Reset State 0 0 0 0
Function PLLO for PLL1 for |Select Select the
CPU USB stage of number of
0: Off 0: Off Lock up PLL
1:On 1:On counter 0: %12
0: 12 stage 1.x16
(for PLLO)
1:13 stage
(for PLL1)
Figure 3.4.5 SFR for PLL
7 6 5 4 3 2 1 0
PxDR bit symbol Px7D Px6D Px5D Px4D Px3D Px2D Px1D Px0D
(xxxxH) | Read/Write RIW
System 1 1 1 1 1 1 1 1
Reset State
Hot Reset _ _ _ _ _ _ _ _
State
Function Output/Input buffer drive-register for standby-mode

(Purpose and using)

Notel: OE denotes an output enable signal before stand-by mode. Basically, PXxCR is used as OE.

This register is used to set each pin-status at stand-by mode.
All ports have registers of the format shown above. (“x” indicates the port name.)
For each register, refer to 3.7 Function of Ports.
Before “HALT” instruction is executed, set each register pin-status. They will be
effective after the. CPU has executes the “HALT” instruction.
This is the case regardless of stand-by modes (IDLE2, IDLE1 or STOP).

This is the case regardless of using PMC function. For details, refer to PMC
section.

The Output/Input-buffer control table is shown below.

OE | PxnDy| Output buffer | Input buffer
0 0 OFF OFF
0 1 OFF ON
1 0 OFF OFF
1 1 ON OFF

Note2: “n” in PxnD denotes the bit number of PORTX.

Figure 3.4.6 SFR for Drive register
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3.4.3

System clock controller

The system clock controller generates the system clock signal (fsyg) for the CPU core and
internal I/0.

SYSCRO<XEN> and SYSCRO<XTEN> control enabling and disabling of each oscillator.
SYSCR1<GEAR2:0> sets the high frequency clock gear to either 1, 2, 4, 8 or 16 (fc, fc/2, fc/4,
fc/8, fc/16). These functions can reduce the power consumption of the equipment in which
the device is installed.

The combination of settings <XEN> = “1", <SYSCK> = “0” and <GEARZ2:0> = “100" will be
PLL-OFF mode and cause the system clock (fsyg) to be set tofc/16 after reset.

For example, fsys is set to 625 kHz when the 10MHz oscillator is connected to the X1 and
X2 pins.

(1) Clock gear controller

fsys is set according to the contents of the Clock Gear Select Register SYSCR1<GEARZ2:
0> to either fc, fc/2, fc/4, fc/8 or fe/16. Using the clock gear to select a lower value of fSys

reduces power consumption.

(Example)

Changing clock gear
SYSCR1 EQU 10E1H

LD (SYSCR1),XXXXX001B 7 Changes system clock fgys to fc/2
LD (DUMMY),00H Dummy.instruction
X: don't care

(High-speed clock gear changing)

To change the clock gear, write the register value to the SYSCR1<GEARZ2:0> register. It
is necessary for the warming up time to elapse before the change occurs after writing the
register value.

There'is the possibility thatthe instruction following the clock gear changing instruction
1s executed by 'the clock gear before changing. To execute the instruction following the clock
gear switching instruction by the clock gear after changing, input the dummy instruction
as follows (instruction to execute the write cycle).

(Example)

SYSCR1 EQU 10E1H
LD (SYSCR1),XXXXX010B ; Changes fgys to fc/4
LD (DUMMY),00H ; Dummy instruction

Instruction te be executed after clock gear changed
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3.4.4  Clock doubler (PLL)

PLLO outputs the fprL clock signal, which is 12 or 16 times as fast as foscH. A low-speed
frequency oscillator can be used as external oscillator, even though the internal clock is
high-frequency.

Since Reset initializes PLLO to stop status, so setting to PLLCRO and PLLCR1-register is
needed before use.

As with an oscillator, this circuit requires time to stabilize. Thisis called the lock-up time
and it is measured by a 12-stage binary counter. Lock-up time is about 0.41ms at foscH =
10MHz.

PLL (PLL1) which is special for USB is built in. Lock-up time is' about 0.82ms at foscH =
10MHz measured by 13-stage binary counter.

Notel: Input frequency range for PLL
The input frequency range (High frequency oscillation) for PLL is as follows:
fosch = X to X MHz (Vcc = 1.4 to 1.6V)
Note2: PLLCRO<LUPFG>
The logic of PLLCRO<LUPFG> is different from 900/L1's/DFM.
Exercise care in determining theend of lock-up time.
Note3: PLLCR1<PLLO>, PLLCR1<PLL1>
It is not possible to turn ON both PLLO and PLL simultaneously.
If turning ON simultaneously, one PLL should-be turn ON after finishing the lock up-of the other PLL.

Table 3.4.2 shows the frequency of fsys when using PLIand clock gear at foscH =10MHz.

Table 3.4.2 The frequency of fsysat fosch = 10MHz

Frequency of fsys
fOSCH fPLL
fc fc/2 fc/4 fc/8 fc/16
10MHz foscn 10MHz 10MHz 5MHz 2.5MHz 1.25MHz 625kHz
x12 120MHz 60MHz 30MHz 15MHz 7.5MHz 3.75MHz
x16 /160MHZ 80MH?z 40MHz 20MHz 10MHz 5MHz
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The following is an example of settings for PLLO-starting and PLLO stopping.

(Example-1) PLLO-starting

PLLCRO EQU  10E8H
PLLCR1 EQU  10E9H
LD (PLLCRL),IXXXXXXXXB

; Enables PLLO operation and starts lock up.

}Detects end of lock-up

; Changes fc from 10 MHz to. 60 MHz.

1]

LUP: BIT 5,(PLLCRO)
JR Z,LUP
LD (PLLCRO), X2IXXXXXXB
X: Don't care
<PLLO> /
<FCSEL>

(

PLL output: fpr —‘W\M AVAVAYAYAVAVAVAVAVAVAVAVAVAY,

Lockup timer [ Counts up by fosch

/\

<LUPFG>

During lock-up (( / After lock-up

\
System clock fsys \NVANVAWAWARVWANVILNVAVAVAVAVAVAVAVAV/

Starts PLLO operation and

Starts lock-up.

(Example-2) PLLO-stopping

PLLCRO EQU 10E8H
PLLCR1 EQU 10E9H

Changes from 10MHz to 60MHz.
Ends of lock-up

LD (PLLCRO),XOXXXXXXB ; Changes fc from 60 MHz t010 MHz.
LD (PLECR1),0XXXXXXXB ;< \Stop PLL
X: Don't care
<FCSEL> \
<PLLO>

PLLO output: fp |

System clock fgys 'NANNN NN NN\ /

N /NN NN

Changes from 60MHz to 10 MHz.

Note: PLL1 operates-as'well.

Stops PLLO operation .
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Limitations on the use of PLLO

1. When stopping PLL operation during PLLO use, execute the following settings in the
same order.

LD (PLLCRO),XOXXXXXXB ; Change the clock fp | to foscH
LD (PLLCR1),0XXXXXXXB ;  Stop PLLO

X: Don't care

2. When shifting to STOP mode during PLL use, execute the following settings in the same

order.
LD (SYSCR2),XXXX01XXB ;  Setthe STOP mode
LD (PLLCRO), XOXXXXXXB ; Change the system clock fpi t0 fosch
LD (PLLCR1), OXXXXXXXB ;  Stop PLLO
HALT ; Shift to STOP mode
X: Don't care

Examples of settings are shown below:
(1) Start Up/ Change Control
(OK) High frequency oscillator operation mode(fosca)—PLLO start up
— PLLO use mode (fpL1)

LD (PLLCR1), IXXXXXXXB ;- PLLO start up / lock up start
LUP: BIT 5,(PLLCRO) ;
JR Z,LUP ; Check-for lock-up end flag
LD (PLLCRO), XIXXXXXXB ;  Change the system clock fosch to fp L

X: Don't care

(2) Change / Stop Control
(OK) PLLO use mode (frir)— High frequency oscillator operation mode(foscn)

— PLLO Stop
LD (PLLCRO),XOXXXXXXB . Change the system clock fp | to foscH
LD (PLLCR1),0XXXXXXXB i /Stop PLLO
X: Don't care

(OK) PLLO use mode (frri) = Set-the STOP mode
—High frequency oscillator -operation mode (fosca) — PLL stop

— HALT(High frequency oscillator stop)

LD (SYSCR2),XXXX01XXB ; Setthe STOP mode
(This command can be executed before use of PLLO)
LD (PLLCRO0),XOXXXXXXB ; Change the system clock fp | to foscH
LD (PLLECR1),0XXXXXXXB ; Stop PLLO
HALT ; Shift to STOP mode

X Don't care

(NG) PLLO use mode (frrr) — Set the STOP mode
— HALT(High frequency oscillator stop)

LD (SYSCR2),XXXX01XXB ;  Setthe STOP mode
(This command can be executed before use of PLLO)
HALT ; Shift to STOP mode

X: Don't care
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3.4.5 Noise reduction circuits

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

These are set in EMCCRO to EMCCR2 registers.

(1) Reduced drivability for high-frequency oscillator circuit
(Purpose)

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

(Clock diagram)

| iD—I>O—> foscH

Enable oscillation

EMCCRO<DRVOSCH>

X2 pin
I

(Setting method)

The drivability of the oscillator is reduced by writing“0” to EMCCRO<DRVOSCH>
register. At reset, <DRVOSCH?> is initialized to “1” and the oscillator starts oscillation
by normal-drivability when the power-supply is on.

Note: This function (EMCCRO<DRVODCH>= “0")is available when foscy = 6 to 10MHz.
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(2) Reduced drivability for low-frequency oscillator circuit
(Purpose)

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

(Block diagram)

I
c1 XT1 pin
—

Enable oscillation
Resonator

S~ EMCCRO<DRVOSCL>

fs
A XT2 pin

(Setting method)

The drivability of the oscillator 1is ~reduced by writing “0” to the
EMCCRO<DRVOSCL> register. At Reset, <DRVOSCL> is initialized to1”.

(3) Single drive for high-frequency oscillator circuit

(Purpose)

Remove the need for twin-drives-and protect prevent operational errors caused by
noise input to X2 pin when an external-oscillator is used.

(Block diagram)
\ _D—I>O—> foscH
X1pin
1 Enable oscillation
< EMCCRO<DRVOSCH>

X2 pin
I

(Setting method)

The oscillator is disabled and starts operation as buffer by writing “1” to
EMCCRO<EXTIN> register. X2 pin’s output is always “1”.
At reset, <EXTIN> is initialized to “0”.

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

(Purpose)

Prevention of program runaway caused by introduction of noise.

Write operations to a specified SFR are prohibited so that the program is protected
from runaway caused by stopping of the clock or by changes to the memory control
register (Memory controller, MMU) which prevent fetch operations.

Runaway error handling is also facilitated by INTPO interruption.

Specified SFR list

1.

Memory controller

BOCSL/H, B1CSL/H, B2CSL/H, B3CSL/H, BECSL/H
MSARO, MSAR1, MSAR2, MSARS3,
MAMRO, MAMR1, MAMR2, MAMR3, PMEMCR,

MEMCRO, CSTMGCR, WRTMGCR; RDTMGCRO
RDTMGCR1, BROMCR
MMU
LOCALPX/PY/PZ, LOCALLX/LY/LZ,
LOCALRX/RY/RZ, LOCALWX/WY/WZ,
LOCALESX/ESY/ESZ, LOCALEDX/EDY/EDZ,
LOCALOSX/0OSY/OSZ, LOCALODX/ODY/ODZ
Clock gear
SYSCRO, SYSCR1, SYSCR2, EMCCRO
PLL
PLLCRO,PLLCR1
PMC
PMCCTL

(Operation explanation)

Execute and release of protection (write operation to specified SFR) becomes possible

by setting up a double key to EMCCR1 and EMCCR2 registers.
(Double key)

1st-KEY: writes in sequence, 5AH at EMCCR1 and A5H at EMCCR2
2nd-KEY: writes in sequence, ASH at EMCCR1 and 5AH at EMCCR2

Protection state can be confirmed by reading EMCCRO<PROTECT>.

At reset, protection becomes OFF.

INTPO interruption also occurs when a write operation to the specified SFR is

executed with protection in the ON state.
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3.4.6  Standby controller

(1) HALT Modes and Port Drive register

When the HALT instruction is executed, the operating mode switches to IDLEZ2,
IDLE1 or STOP Mode, depending on the contents of the SYSCR2<HALTM1:0> register
and each pin-status is set according to the PxDR register, as shown below.

7 6 5 4 3 2 1 0

PxDR ] bit symbol Px7D Px6D Px5D Px4D Px3D Px2D Px1D Px0D
(xxxxH) | Read/Write R/W

System 1 1 1 1 1 1 1 1

Reset State

Hot Reset _ _ _ _ _ . _ _

State

Function Output/Input buffer drive-register for standby-mode

(Purpose and using)

This register is used to set each pin-status at stand-by mode.

All ports have this registers of the format shown above (“x” indicates the port-name.)
For each register, refer to 3.7 Function of Ports.

Before “HALT” instruction is executed; set each register pin-status, They will be
effective after the CPU has executed the “HALT” instruction.

This is the case regardless of stand-by mode (IDLE2, IDLE1 or STOP).

e This is the case regardless of using PMC function. For details, refer to PMC section.

The Output/Input-buffer control table is shown below.

OE | PxnD | Output buffer Input-buffer
0 0 OFF OFF
0 1 OFF ON
1 0 OFF OFF
1 1 ON OFF

Notel: OE denotes an output enable signal before stand-by-mode. Basically, PxCR is used as OE.
Note2: “n” in PxnD denotes-the bit number of PORTX.

Thesubsequent actions performed/in each mode are as follows:

a.IDLE2:Only the CPU halts:
The internal I/O-is available to select operation during IDLE2 mode by
setting the following register.
Table 3.4.3 shows the registers setting operation during IDLE2 mode.

Table 3.4.3 SFR setting operation during IDLE2 mode

Internal-l/O SFR
TMRAO1 TAO1RUN<I2TAO01>
TMRA23 TA23RUN<I2TA23>
TMRA45 TA45RUN<I2TA45>
TMRAG7 TAG67RUN<I2TAG7>
TMRBO TBORUN<I2TBO>
TMRB1 TB1RUN<I2TB1>
SI00 SCOMOD1<I250>
SBI SBIBRO<I2SBI>
A/D converter ADMOD1<I2AD>
WDT WDMOD<I2WDT>

b.IDLE1: Only the oscillator, RTC (real-time clock), and MLD continue to
operate.

¢. STOP: All internal circuits stop operating.
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The operation of each of the different Halt Modes is described in Table 3.4.4.

Table 3.4.4 1/0O operation during Halt Modes

HALT Mode IDLE2 IDLE1 STOP

SYSCR2 <HALTM1:0> 11 10 01

Block

CPU, MAC Stop

1/0 ports Depends on PxDR register setting

TMRA, TMRB

SIO,

SBI Available to select

A/D converter Operation block

WDT

I’S, LCDC, SDRAMC,

Inter|

SPIC, DMAC, NDFC, Operate

USB

Stop

rupt controller,

RTC

, MLD Operate

2

How to release the Halt mode

These HALT states can be released by resetting or requesting an-interrupt. The halt
release sources are determined by the combination of the states of the interrupt mask
register <IFF2:0> and the halt modes. The details for releasing the HALT status are
shown in Table 3.4.5.

Release by interrupt requesting

The HALT mode release method depends on the status of the enabled interrupt.
When the interrupt request level set before executing the “HALT” instruction exceeds
the value of the interrupt mask register, the interrupt is processed depending on its
status after the HALT mode is released, and the CPU status executing the instruction
that follows the HALT jinstruction. When the interrupt request level set before
executing the HALT instruction is less than the value of the interrupt mask register,
HALT mode release is not executed.(in non-maskable interrupts, interrupt processing
is processed after releasing the halt' mode regardless of the value of the mask register.)
However/ only —for INTO- to 'INT5 INT6, INT7 (asynchronous interrupt),
INTKEY,INTRTC, INTALM interrupts, even if the interrupt request level set before
executing the “HALT” instruction is’less than the value of the interrupt mask register,
HALT mode release is executed. In this case, the interrupt is processed, and the CPU
starts executing the instruction following the HALT instruction, but the interrupt
request flag is held at “1”.

Release by resetting
Release of all halt statuses is executed by resetting.

When the STOP mode is released by RESET, it is necessary to allow enough
resetting time for operation of the oscillator to stabilize.

When releasing the halt mode by resetting, the internal RAM data keeps the state
before the “HALT” instruction is executed. However the other settings contents are
initialized. (Releasing due to interrupts keeps the state before the “HALT” instruction
is executed.)

92CF29A-40 2009-06-11



TOSHIBA

TMP92CF29A

Table 3.4.5 Source of Halt state clearance and Halt clearance operation

. Interrupt Enabled Interrupt Disabled
Status of Received Interrupt . . . .
(interrupt level) > (interrupt mask) | (interrupt level) < (interrupt mask)
HALT mode IDLE2 IDLE1 STOP IDLE2 IDLE1 STOP
INTWDT x x - - -
INTO to INT5 (Notel) o1 Fo o o'l
INTKEY
INTUSB 2 x o 0° x
8 INT6 to INT7(PORT) (Notel) o1 o o o?
©
g INT6 to INT7(TMRB) x x X x x
by B |INTALM, INTRTC x o) o) x
% | 8 [INTTAOt0 7, INTTPO
§ = [INTTBOO to INTTBO1,
5 INTTB10 to INTTB11
Q INTRX,INTTX, INTSBI
‘g INTI2S0, INTLCD, x x x x x
n INTAD, INTADHP
INTSPIRX,INTSPITX
INTRSC, INTRDY
INTDMAO to INTDMA5S
RESET Reset initializes the LSI

@: After clearing the Halt mode, CPU starts interrupt processing.

O: Atfter clearing the Halt mode, CPU resumes executing starting from instruction following the HALT instruction.

x: Cannot be used to release the halt mode.

—: The priority level (interrupt request level) of non-maskable interrupts is fixed to 7, the highest priority level. This
combination is not available.

*1: Release of the HALT mode is executed after warm-up time has elapsed.

*2: 6 interrupts of all 24 INTUSB sources can release Halt state from IDLE1 mode, allowing for the construction of low

power dissipation systems. However, the method of use is limited as below.

o Shift to IDLE1 mode:
Execute Halt instruction when the flag of INT_SUS-or INT_CLKSTOP is “1” ( SUSPEND state )

e Release from IDLE1 mode:
Release Halt state by INT_RESUME or INT. CLKON request (release SUSPEND request)
Release Halt state by INT_URST_STRor INT_URST_END request (RESET request)

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

Started.
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(Example - releasing IDLE1 Mode)
An INTO interrupt clears the Halt state when the device is in IDLE1 Mode.

Address 1
8200H LD : (PCFC), 02H ; Sets PC1 to INTO interrupt.
8203H LD (IIMC0), 00H ; Select INTO interrupt rising/edge:
8206H LD (INTEO), 06H ; Sets INTO interrupt level to 6.
8209H El 5 ; Sets CPU interrupt level to 5.
820BH LD (SYSCR2), 28H ; Sets Halt mode to IDLELZ'mode,
820EH HALT ! ; Halts CPU.
1
INTO _/ \ INTO'intgrrupt routine.
1
]
1) RETI
820FH LD XX, XX
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(3) Operation
a. IDLE2 Mode

In IDLE2 Mode, only specific internal I/O operations, as designated by the
IDLE2 Setting Register, can take place. Instruction execution by the CPU stops.

Figure 3.4.7 illustrates an example of the timing for clearance of the IDLE2
Mode Halt state by an interrupt.

1 1
1 1
X1 | /'N \ | —
1 T
] ! (C ! {
po-nos iy
] [ 3] 1 }
1 1
DO~D15 = =|- ==t -=o-=={Data f = =4 -F=|-==={{ =L oqute - =4 ===l Data } -
1 1
! {( ! L1 —
=) : 12} : D))
1 1
1 1
— ! {( ! {(
WR : 3] : 2]
1 1
1
Interrupt for i {S / | \_s(
releasing Halt : ) ! )
! IDLE2 !
i mode !

Figure 3.4.7 Timing chart for IDLE2 Mode Halt state cleared by‘interrupt

b. IDLE1 Mode
In IDLE1 Mode| only the internal oscillator and the RTC and MLD continue to

operate. The system clock stops.

In the Halt state, the interrupt request is sampled asynchronously with the
system clock; however, clearance of the Halt state (i.e. restart of operation) is
synchronous with it.

Figure 3.4.8illustrates the timing for clearance of the IDLE1 Mode Halt state by
an interrupt.

1 1
X1 ! /‘SS'—\ | _‘)
1 1
— ; I ! ()
A0~A23 _x ! ) ! ) x
! )) 1 ]
r— ! 1
DO~D15 = ={= == = =4 == —| Data }- — — 4 ':'""'SS""'r' I P IR DR arvren
] ]
N (« : (¢ |
RD | TT | 1]
| |
1 1
WR ! ( ! ((
WR \ )] | 2]
| |
Interrupt for | ﬁ’
releasing Halt : ()() : \ s('
1 1
! IDLE1 !
' mode

Figure 3.4.8 Timing chart for IDLE1 Mode Halt state cleared by interrupt
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X1\

STOP Mode

When STOP Mode is selected, all internal circuits stop, including the internal
oscillator.

After STOP Mode has been cleared system clock output starts when the
warm-up time has elapsed, in order to allow oscillation to stabilize.

Figure 3.4.9 illustrates the timing for clearance of the STOP Mode Halt state by
an interrupt.

Warm-up
time

AO0~A23 — i S(;
(O '
p0-015 _ | Lo dee [t ---F - NS -4 -- Yo -G}
RD \'SS": (1 ‘)‘) —
WR i

Interrupt for
releasing Halt

Figure 3.4.9 Timing chart for. STOP Mode Halt state cleared by interrupt

Table 3.4.6 Example of warming-up time after releasing STOP-mode

at foscy =10 MHz

SYSCR2<WUPTM1:0>

01 (29 10 (2 11 (29

25.6 us 1.6384-ms 6.5536 ms
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Table 3.4.7 Input Buffer State Table

Input Buffer State

. . . In HALT mode (IDLE2/1/STOP)
Input Function When the CPU is operating
Port Name . <PxDR>=1 <PxDR>=0
Name During Reset
When Used as | When Used as | When Used as |When Used as| When Used as |When Used as
function Pin Input port function Pin Input port function Pin Input port
D0-D7 D0-D7 OFF - - -
- ON upon OFF OFF
P10-P17 D8-DI5 16bit Start OFF external read
Boot Start ON
PGO-PG7 _ 16bit Start OFF _ _ B
Boot Start ON
P71-P74 — — - —
p7 NDR/B
S /8 ON ON OFF
P76 WAIT
P90 - - - -
P91 RXDO
P92 c1s0 ,SCLKO ON ON ON OFF
*
P96 *1 INT4 ON
P97 - ON - N -
PAO-PA7 *1 KIO-KI7
PCO INTO
PC1 INT1,TAOIN ON ON OFF
PC2 INT2
PC3 INT3,TA2IN OFF
PC4-PC7 -
PFO-PF2 -
PGO0-PG2
- - ON-upon - _
PG4,PG5 *2 OFF OFF
port read
PG3 *2 ADTRG ON ON ON
PJ5-PJ6 -
PLO-PL7 — = - -
PNO-PN7 —
PP3 INT5
PP4 INT6,TBOINO ON ON OFF
PP5 INT7,TB1INO ON ON ON
PRO SPDI
PR1-PR3 —
PTO-PT7 -
PV6-PV7 SDA, SCL ON ON OFF
PX5 X1USB
D+, D- -
RESET — Always ON
AMO,AM1 -
TEST -
X1,XT1 - IDLE2/DLE1: ON

the input pin is.not driven.

OFF: The buffer is always turned off.
= Not applicable

ON: The buffer.is always turned on. A current flows through the input buffer if

*1: Port having a pull-up/pull-down resistor.
*2: AIN input does not cause a current to flow through the buffer.

92CF29A-45

2009-06-11




TOSHIBA TMP92CF29A

Table 3.4.8 Output buffer State Table (1/2)

Output Buffer State
. . . In HALT mode (IDLE2/1/STOP)
Output Function When the CPU is operating
Port Name ) <PxDR>=1 <PxDR>=0
Name During Reset
When Used as | When Used as | When Used as | When Used as | When Used as | When Used as
function Pin Output port function Pin Output port function Pin Output port
DO-7 DO-D7 FF - - -
0 0 - o ON upon OFF
P10-17 D8-D15 16bit Start OFF | - ool write ON ON
Boot Start OFF
P40-P47 A0-A7
ON
P50-P57 A8-A15
16bi
PE0-67 AL6-AZ3 6bit Start ON
Boot Start OFF OFF
P70 RD ON
—— ON ON
P71 WRLL , NDRE
P72 WRLU , NDWE
P7 EA24
3 OFF
P74 EA25
P75 R/'w OFF
P76 — — — —
— ON ON
P80 CS0
P81 CS1, SbCs
P82 CS2 , CSZA SDCS
P83 cs3
CS3, CSXA ON
P84 CszB ON ON OFF
P85 CszC
P86 CSZD , NDOCE
P87 CSXB , NDICE
P90 TXDO
P91 - OFF — = -
P92 SCLKO
P96 PX ON ON OFF
P97 PY
PCO0-PC3 - = — —
PC4 EA26
P EA27
€5 OFF
PC6 EA28
PC7 KO8 ON ON OFF
PFO 12S0CKO
PF1 12S0DO
PF2 12S0WS
PF7 SDCLK ON
PG2 MX
OFF = - -
PG3 MY
PJO SDRAS ; SRLLB
PJ1 SDCAS , SRLUB
PJ2 SDWE , SRWR ON
PJ3 SDLLDQM ON ON OFF
PJ4 SDLUDQM
P
J5 NDALE OFF
PJ6 NDCLE
PJ7 SDCKE
PKO LCPO ON ON OFF
PK1 LLOAD
PK2 LFR
PK3 LVSYNC ON
PK4 LHSYNC
PK5 LGOEO
PK6 LGOE1
PK7 LGOE2
PLO-PL7 LDO-LD7 OFF
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Table 3.4.9 Output buffer state table (2/2)

Output Buffer State
. . . In HALT mode (IDLE2/1/STOP)
Output Function . When the CPU is operating
Port Name Name During <PxDR>=1 <PxDR>=0
Reset When Used as | When Used as | When Used as | When Used as | When Used as | When Used as
function Pin Output port function Pin Output port function Pin Output port

PM1 MLDALM, TA1OUT
PM2 MLDALM , ALARM ON
PM7 PWE ON ON OFF

PNO-PN7 KOO0-KO7
PP3 TA70UT OFF

PP4-PP5 — — — —
PP6 TBOOUTO ON ON ON OFF
PP7 TB1OUTO
PRO - - ON - ON - OFF
PR1 SPDO
PR2 SPCS OFF ON oN OrF
PR3 SPCLK

PTO-PT7 LD8-LD15
PVe SDA OFF ON ON OFF
PV7 SCL
PX4 CLKOUT, LDIV ON ON ON OFF
PX5 - OFF - - -

D+, D- - OFF ON/OF depend on USBC operation
X2 _ IDLEZ/l:ON’j )
Always ON STOP: output "H
XT2 _ IDLE2/1:0N,
STOP: output "HZ”

ON: The buffer is always turned on. When the bus is
released, however, output buffers for.some-pins_are
turned off.

OFF: The buffer is always turned off.

— : Not applicable

*1: Port having a pull-up/pull-down resistor.

92CF29A-47

2009-06-11



TOSHIBA

TMP92CF29A

3.5 Boot ROM

The TMP92CF29A contains boot ROM for downloading a user program, and supports two

kinds of downloading methods.

3.5.1  Operation Modes

The TMP92CF29A has two operation modes: MULTI mode and BOOT mode. The

operation mode is selected according to the AM1 and AMO pin levels when RESET is

asserted.

(1) MULTI mode:

(2) BOOT mode:

executes them.

After reset, the CPU fetches instructions/from external memory and

After reset, the CPU fetches instructions from internal boot ROM

and executes them. The boot ROM leads a user program into internal
RAM from USB, or via UART, and then branches to the internal
RAM. In this way the user program starts boot operation. Table 3.5.2

shows an outline of boot operation.

Table 3.5.1 Operation Modes

Mode Setting Pins )
Operation Mode
RESET AM1 | AMO
0 1 MULTI | Start from external 16-bit bus memory
_/_ 1 0 TEST{(Setting prohibited)
1 1 BOOT (Start from internal‘boot ROM)
0 0 TEST (Setting prohibited)

Table 3.5:2 Outline of Boot Operation

- Loading Operation after
Name Priority .
Source I/F Destination Loading
(@) 1 PC (UART) UART Internal RAM Branch to internal
(b) PC (USB_HOST) usB RAM
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3.5.2 Hardware Specifications of Internal Boot ROM

(1) Memory map
Figure 3.5.1 shows a memory map of BOOT mode.

The boot ROM incorporated in the TMP92CF29A is an 8-Kbyte ROM area mapped to
addresses 3FEOOOH to 3FFFFFH.

In MULTI mode, the boot ROM is not mapped and the above area is mapped as an
external area.

000000H
Internal 1/O
001FFOH
002000H
010000H | ______ e
(128 Kbytes)
021FFFH
046000H
(Internal Backup RAM 16 Kbytes)
04A000H
3FEOOOH
Internal Boot ROM
(8 Kbytes)
3FFFOOH)

}(B) Reset/Interrupt (Note)
400)00H Vector Area (256 bytes)
0 = N NGl (A) Reset/Interrupt  (Note)

Vector Area (256 bytes)
FFFFFFH

Note: BROMCR<VACE> = "“1": (B),when booting
BROMCR<VACE> = “0" :(A) when multi mode

Figure 3.5.1 Memory Map of BOOT Mode

(2) Switching the boot ROM area to an external area

After the boot sequence is executed in BOOT mode, an application system program
may start running without a reset being asserted. In this case, it is possible to switch
the boot ROM area to an external area.
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3.5.3  Outline of Boot Operation

The method for downloading a user program can be selected from two types: from UART,
or via USB.

After reset, the boot program on the internal boot ROM executes as shown in Figure 3.5.2.
Regardless of the downloading method used, the boot program downloads a user program
into the internal RAM and then branches to the internal RAM. Figure 3.5.3 shows how the
boot program uses the internal RAM (common to all the downloading methods).

C s D

Yes

RESUME check
PMCCTL<PCM_ON>=1

No

Clock setting
¢ fsys="foscH
o fusg=TfoscH x 24/5

Download via UART

Yes

Download via

usB
Branch to internal RAM Branch to internal RAM
3000h 46000h

Note 1: To download a user program via USB, a USB device driver and special application software are needed on
the PC.

Note 2: To-download-a user program via UART, special application software is needed on the PC.

Note 3: The (a), (b) in the above flowchart indicate points where the settings of external port pins are changed. For

details, see Table 3.5.3.

Figure 3.5.2 Flowchart for Internal Boot ROM Operation
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002000H
Work Area for Boot Program
(4 Kbytes)
003000H f--=--=-=-====-=-=------~-
Download Area for
User Program
(124 Kbytes)
021FFFH
046000H
Work Area for User Program
(14 Kbytes)
049800H
Stack Area for Boot program
(2K bytes)
049FFFH

Figure 3.5.3 How the Boot Program/Uses Internal RAM

92CF29A-51 2009-06-11



TOSHIBA

TMP92CF29A

(1) Port settings

Table 3.5.3 shows the port settings by the boot program. When designing your
application system, please also refer to Table 3.5.4 for recommended pin connections

for using the boot program.

The boot program only sets the ports shown in the table below; other ports are left as

they are after reset or at startup of the boot program.

Table 3.5.3 Port Settings by the Boot Program

Function Description
Port Name Name I/O
(a) (b) (c)
UART No change from after reset .
P90 TXDO Output state (input port) No change from (a) Set as TXDO output pin
P91 RXDO Input Set as RXDO input pin No change from (b)
usB - D+ lfe}
No.change
- D- /0
PP6 PUCTL Output No change from after reset Set to “1” No change from (b)
state (input port)
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Table 3.5.4 Recommended Pin Connections

Port Name

Function
Name

I/O

Recommended Pin Connections for Each Download
Method

UART

USB

UART | P90

TXDO

Output

Po1

RXDO

Input

Connect to the level shifter.

No special’setting is needed
for booting via USB.

Add a pull-up resistor (100
kQrecommended) to prevent
transition to.UART processing.

UsB |-

D+

110

No special setting is needed
for booting via UART.

Connect to'the/USB connector
by-adding.a dumping resistor
(27Qrecommended) and a
programmable pull-up resistor
(1.5 kQrecommended). When
USB.is not accessed, the pin
level should be fixed with-a
resistor to prevent
flow-through current.

110

If USB is not used,.add. a
pull-up or pull-down resistor to
prevent flow-through current
on the D+/D- pins.

Connect to the USB connector
by adding a dumpingresistor
(270 recommended). When
USB is not accessed, the pin
level should be fixed with a
resistor to prevent
flow-through current.

PP6

PUCTL

Output

This pin is.used to control
ON/OFF of the D+ pin’s
pull-up_resistor. Add a switch
externally so that the pull-up is
turned on when “1”.

Note 1: When a user program is downloaded from UART and USB'is used in the system, the pull-up resistor for
USB’s D+ pin should not'be turned-on in BOOT mode.
Note 2: When a user program is'downloaded via USB, do not start the UART application software on the PC.

Note 3: When a user program.is downloaded via UART, do not.connect a USB connector.

Note 4: When USB is not used, the D+ and D- pins must-be pulled up or down to prevent flow-through current.
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(2) T/O register settings

Table 3.5.5 shows the I/O registers that are set by the boot program.

After the boot sequence, if execution moves to an application system program

without a reset being asserted, the settings of these I/0 registers must be taken into

account. Also note that the registers in the CPU and the internal RAM remain in the

state after execution of the boot program.

Table 3.5.5 1/0O Register Settings by Boot Program

Register Set Value Description
Name

WDMOD O0OH Watchdog timer not active

WDCR B1H Watchdog timer disabled

SYSCRO 70H High-frequency and low-frequency oscillators operating

SYSCR1 O0H Clock gear = 1/1

SYSCR2 2CH Initial value

PLLCRO O0H PLL clock not used

PLLCR1 00H Normally PLL is disabled.
or However, only in the case-of booting via USB, PLL is
60H activated for USB.

INTEUSB 04H USB interrupt/level setting

INTETCO1 44H INTTC interrupt level setting

Note: The values to be set in the I/O registers/for UART and USB are not/described here. If these functions are

needed in a user program, set each 1/Oregister as necessary-
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(1) Connection example

Downloading a User Program via UART

Figure 3.5.4 shows an example of connections for downloading a user program via

UART (using a 16-bit NOR Flash memory device as program memory).

UART 3 pins
Level ::)((g TXDO P90 (OUT) D+ D- o
PC Shifter 2= RXDO, P91 (IN) P82, Cs2 CE
RTS P70, RD OE
i PJ2, SRWR WE
TMP92CF29A NOR
AMO Flash Memory
DO to D15 DO toD15
AM1
/l Al to-20 ADt0A19

)

T

Note: When USB is not used, add a pull-up or pull-down resistor to the D+ and D- pins-to prevent flow-through

current.

Figure 3.5.4 UART Connection Example

(2) UART interface specifications
SIO channel 0 is used for downloading a user program.
The UART communication format in BOOT mode is shown below. Before booting, the
PC must also be set up with the same conditions.

Although the default baud rate is 9600 bps, this can be changed as shown in Table
3.5.8.

Serial-transfer mode: Z_UART (asynchronous) mode, full-duplex
Data length . 8hits

Parity bit : »None
STOP bit © 1 bit
Handshake . None

Baud rate (default) 9600 bps
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(3) UART data transfer format

Table 3.5.6 to Table 3.5.11 show the supported frequencies, data transfer format, baud
rate modification command, operation command, and version management
information, respectively.

Please also refer to the description of boot program operation later in this section.

Table 3.5.6 Supported Frequencies (X1)
[ 6o0omHz | 8oomHz | 9.00MHz | 10.00MHz

Note: The built-in PLL (clock multiplier) is not used regardless of the oscillation frequency.

Table 3.5.7 Transfer Format

Byte Number to
Transfer Transfer data from PC to TMP92CF29A Baud Rate Transfer data from TMP92CF29A to PC

Boot | 1st byte Matching data (5AH) 9600 bps — (Frequency measurement and baud
ROM rate auto setting)

2nd byte - OK: Echo back data (5AH)

Error: No transfer
3rd byte - Version management information
to (See Table 3.5.10)

6th byte

7th byte - Frequency information

8th byte Baud rate modification command =

9th byte (See Table 3.5.8.) OK: Echo back data

- Error: Error code x 3
10th byte User program New baud rate’ | NG: Operation stop by checksum error
to Intel Hex format (binary)
(n — 4)th byte
(n - 3)th byte - OK: SUM (High)
(See (4)-c).)
(n - 2)th byte - OK: SUM (Low)
(n - 1)th byte User program start command (COH) -
(See Table 3.5:9.) OK: Echo back data (COH)

n'th byte Error: Error code x3

RAM |- Branch to user program start-address

“Error code x 3" means that the error code.is transmitted three times. For example, if the error code is 62H, the
TMP92CF29A transmits 62H three times. For error codes, see (4)-b).
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Table 3.5.8 Baud Rate Modification Command
Baud Rate (bps) 9600 19200 38400 57600 115200
Modification Command 28H 18H 07H 06H 0O3H

Note 1: If foscH (oscillation frequency) is 10.0 MHz, 57600 and 115200 bps are not supported.
Note 2: If foscH (oscillation frequency) is 6.00, 8.00, or 9.00 MHz, 38400, 57600, and 115200 bps are not supported.

Table 3.5.9 Operation Command

Operation Command Operation

COH User program<start

Table 3.5.10 Version Management Information

Version Information ASCIl Code

FRM1 46H, 52H, 4DH, 31H

Table 3.5.11 data of measuring frequency

X1-X2 oscillator
frequency 6.000 8.000 9.000 | 10.000
(MHz)
09H OAH 08H 0BH

(4) Description of the UART boot program operation

The boot program receives a-user program sent from the PC via UART and transfers

it to the internal RAM. If the transfer ends normally, the boot program calculates

SUM and sends the result to'the PC before executing the user program. The execution

start address is the first.address received. The boot program enables users to perform

customized on-board programming.

When UART is used to download-a user program, the maximum allowed program
size is 124 Kbytes (3000H — 21FFFH). (The extended Intel Hex format is supported.)

a) Operation procedure

1.
2.
3:

Connect the serial cable. This must be done before the microcontroller is reset.
Set the AM1 and AMO pins to “1” and reset the microcontroller.

The receive data in the 1st byte is matching data (5AH). Upon starting in
BOOT mode, the boot program goes to a state in which it waits for matching
data. When matching data is received, the initial baud rate of the serial
channel is automatically set to 9600 bps.

. The 2nd byte is used to echo back 5AH to the PC upon completion of the

automatic baud rate setting in the 1st byte. If automatic baud rate setting fails,
the boot program stops operation.

The 3rd through 6th bytes are used to send the version management
information of the boot program in ASCII code. The PC should check that the
correct version of the boot program is used.

. The 7th byte is used to send information on the measured frequency. The PC

should check that the frequency of the resonator is measured correctly.
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10.

11.

12.

13.

The receive data in the 8th byte is baud rate modification data. The five kinds
of baud rate modification data shown in Table 3.5.8 are available. Even when
the baud rate is not changed, the initial baud rate data (28H: 9600 bps) must
be sent. Baud rate modification becomes effective after the echo back
transmission is completed.

The 9th byte is used to echo back the received data to-the PC when the data
received in the 8th byte is one of the baud | rate modification data
corresponding to the operating frequency of the microcontroller. Then, the
baud rate is changed. If the received baud rate/data’does not correspond to the
operating frequency, the boot program stops-operation after sending the baud
rate modification error code (62H).

The receive data in the 10th to (n-4)th bytes is received as binary data in Intel
Hex format. No echo back data is returned to the PC.

The boot program ignores received data and does not send‘error code to the PC
until it receives the start mark (3AH for “”) of Intel Hex format. After
receiving the start mark, the boot program receives ‘a range of data from
record length to checksum and writesthe received data to the/specified RAM
addresses successively.

If a receive error or checksum error occurs, the bootprogram stops operation
without sending error -code to the PC.

The boot program executes the SUM calculation routine upon detecting the
end record. Thus, after sending the end record, the PC should be placed in a
state in which it waits for SUM data.

The (n-3)th and (n-2)th bytes are used to send the SUM value to the PC in the

order of upper byte’and lower byte. For details on how to calculate SUM, see
“SUM calculation” to be described later. SUM calculation is performed after
detecting the end record only when no receives error or checksum error has
occurred. Immediately after SUM calculation is completed, the boot program
sends-the SUM value to the PC. After sending the end record, the PC should
determine whether or not/'writing to RAM has completed successfully based
on whether or not the SUM value is received from the boot program.

After sending the SUM-value, the boot program waits for the user program
start command (COH). If the SUM value is correct, the PC should send the
user program start command in the (n-1)th byte.

The n’th byte'is used to echo back the user program start command to the PC.
After sending the echo back data, the boot program sets the stack pointer to
4A000H and jumps to the address that is received first as Intel Hex format
data.

If the user program start command is not correct or a receive error has
occurred, the boot program stops operation after sending the error code to the
PC three times.
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b) Error codes

The boot program uses the error codes shown in Table 3.5.12 to notify the PC of its
processing status.

Table 3.5.12 Error Codes

Error Code Meaning
62H Unsupported baud rate
64H Invalid operation command
AlH Framing error in received data
A3H Overrun error in received data

Note 1:If a receive error occurs while a user program is being received, no error code will be sent to the PC.

Note 2: After sending an error code, the boot program stops operation:

¢) SUM calculation
1. Calculation method

SUM is calculated by adding data in bytes and is returned in words, as
explained below.

Example:
If the data to be calculated consists of the 4 bytes
A1H shown to the left, SUM is-calculated as follows:
B2H AlH + B2H + C3H+ D4H = 02EAH
C3H SUM (HIGH) = 02H
SUM (LOW) = EAH
D4H

2. Data‘to'becalculated

SUM is-ealculated from'the data at the first received address through the last
received address.

Even if received addresses are not continuous, unwritten addresses are also
included in SUM calculation. The user program should not contain unwritten
gaps.
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d)

Notes on Intel Hex format (binary)

1.

After receiving the checksum of a record, the boot program waits for the start
mark (BAH for “”) of the next record. If data other than 3AH is received
between records, it is ignored.

Once the PC program has finished sending the checksum of an end record, it
must wait for 2 bytes of data (upper and lower bytes of SUM) before sending
any other data. This is because after receiving the checksum of an end record,
the boot program calculates SUM and returns the result'to the PC in 2 bytes.

Writing to areas other than internal RAM may cause incorrect operation. To
transfer a record, set the paragraph address to. 0000H.
Since the address pointer is initially set to. O0H, the record type to be
transferred first does not have to be an address record.
Addresses 3000H to 21FFFH are allocated as the user program download

area.

A user program in Intel Hex format/(ASCII codes) must be converted into
binary data in advance, as explained-in the example below.

Example: How to convert an Intel Hexfile into binary format

The following shows how-an-Intel Hex format file is displayed on a text editor.
: 103000000607F100030000F201030000B1F16010B7
: 00000001FF

However, the-actual data consists of ASCII codes, as shown below.
3A3130333030303030303630374631303030333030303046323031303330303030
423146313630313042370D0A3A303030303030303146460D0A

Thus; the ASCII codes must be converted into binary data based on the conversion rules
shown inthe table below.

ASCII Code Binary Data
3A 3A (Only 3A remains the same.)

30to 39 0to9
41 or 61 A
42 or62 B
43 or 63 C
44 or 64 D
45 or 65 E
46 or 66 F

O0DOA Delete

Intel Hex format

Data record 3A 10 3000 00 0607F100030000F201030000B1F16010 B7
l l Data Checksum
Record type
Address
Record length
End record . (Start mark)

3A 00 0000 01 FE

l l Data

Record type
Address
Record length
: (Start mark)
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e) User program receive error
If either of the following error conditions occurs while a user program is being
received, the boot program stops operation.
If the record type is other than 00H, 01H, or 02H
If a checksum error occurs
f) Measured frequency/baud rate error

When the boot program receives matching data, it, measures the oscillation
frequency. If an error is within plus or minus 3%, the boot program decides on that
frequency.

Each baud rate includes a setting error as shown in Table 3.5.13. For example,
in the case of 10.00 MHz /9600 bps, the baud rate is actually set at 9615.38 bps. To
establish communication, the sum of the baud rate setting error and the measured
frequency error must be within plus or minus 3 %.

Table 3.5.13 Baud Rate Setting Errors (%)
9600 bps 19200 bps' | 38400 bps | 57600 bps. |.115200 bps
6.000 MHz 0.2 0.2 - - -
8.000 MHz 0.2 0.2 - - -
9.000 MHz 0.2 =0.7 - = -
10.000 MHz 0.2 0.2 -1.4 # -
—: Not supported
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(5) Others
a) Handshake function

Although the CTS pin is available in the TMP92CF29A, the boot program does
not use it for transfer control.

b) RS-232C connector

The RS-232C connector must not be connected or disconnected while the boot
program is running.
¢) Software on the PC

When downloading a user program via UART, 'special application software is
needed on the PC.

92CF29A-62 2009-06-11



TOSHIBA TMP92CF29A

3.5.5 Downloading a User Program via USB

(1) Connection example
Figure 3.5.5 shows an example of connections for downloading a user program via
USB (using a 16-bit NOR Flash memory device as program memory).

PURZTL PP6, LD22 RXD,P91
lOO_kQ P82, c_iz E
R1=15kQ ||R2=270 P70, RD OE
PC <  — D+ PJ2, SRWR WE
— D- TMP92CF29A
R3=270Q NOR Flash
AMO DO to D15 DO to D15
AM1
J’ Al to A20 AO to A9

T S\

Note 1: The value of pull-up and pull-down resistors are recommended values.
Note 2: The PP6 pin is assigned as PUCTL (pull-up control)-output for' USB.
Note 3: Since the input gates of the D+ and D- pins are always-open even at unused-(unaccessed) times, these pins

must be set to a fixed level to prevent flow-through. current. Although the level-setting is not specified in the

above diagram, be sure to fix the level of the D+ and D- pins by referring to the chapter on USB.

Figure 3.5.5 (USB Connection Example

(2) USB interface specifications
When a user program is downloaded via USB, the oscillation frequency should be set
to 10.00 MHz. The transfer speed should be fixed to full speed (12 Mbps).

The boot program uses the following two transfer types.

Table 3.5.14 Transfer Types-Used by the Boot Program

Transfer Type Description
Control Transfer Used for transmitting standard requests and vendor requests.
Bulk Transfer Used for responding to vendor requests and transmitting a user program.
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The following shows an overview of the USB communication flow.
(Legends)
€ Control Transfer
== Bulk Transfer
Host (PC) TMP92CF29A
. Send GET_DISCRIPTOR
Connection
Recognition
Send DESCRIPTOR information
Send the microcontroller information command
. . . g Prepare microcontroller
Send microcontroller |nf0rm_a_t|£)rld_at_a _______ information data
Check data «----"""7

Data Transfer

Convert Intel Hex
format data into binary
data

Check data

Send data

Transfer End
Processing

Transmit the transfer result
command 2 seconds after
completion of user
program transfer

Check data

Send the microcontroller information command

 »

Send microcontroller information-data

Figure 3.5.6 Overall Flowchart

Prepare microcontroller
information data

Load the received data into the
specified RAM address area

& prepare microcontroller
information data

(If the received data cannot be loaded
into RAM for some reason, it is
discarded.)

Prepare transfer result data

Branch to
internal RAM
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Table 3.5.15 Vendor Request Commands
Command Name Value of Operation Notes
bRequest

Microcontroller information O0H Send microcontroller | Microcontroller information data is

command information sent by bulk IN transfer after the setup
stage-is completed.

User program transfer start 02H Receive a user Set the size of a user program in

command program windex.
The user.program is received by bulk
OUT transfer after the setup stage is
completed.

User program transfer result 04H Send the transfer Transfer result data is sent by bulk IN

command result transfer after the setup stage is
completed.

Table 3.5.16 Setup Command Data Structure

Field Name Value Meaning
bmRequestType 40H D7 0: Host to Device
D6-D5 2: Vendor
D4-DO 0: Device
bRequest O00H, 02H; 04H O00H: Microcontroller information
02H:. User program transfer start
04H: User program transfer result
wValue O0H~FFFFH Own data humber
(Not-used by/boot program)
windex 00H~FFFFH User program size
(Used when starting a user program transfer)
wlLength 0000H Fixed
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Table 3.5.17 Standard Request Commands

Standard Request

Response Method

GET_STATUS

Automatic response by hardware

CLEAR_FEATURE

Automatic response by hardware

SET_FEATURE

Automatic response by hardware

SET_ADDRESS

Automatic response by hardware

GET_DISCRIPTOR

Automatic response by hardware

SET_DISCRIPTOR

Not supported

GET_CONFIGRATION

Automatic response by hardware

SET_CONFIGRATION

Automatic response by hardware

GET_INTERFACE

Automatic response by hardware

SET_INTERFACE

Automatic response by hardware

SYNCH_FRAME

Ignored

Table 3.5.18 Information Returned by GET, DISCRIPTOR

DeviceDescriptor

Field Name Value Meaning

Blength 12H 18 bytes

BdescriptorType 01H Device descriptor

BcdUSB 0110H USB Version 1.1

BdeviceClass 00H Device class (Not in use)

BdeviceSubClass 00H Sub._command (Not in use)

BdeviceProtocol O00H Protocol(Net in use)

BmaxPacketSize0 40H EPO maximum packet size (64 bytes)

IdVendor 0930H Vendor ID

IdProduct 6504H Product ID (0)

BcdDevice 0001H Device version (v0.1)

Imanufacturer O00OH Index value of string descriptor indicating manufacturer
name

Iproduct O0OH Index value of string descriptor indicating product name

IserialNumber 00H Index value of string descriptor indicating product serial
number

BnumConfigurations 01H There is one configuration.
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ConfigrationDescriptor

Field Name Value Meaning
bLength 09H 9 bytes
bDescriptorType 02H Configuration descriptor
wTotalLength 0020H Total length (32 bytes) which each descriptor of both
configuration descriptor, interface
and endpoint is added.
bNuminterfaces 01H There is one interface.
bConfigurationValue 01H Configuration number-1
iConfiguration O00H Index value of string descriptor indicating configuration
name {(Not in use)
bmAttributes 80H Bus power
MaxPower 31H Maximum power consumption (49 mA)
InterfaceDescriptor
Field Name Value Meaning
bLength 09H 9 bytes
bDescriptorType 04H Interface descriptor
binterfaceNumber O0H Interface number 0
bAlternateSetting O00H Alternate setting. number)0
bNumEndpoints 02H There are two endpoints:.
binterfaceClass FFH Specified device
binterfaceSubClass O0OH
binterfaceProtocol 50H Bulk only-protocol
ilinterface 00H Index value of string descriptor indicating interface
name-(Not'in' use)
EndpointDescriptor
Field Name Value Meaning
<Endpoint1>
blength 07H 7 bytes
bDescriptorType 05H Endpoint descriptor
bEndpointAddress 01H EP1=OUT
bmAttributes 02H Bulk transfer
wMaxPacketSize 0040H Payload 64 bytes
binterval 00H (Ignored for bulk transfer)
<Endpoint2>
bLength 07H 7 bytes
bDescriptor O5H Endpoint descriptor
bEndpointAddress 82H EP2 =IN
bmAttributes 02H Bulk transfer
wMaxPacketSize 0040H Payload 64 bytes
binterval 00H (Ignored for bulk transfer)
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Table 3.5.19 Information Returned for the Microcontroller Information Command

Microcontroller ASCI| Code
Information
TMP92CF29A 54H, 4DH, 50H, 39H, 32H, 43H, 46AH, 32H, 39H,20H, 20H, 20H, 20H, 20H, 20H

Table 3.5.20 Information Returned for the User Program Transfer-Result Command

Transfer Result Value Error Conditions

No error O00OH

User program not received 02H | The user program transfer result is received without the user program
transfer start command-being received first.

Received file not in Intel Hex format 04H | The first data of a user program is not “:" (3AH).

User program size error 06H | The size of a received user program is larger than-the value set in
windex of the user-program transfer start command.

Download address error 08H [ The specified user program download-address is'not in the designated
area.

Protocol error or other error O0AH | The user program transfer start or user program transfer result
command is received first.
A checksum error is detected in the Intel Hex file.
A record'type error is detected-in the Intel Hex file.
The length of an address-record inthe Intel Hex file is 3 or longer.
The length of an end record in the Intel Hex file is other than 0.
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(3) Description of the USB boot program operation

The boot program loads a user program in Intel Hex format sent from the PC into the

internal RAM. When the user program has been loaded successfully, the user program

starts executing from the first address received.

The boot program thus enables users to perform customized on-board programming.

a. Operation procedure

10.

Connect the USB cable.
Set the AMO and AM1 pins to “1” and reset the microcontroller.

After recognizing USB connection, the PC checks the information on the
connected device using the GET_DISCRIPTOR command.

The PC sends the microcontroller information-command by control transfer
(vendor request). After the setup' 'stage is completed,( the PC checks
microcontroller information data by bulk IN transfer.

Upon receiving the microcontroller/ information command, the boot program
prepares microcontroller infoermation in ASCII code:

The PC prepares the user program to be loaded by converting an Intel Hex file
into binary format.

The PC sends the user program transfer start command by control transfer
(vendor request). After the setup stage is completed, the PC transfers the user
program by bulk OUT transfer.

After the user program has been transferred, the PC waits for about two
seconds and then sends the user program transfer result command by control
transfer (vendor request). After the setup /stage is completed, the PC checks
the transfer result by bulk IN transfer.

Upon receiving the user program transfer result command, the boot program
prepares'the transfer result-value to be returned.

If the transfer result is other than OK, the boot program enters the error
processing routine and will not automatically recover from it. In this case,
terminate the device driver on the PC and retry from step 2.
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b. Notes on the user program format (binary)

1. After receiving the checksum of a record, the boot program waits for the start
mark (BAH for “”) of the next record. If data other than 3AH is received
between records, it is ignored.

2. Since the address pointer is initially set to O0H, the record type to be
transferred first does not have to be an address record.

3. Addresses 3000H to 21FFFH (124 Kbytes) are allocated as the user program
download area. The user program should be contained within this area.

Note: In USB transfer, the size of program is set by windex from addresses 0000H to-FFFFH. Therefore, the
transferred Object size becomes 64K byte max. Please be careful
4.  Awuser program in Intel Hex format (normally written in ASCII code) must be
converted into binary data before it can be transferred. See the example
below for how to convert an Intel Hex file into binary format.

When a user program is downloaded via USB, the maximum allowed record
length is 250 bytes.

Example: Transfer data when writing 16-byte data in Intel Hex format from-address 3000H

The following shows how an-Intel Hex format file is displayed on a text editor.
: 103000000607F100030000F201030000B1F16010B7
: 00000001FF

However, the actual data consists of ASCII codes, as’ shown below.
3A3130333030303030303630374631303030333030303046323031303330303030
423146313630313042370D0A3A303030303030303146460D0A

Thus, the ASCII codes must be converted into-binary data based on the conversion rules shown
in the table below.

ASCII Code Binary Data
3A 3A-(Only 3A remains the same.)
30~39 0~9
41 or 61 A
42 or 62 B
43 or'63 C
44 or 64 D
45 or 65 E
46 or.66 F
ODOA Delete

Theabove Intel Hex file is converted into binary data as follows:
Data record 3A 10 3000 00 0607F100030000F201030000B1F16010 B7
l l Data Checksum
Record type
Address
Record length
: (Start mark\)
End record 3A 00 0000 01 FF
l l Checksum
Record type
Address
Record length
: (Start mark)
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(4) Others
a) USB connector
The USB connector must not be connected or disconnected while the boot
program is running.
b) Software on the PC

To download a user program via USB, a USB device driver and special
application software are needed on the PC.
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3.6

Interrupts

Interrupts are controlled by the CPU Interrupt Mask Register <IFF2:0> (bits 12 to 14
of the Status Register) and by the built-in interrupt controller.
TMP92CF29A has a total of 57 interrupts divided into the following five types:

Interrupts generated by CPU: 9 sources
e  Software interrupts: 8 sources

e Illegal Instruction interrupt: 1 source

Internal interrupts: 39 sources
e Internal I/O interrupts: 31 sources

e  Micro DMA Transfer End interrupts /HDMA Transfer End interrupts: 6 sources
e  Micro DMA Transfer End interrupts: 2 source

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

A fixed individual interrupt vector number is assignedto each interrupt source. Any one of six
levels of priority can also be assigned to each maskable interrupt. Non-maskable interrupts
have a fixed priority level of 7, the highest level.

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

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

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

The value inthe interrupt' mask register <IFF2:0> can be changed using the EI instruction
(EI num sets'<IFF2:0>to num). For example, the command EI3 enables the acceptance of all
non-maskable interrupts and of maskable interrupts whose priority level, as set in the
interrupt controller, is 3 or higher. The commands EI and EIO enable the acceptance of all
non-maskable interrupts and of maskable interrupts with a priority level of 1 or above (hence
both are equivalent to the command EI1).

The DI instruction (Sets <IFF2:0> to 7) is exactly equivalent to the EI7 instruction. The DI
instruction is used to disable all maskable interrupts (since the priority level for maskable
interrupts ranges from 0 to 6). The EI instruction takes effect as soon as it is executed.

In addition to the general-purpose interrupt processing mode described above, there is also a
miero DMA processing mode that can transfer data to internal/external memory and built-in
I/0, and HDMA processing mode. In micro DMA mode the CPU, and in HDMA mode the DMA
controller automatically transfers data in 1byte, 2byte or 4byte blocks. HDMA mode allows
transfer faster than Micro DMA mode.

In addition, the TMP92CF29A also has a software start function in which micro DMA and
HDMA processing is requested in software rather than by an interrupt. Figure 3.6.1 is a
flowchart showing overall interrupts processing.
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( Interrupt processing ) DMA soft start

request

Interrupt specified YES
by DMA
start vector ? l

Clear interrupt request flag ' [«
NO

Interrupt vector calue “V”

read interrupt request F/F clear YES to HDMA processing flow

Start specified
by HDMA

General-purpose

interrupt PUSH PC _
processing PUSH SR Data transfer by micro
SR<IFF2:0> « Level of DMA
accepted
interrupt + 1 Micro DMA
INTNEST « INTNEST + 1 processing

| COUNT « COUNT -1

- | PC « (FFFFOOH + V) |

YES Clear vector register
COUNT =0 generating micro DMA
transfer end interrupt
INTTCO
Interrupt processing NO — ( )

program

RETI instruction
POP, SR
POP <PC
INTNEST/«~ INTNEST - 1

C o

Figure 3.6.1 Interrupt processing Sequence
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3.6.1

General-purpose Interrupt Processing

When the CPU accepts an interrupt, it usually performs the following sequence of
operations. However, in the case of software interrupts and illegal instruction interrupts
generated by the CPU, the CPU skips steps (1) and (3), and executes only steps (2), (4), and
(5).

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

(2) The CPU pushes the program counter (PC) and status register (SR) onto the top of the
stack (Pointed to by XSP).

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

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

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

On completion of interrupt processing, the RETI instruction is used to return control to
the main routine. RETI restores the contents of the program counter and the status
register from the stack and decrements the interrupt nesting counter INTNEST by 1.

Non-maskable interrupts cannot be disabled by a user program. Maskable interrupts,
however, can be enabled or disabled by a user program. A program can set the priority level
for each interrupt source. (A priority level setting of 0 or 7 will disable an interrupt
request.) If an interrupt request is received for an interrupt with a priority level equal to or
greater than the/value set in the CPU interrupt mask register <IFF2:0>, the CPU will
accept theinterrupt: The CPU interrupt-mask register <IFF2:0> is then set to the value of
the priority level for the accepted interrupt plus 1.

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

If the CPU receives another interrupt request while performing processing steps (1) to (5),
the new interrupt will be sampled immediately after execution of the first instruction of its
interrupt processing routine. Specifying DI as the start instruction disables nesting of
maskable interrupts.

A reset initializes the interrupt mask register <IFF2:0> to “111”, disabling all maskable
interrupts.

Table 3.6.1 shows the TMP92CF29A interrupt vectors and micro DMA start vectors.
FFFFOOH to FFFFFFH (256 bytes) is designated as the interrupt vector area.
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Table 3.6.1 TMP92CF29A Interrupt Vectors and Micro DMA/HDMA Start Vectors

Default Tote Interrupt Source and Source of Vector |Address Refer /M gl(/(l) ADS'\,:I'?,[
Priority yp Micro DMA Request Value to Vector a
Vector

1 Reset or [SWIO] instruction 0000H FFFFOOH
2 [SWI1] instruction 0004H FFFFO4H
3 lllegal instruction or [SWI2] instruction 0008H FFFFO8H
4 [SWI3] instruction 000CH FFFFOCH
5 Non [SWI4] instruction 0010H FFFF10H
6 maskable  |[SwI5] instruction 0014H FFFF14H
7 [SWI6] instruction 0018H FFFF18H
8 [SWI7] instruction 001CH FFFF1CH
9 (Reserved) 0020H FFFF20H
10 INTWD: Watchdog timer 0024H FFFF24H
— Micro DMA (Note 2) - — —
11 INTO: INTO pin input 0028H FFFFE28H OAH(Note 1)
12 INT1: INT1 pin input 002CH FEFF2CH 0BH
13 INT2: INT2 pin input 0030H FFFF30H 0CH
14 INT3: INT3 pin input 0034H FFFF34H ODH
15 INT4: INT4 pin input (TSI) 0038H FFFF38H OEH
16 INTALM: ALM (8192Hz, 512Hz, 64Hz, 2Hz,1HZ) 003CH FFFF3CH OFH
17 INTTAA4: 8-bit timer 4 0040H FEFF40H 10H
18 INTTAS: 8-bit timer 5 0044H FFFF44H 11H
19 INTTAG: 8-bit timer 6 0048H FFFF48H 12H
20 INTTA7: 8-bit timer 7 004CH FFFF4ACH 13H
21 INTPO: Protect 0 (Write to SFR) 0050H FFFF50H 14H
22 (Reserved) 0054H FFFF54H 15H
23 INTTAO: O 0058H FFFF58H 16H
24 INTTAZL: 8-bit timer 1 005CH FFFF5CH 17H
25 INTTAZ2: 8-bit timer 2 0060H FFFF60H 18H
26 INTTA3: 8-bit timer 3 0064H FFEFF64H 19H
27 INTTBO: 16-bit timer' 0 0068H FFFF68H 1AH
28 INTTB1: 16-bit timer O 006CH FFFF6CH 1BH
29 INTKEY: Key wakeup 0070H FFFF70H 1CH
30 Maskable INTRTC: RTC (Alarm interrupt) 0074H FFFF74H 1DH
31 (Reserved) 0078H FFFF78H 1EH
32 INTLCD: LCDC 007CH FFFF7CH 1FH
33 INTRXO: Serial receive end 0080H FFFF80H 20H (Note 1)
34 INTTXO; Serial transmission end 0084H FFFF84H 21H
35 INTTB10: 16-bit timer 1 0088H FFFF88H 22H
36 INTTB11: 16-bit timer 1 008CH FFFF8CH 23H
37 INT5: INT5 pin input 0090H FFFFO0H 24H
38 INT6: INT6 pin input 0094H FFFF94H 25H
39 INT7: INT7 pin input 0098H FFFFO8H 26H
40 INTI2SO0: I°S (Channel 0) 009CH FFFFOCH 27H
41 (Reserved) 00AOH FFFFAQH 28H
42 INTADM: AD Monitor function 00A4H FFFFA4H 29H
43 INTSBI: SBI 00A8H FFFFA8H 2AH
44 INTSPIRX: SPIC receive 00ACH FFFFACH 2BH
45 INTSPITX: SPIC transmission 00BOH FFFFBOH 2CH
46 INTRSC: NAND Flash controller 00B4H FFFFB4H 2DH
47 INTRDY: NAND Flash controller 00B8H FFFFB8H 2EH
48 INTUSB: USB 00BCH FFFFBCH 2FH
49 INTRX1: Serial receive end 00COH FFFFCOH 30H
50 INTTX1: Serial transmission end 00C4H FFFFC4H 31H
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Default Type Interrupt Source and Source of Vector |Address Refer /L/I g'{/? ADsl\t/laﬁt
Priority Micro DMA Request Value to Vector
Vector

51 INTADHP: AD most priority conversion end 00C8H FFFFC8H 32H

52 INTAD: AD conversion end 00CCH FFFFCCH 33H

53 INTTCO/INTDMAO: Micro DMAO /HDMAO end 00DOH FFFFDOH 34H

54 INTTC1/INTDMAL: Micro DMA1 /HDMA1 end 00D4H FFFED4H 35H

55 INTTC2/INTDMA2: Micro DMA2 /HDMA2 end 00D8H FFFFD8H 36H

56 INTTC3/INTDMAS: Micro DMA3 /HDMA3 end 00DCH FFFFDCH 37H

57 Maskable INTTC4/INTDMAA4: Micro DMA4 /[HDMA4 end 00EOH FFFFEOH 38H

58 INTTC5/INTDMAS5: Micro DMA5 /HDMAS end 00E4H FFFFE4H 39H

59 INTTC6 : Micro DMA6 end 00E8H FFFFE8H 3AH

60 INTTCY : Micro DMA7 end 00ECH FFFFECH 3BH

- 00FOH FFFFFOH -

to (Reserved) : : to

— 00FCH FFFFFCH —

Note 1: When initiating micro DMA/HDMA , set at edge detect mode.
Note 2 : Micro DMA default priority.
Micro DMA initiation takes priority over other maskable interrupt.
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3.6.2  Micro DMA processing

In addition to general-purpose interrupt processing, the TMP92CF29A also includes a
micro DMA function and HDMA function. This section explains about Micro DMA function.
For the HDMA function, please refer 3.7 DMA controller.

Micro DMA processing for interrupt requests set by micro DMA is performed at the
highest priority level for maskable interrupts (Level 6), regardless of the priority level of
the interrupt source.

Because the micro DMA function is implemented through the CPU, when the CPU is
placed in a stand-by state IDLE2, IDLE1, STOP) by a HALT instruction, the requirement
of the micro DMA will be ignored (Pending).

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

Note: When using the micro DMA transfer end interrupt, always write “1™to bit 7 of SIMC register.
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(1) Micro DMA operation

Notel:

Note2:

When an interrupt request is generated by an interrupt source that specified by the
micro DMA /HDMA start vector register, and Micro DMA start is specified by DMA
selection register, the micro DMA triggers a micro DMA request to the CPU at
interrupt priority level 6 and starts processing the request. When IFF = 7, Micro DMA
request cannot be accepted.

The 8 micro DMA channels allow micro DMA processing to/be set for up to 8 types of
interrupt at once.

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

In addition, the micro DMA /HDMA start vector register‘is cleared to “0”, the next
micro DMA operation is disabled and micro DMA processing terminates.

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

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

If the priority/level-of micro DMA is set higher than that of other interrupts, CPU operates as follows.

In case INTxxx interrupt is generated first and then INTyyy interrupt is generated between checking “Interrupt
specified by micro DMA start'vector” (in the Figure 3.6.1) and reading interrupt vector with setting below. The
vector shifts to that of INTyyy at the time.

This is because the priority level of INTyyy-is higher than that of INTxxx.

In the interrupt routine, CPU reads the vector of INTyyy because cheking of micro DMA has finished. And
INTyyy is generated regardless of transfer counter of micro DMA.

INTxxx: level 1 withoutmicro DMA

INTyyy: level 6-with micro DMA

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

Don't start any micro DMAs by one interrupt. If any micro DMA are set by it, micro DMA that channel number is

biggest (priority is lowest) is not started.(Because interrupt flag is cleared by micro DMA that priority is highest)
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Although the control registers used for setting the transfer source and transfer
destination addresses are 32 bits wide, this type of register can only output 24-bit
addresses. Accordingly, micro DMA can only access 16 Mbytes (The upper 8 bits of a
32-bit address are not valid).

Three micro DMA transfer modes are supported: 1byte transfer, 2byte (One word)
transfers and 4byte transfers. After a transfer in any mode, the transfer source and
transfer destination addresses will either be incremented or-decremented, or will
remain unchanged. This simplifies the transfer of data from memory to memory, from
I/O to memory, from memory to I/0, and from I/O to 1/O. For details of the various
transfer modes, see section 3.6.2 (4) “Detailed description) of the transfer mode
register”.

Since a transfer counter is a 16-bit counter, up-to 65536 micro DMA processing
operations can be performed per interrupt source (Provided that the transfer counter
for the source is initially set to 0000H).

Micro DMA processing can be initiated by any one of 48 different interrupts — the 47
interrupts shown in the micro DMA start vectors in Table 3.6.1and a-micro DMA soft
start.

Figure 3.6.2 shows a 2-byte transfer carried out using a micro DMA cycle in Transfer
Destination Address INC Mode (micro DMA transfers-are the same in every mode
except Counter Mode). (The conditions for this cycle are as follows: both source and
destination memory are internal-RAM and multiple of 4 numbered source and
destination addresses).

1 state

f—1

| @ |el®]|eo
s N7\ ]

A23to /A0 src dst

Note: Infact, src and dst address are not outputted to A23-A0 pins
because they are internal RAM address.

Figure 3.6.2 Timing for micro DMA cycle

States (1) and (2): Instruction fetch cycle (Prefetches the next instruction code)
State (3): Micro DMA read cycle.

State (4): Micro DMA writes cycle.

State (5): (The same as in state (1), (2).)
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(2) Soft start function

The TMP92CF29A can initiate micro DMA/HDMA either with an interrupt or by
using the micro DMA /HDMA soft start function, in which micro DMA or HDMA 1is
initiated by a Write cycle which writes to the register DMAR.

Writing “1” to each bit of DMAR register causes micro DMA or HDMA to be
performed once (If write “0” to each bit, micro DMA doesn’t operate). On completion of
the transfer, the bits of DMAR for the completed channel are-automatically cleared to
“0”.

When writing again “1” to it, soft start can execute continuously until the DMA
transfer counter (DMACn) or HDMA transfer counter B/(HDMACBn) become “0”.

When a burst is specified by the register DMAB; data is transferred continuously
from the initiation of micro DMA until the value inthe micro DMA transfer counter is
“0”. If execatee soft start during micro DMA transfer by interrupt source, micro DMA
transfer counter doesn’t change. Don’t use. Read-modify-write instruction to avoid
writign to other bits by mistake.

Notel: If it is started by software, don’t set any channels to start in same time.

Note2: If be started sequentially, restart it after confirming/micro DMA of all channels is completed (all micro DMA are

set to “0”).

Symbol | Name | Address 7 6 5 4 3 2 1 0
09 DREQ7 | DREQ6 DREQ5 DREQ4 DREQ3 DREQ2 DREQ1 DREQO
109H

DMA L R/W
DMAR Request (Prohibit
q RMW) 0 0 0 0 0 0 0 0
1: Start DMA

(3) Transfer control registers

The transfer source address and-the transfer destination address are set in the
following-registers. An instruction-of the form LDC cr,r can be used to set these

registers.
Channel.0
DMASO Micro DMA source address register O
DMADO Micro DMA destination address register 0
DMACOQ Micro DMA counter register 0
DMAMO | Micro DMA mode register 0
Channel-7
DMAS7 Micro DMA source address register 7
DMAD7 Micro DMA destination address register 7
| DMAC7 Micro DMA counter register 7
DMAM7 | Micro DMA mode register 7
8 bits
16 bits
N 32 bits
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(4) Detailed description of the transfer mode register

[0, 0,0]

’\/'Od|e | ‘DMAMOtoDMAM7

f______J

DMAMn[4:0]

Mode Description

Execution Time

000zz

Destination INC mode
(DMADnN +) <« (DMASn)
DMACh <~ DMACn-1
If DMACnh = 0 then INTTCn

5 states

001zz

Destination DEC mode
(DMADN -) « (DMASN)
DMACnN <« DMACnh-1
If DMACnh = 0 then INTTCn

5 states

010zz

Source INC mode
(DMADN) <« (DMASH +)
DMACnN < DMACnh-1
If DMACnh = 0 then INTTCn

5.states

011zz

Source DEC mode
(DMADn) <« (DMASH -)
DMACn « DMACn-1
If DMACnh = 0 then INTTCn

5 states

100zz

Source and destination INC mode
(DMADnN +) « (DMASNh +)
DMACn « DMACn-1
If DMACnh = 0 then INTTCn

6 states

101zz

Source and destination DEC mode
(DMADN -) «— (DMASn )

DMACn « DMACh-1

If DMACn = 0 then INTTCn

6 states

110zz

Destination and fixed mode
(DMADN) << (DMASN)
DMACn. « DMACn-1
1f DMACnN = 0 then INTTCn

5 states

11100

Counter mode

DMASN. <« DMASh +1
DMACnh <« DMACn -1
If DMACnh = 0 then INTTCn

5 states

ZZ: 00 = 1-byte transfer
01 = 2-byte transfer
10 = 4-byte transfer
11 = Reserved

Note 1: n stands for-.the’'micro. DMA channel number (0 to 7).

DMADnN+/DMASN+: Post increment (Register value is incremented after transfer).
DMADN-/DMASN-: Post decrement (Register value is decremented after transfer).

“1/0” signifies fixed memory addresses; “memory” signifies incremented or decremented memory addresses.

Note 2: The transfer mode register should not be set to any value other than those listed above.

Note 3: The execution state number shows number of best case (1-state memory access).
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3.6.3

Interrupt Controller Operation

The block diagram in Figure 3.6.3 shows the interrupt circuits. The left-hand side of the
diagram shows the interrupt controller circuit. The right-hand side shows the CPU
interrupt request signal circuit and the halt release circuit.

For each of the 59 interrupts channels there is an interrupt request flag (consisting of a
flip-flop), an interrupt priority setting register and a micro DMA /HDMA start vector
register. The interrupt request flag latches interrupt requests from the peripherals.

The flag is cleared to “0” in the following cases: when a reset occurs, when the CPU reads
the channel vector of an interrupt it has received, when the CPU receives a micro DMA
request (when micro DMA is set), when the CPU receives a HDMA request (when HDMA is
set), when a micro DMA burst transfer is terminated, and when an instruction that clears
the interrupt for that channel is executed (by writing a micro DMA start vector to the
INTCLR register).

An interrupt priority can be set independently for each interrupt source by writing the
priority to the interrupt priority setting register (e.g., INTEO or INTE12). Six interrupt
priorities levels (1 to 6) are provided. Setting an interrupt source’s priority level to 0 (or 7)
disables interrupt requests from that source.

If more than one interrupt request with a given priority level are generated
simultaneously, the default priority (The interrupt with the lowest priority or, in other
words, the interrupt with the lowest vector value) is used to determine which interrupt
request is accepted first. The 3rd-and 7th bits of the interrupt priority setting register
indicate the state of the interrupt request flag and thus whether an interrupt request for a
given channel has occurred.

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

When interrupt processing has been completed (e.g., after execution of a RETI instruction),
the CPU restores to SR<IEF2:0> the priority value which was saved on the stack before the
interrupt was generated.

The interrupt.controller/also includes eight registers which are used to store the micro
DMA /HDMA start vector. Writing the start vector of the interrupt source for the micro
DMA or /HDMA processing (See Table 3.6.1), enables the corresponding interrupt to be
processed by micro DMA or HDMA processing. The values must be set in the micro DMA
parameter registers (e.g., DMAS and DMAD) or HDMA parameter registers (e.g., HDMAS,
and HDMAD) prior to micro DMA or HDMA processing.
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Figure 3.6.3 Block Diagram of Interrupt Controller
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(1) Interrupt priority setting registers
Symbol Name Address 7 6 5 4 3 2 1 0
- INTO
INTO - — — _
INTEO FoH | | 10C I0M2 | I0M1 10MO
enable - — R R/W
Always write “0”. 0 o | o 0
INT2 INT1
INT1 & INT2
NTEL Sor I2C om2 | iemi | i2mo 11C M2 | v I1MO
enable R RIW R R/IW
0 o | o | o 0 o | o 0
INT4 INT3
INT3 & INT4 14 14M2
INTE34 D1H C | 14M1 | 14MO 13C 13M2 | 13M1 13M0
enable R R/W R R/W
0 o | o | o 0 o | o 0
INT6 INT5
INT5 & INT6
INTES6 D2H 16C 16M2 | 1I6M1 | 16MO 15C 1I5M2 | I5M1 1I5MO
enable R R/W R R/W
0 0 | 0 | 0 0 0 | 0 0
— INT7
INT7 - - = -
INTE7 D3H | | I7C I7M2 | 7M1 I7MO
enable - - R R/W
Always write “0”. 0 0 | 0 0
INTTAL (TMRA1) INTTAO (TMRAOQ)
INTTAO & INTTAL ITALC ITALIM2 | ITAIM1 | ITAIMO ITAOC ITAOM2 | ITAOM1 ITAOMO
INTETAO1 D4H
enable R RIW R R/IW
0 o | o/ /] o 0 o | o 0
INTTA3 (TMRA3) INTTA2 (TMRA2)
INTTA2 & INTTA3
INTETA23 D5H ITA3C ITA3M2 | ITASM1 | ITA3MO ITA2C ITA2M2 | ITA2M1 ITA2MO
enable R R/W R R/W
0 0 | 0 | 0 0 0 | 0 0
INTTA5 (TMRAS) INTTA4 (TMRA4)
INTTA4 & INTTAS ITA ITASM2 ITASM1 ITASM ITA4 ITAAM2 ITAAM1 ITAAM
INTETA45 D6H SC 5 | S | SMO € | 0
enable R R/W R RIW
0 o 0o | o 0 o | o 0
INTTA7 (TMRA7) INTTA6 (TMRAG)
INTTAG & INTTA7
INTETAG7 D7H ITA7C ITATM2 | ITA7TM1 | ITA7TMO ITA6C ITA6M2 | ITAGM1 ITAGMO
enable R R/W R R/W
0 o | o | o 0 o | o 0
IXxXM2 [ IxxM1 | IxxMO Function (Write)
0 0 0 Disables interrupt requests
0 0 1 Sets interrupt priority level to 1
0 1 0 Sets interrupt priority level to 2
Interrupt request flag : L — £
0 1 1 Sets interrupt priority level to 3
1 0 0 Sets interrupt priority level to 4
1 0 1 Sets interrupt priority level to 5
1 1 0 Sets interrupt priority level to 6
1 1 1 Disables interrupt requests
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Symbol Name Address 7 6 5 4 3 2 1 0
INTTBO1 (TMRBO) INTTBOO (TMRBO)
INTTBOO & iTBo1C | ITBotm2 | ITBomz1 | ITBoimo | iTBooc | ITBoom2 | iTBOOMI | ITBOOMO
INTETBO  [INTTBO1 D8H
R RIW R RIW
enable
0 o | o | o 0 o | o | o
INTTB11 (TMRB1) INTTB10 (TMRB1)
INTTB10 & ITB11C | ITB11M2 | ITB11M1 | ITB11MO | ITB10C |ITB10M2 | ITB10M1 | ITB10OMO
INTETB1  [INTTB11 D9H
R R/W R R/W
enable
0 0 | 0 | 0 0 0 | 0 | 0
INTTXO INTRXO
INTRX0 & imxoc | rmxom2 | imxom1 | imxomo | irxoc. | 1Rxom2 | irxom1 | IRxomo
INTESO  [INTTXO DBH
R RIW R R/W
enable
0 o | o | o 0 o | o | o
INTTX1 INTRX1
INTRX1 &
ITX1C | ITX1M2 | ITXIM1 | ITXIMO | IRX1C | IRX1M2 | IRXIM1 | IRX1MO
INTES1  [INTTX1 DCH
enable R RIW R RIW
0 o | o/ o 0 o | o | o
INTADM INTSBI
INTSBI &
IADMOC IADMM2| IADMM1 | IADMMO | ISBIOC | “ISBIM2 | ISBIM1 | ISBIMO
INTESBIADM |INTADM EOH
R RW R RIW
enable
0 0 | 0 | 0 0 0 | 0 | 0
INTSPITX INTSPIRX
NTEsp |INTSP! E1H ISPITC | ISPITM2 | ISPITM1 | ISPITMO | ISPIRG | ISPIRM2 | ISPIRM1 | ISPIRMO
enable R R/W R R/W
0 o |” o | o 0 o | o | o
- INTUSB
INTUSB - A _ N
NTEUSE Ea | | wsec | wsem2 | usem1 | 1usemo
enable = - R R/IW
Always write “0”. 0 0 | 0 | 0
- INTALM
INTALM - - ~ - iaMc | 1aLMm2 | 1ALMME | IALMMO
INTEALM E5H
enable 3 — R R/W
Always write “0”. 0 0 | 0 | 0
< INTRTC
INTRTC - - - -
INTERTC S IRC IRM2 | IRM1 | IRMO
enable - - R R/W
Always write “0". 0 0 | 0 | 0

Interrupt request flag

IXxM2 | IxxM1 | IxxMO Function (Write)

0 0 0 Disables interrupt requests

0 0 1 Sets interrupt priority level to 1
0 1 0 Sets interrupt priority level to 2
0 1 1 Sets interrupt priority level to 3
1 0 0 Sets interrupt priority level to 4
1 0 1 Sets interrupt priority level to 5
1 1 0 Sets interrupt priority level to 6
1 1 1 Disables interrupt requests
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Symbol Name Address 7 6 5 4 3 2 1 0
— INTKEY
INTKEY — — - — IK IKM2 IKM1 IKM
INTEKEY E9H | | c | | 0
enable — — R R/W
Always write “0”. 0 0 | 0 | 0
- INTLCD
INTLCD - - - _
NTELCD A iLcpic | ieomz | icomt | iLcomo
enable - - R R/W
Always write “0". 0 0 | 0 | 0
— INTI2S0
INTI2S0 - - - —
NTERSO con r2soc’ | i2som2 | i2som1 | 2somo
enable — — RIW RIW
Always write “0”. 0 0 | 0 | 0
INTRSC INTRDY.
INTRSC & IRSCC | IRSCM2 | IRSCM1 | IRSCMO | IRDYC | IRDYM2 | IRDYM1 | IRDYMO
INTENDFC |INTRDY ECH
R R/W R R/W
enable
0 o | o J o 0 o | o | o
- INTPO
INTPO - - - =
NTEPO cen | | ipoc | “pom2 | ipom1 | 1pomo
enable — - R R/W
Always write “0™. 0 0 | 0 |
INTADHP INTAD
INTAD &
IADHPC IADHPM2|IADHPM1|IADHPMO IADC IADM2 | IADM1 | IADMO
OINTEAD INTADHP EFH
R R/W R/W R/W
enable
0 o | o | o 0 o | o | o
IXxM2 | IxxM21. | IxxMO Function (Write)
0 0 0 Disables interrupt requests
0 0 1 Sets interrupt priority level to 1
0 1 0 Sets interrupt priority level to 2
Interrupt requestflag : 2 p_ _y
0 1 1 Sets interrupt priority level to 3
1 0 0 Sets interrupt priority level to 4
1 0 1 Sets interrupt priority level to 5
1 1 0 Sets interrupt priority level to 6
1 1 1 Disables interrupt requests
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Symbol Name Address 7 6 5 4 3 2 1 0
INTTC1/INTDMAL INTTCO/INTDMAO
INTETCO1 INTTCO/INTDMAO & ITC1C ITC1M2 ITC1M1 ITC1IMO ITCOC ITCOM2 ITCOM1 ITCOMO
/INTEDMAOL INTTC1/INTDMAL F1H /IDMA1C [/IDMA1IM2 [/IDMA1M1|/IDMA1IMO|/IDMAOC |/IDMAOM2|/IDMAOM1 |/IDMAOMO
enable R R/W R R/W
0 0 0 0 0 0 0 0
INTTC3/INTDMA3 INTTC2/INTDMA2
INTETC23 INTTC2/INTDMA2 & ITC3C ITC3M2 ITC3M1 ITC3MO ITC2C ITC2M2 ITC2M1 ITC2MO
INTEDMA23 INTTC3/INTDMA3 F2H /IDMA3C |/IDMA3M2|/IDMA3M1|/IDMA3MO[/IDMA2C | IDMA2M2{/IDMA2M1 |/IDMA2MO
enable R R/W R R/W
0 0 0 0 0 0 0 0
INTTC5/INTDMAS INTTC4/INTDMA4
INTETC45 INTTC4/INTDMA4 & ITC5C ITC5M2 ITC5M1 ITC5MO ITC4C ITC4AM2 ITC4M1 ITC4MO
/INTEDMAA5 INTTC5/INTDMAS F3H /IDMA5C [/IDMA5M2 [/IDMA5M1 |/IDMASMO|/IDMAA4C |/IDMA4M2|/IDMA4M1 |/IDMA4MO
enable R R/W R R/W
0 o | o | o 0 o | o | o
INTTC7 (DMA7) INTTC6 (DMAG)
INTTC6 & INTTC7 ITC7C ITC7M2 | ITC7M1 | ITC7MO ITC6C ITC6M2 | ITC6M1 | ITC6MO
INTETC67 F4H
enable R R/W R R/W
0 o | o [ o 0 o "o | o
= INTWD
NTwor  |NTWP - - - | - | - ITCWD - | - | -
enable - N R
Always write “0". 0 — | — | —
IxxM?2 IXxM1 IXXMO Function (Write)
0 0 0 Disables interrupt requests
0 0 1 Sets interrupt priority level to 1
0 1 0 Sets interrupt priority level to 2
0 1 1 Sets interrupt priority level to 3
Interrupt request flag , —
1 0 0 Sets interrupt priority level to 4
1 0 1 Sets interrupt priority level to 5
1 1 0 Sets interrupt priority level to 6
1 1 1 Disables interrupt requests
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(2) External interrupt control
Symbol| Name |Address 7 6 5 4 3 2 1 0
ISEDGE 14EDGE I3BEDGE I2EDGE I1EDGE IOEDGE IOLE -
W R/IW R/IW
Interrupt F6H 0 0 0 0 0 0 0 0
IIMCO |input mode | (Prohibit INTSEDGE (INT4EDGE |INT3EDGE |INT2EDGE |INT1EDGE (INTOEDGE [INTO Always
control 0 RMW) 0: Rising  |0: Rising 0: Rising |0: Rising [O: Rising |0: Rising [0:Edge write “0”
1: Falling [1: Falling 1: Falling [1: Falling |1: Falling [1:/Falling mode
1: Level
mode
I7TEDGE I6EDGE
w
Interrupt FAH
IIMC1 |input mode | (Prohibit 0 0
control 1 RMW) INT7EDGE |INT6EDGE
0: Rising |0: Rising
1; Falling ., |1: Falling

Note 1: Disable INTO request before changing INTO pin mode from level sense to edge sense. (change <IOLE>from

“1" to “0”)
DI
LD
LD

(IIMCO), XXXXXX0-B
(INTCLR), 0AH

NOP

NOP

NOP

El

X: Don't care, —: No change

; Switches from-level to edge.

; Clears interrupt request flag:

;’Wait El execution

Note 2: See electrical characteristics in.section 4 for external'interrupt input pulse width.

Note 3: In port setting, if 16 bit timer input/is selected and capture control is executed, INT6 and INT7 don’t depend on
IIMC1 register setting. INT6-and INT7 operate by setting TBhAMOD<TBnCPM1:0>.

Settings of External Interrupt Pin Function

Interrupt Pin‘Name Mode Setting Method
I Rising-edge <IOLE> = 0,<I0EDGE> = 0
INTO PCO T\ Falling edge <IOLE> =0, <IOEDGE> = 1
_J/ ~\_ " _High level <IOLE>=1
INTL pC1 I Rising edge <I1EDGE>=0
I\ Falling edge <I1IEDGE>=0
o pC2 S Rising edge <I2EDGE>=0
T\ Falling edge <I2EDGE>=1
NTS - ,n Rising edge <I3EDGE> =0
T\ Falling edge <I3EDGE>=1
INT4 P96 S Rising edge <I4EDGE> =0
T\ Falling edge <I4EDGE> = 1
INTS op3 a Rising edge <ISEDGE> =0
S\ Falling edge <ISEDGE> — 1
INT6 oPa _/ Rising edge <IBEDGE> =0
T\ Falling edge <IEDGE> = 1
INT7 PP 7 Rising edge <I7EDGE> =0
T\ Falling edge <I7EDGE> - 1
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(3) SIO receive interrupt control

Symbol | Name | Address 7 6 5 4 3 2 1 0
- - IR1LE IROLE

W w
SIO 0 0 1 1
interrupt FSH_ Always Always O:INTRX1 |O:INTRXO
SiMc mode (Prohibit write “0” write “0” edge edge
control RMW) | (Note) mode mode
L:IINTRX1 | 1:INTRXO
level level
mode mode

Note: When using the micro DMA transfer end interrupt, always write “1”.

INTRX edge enable
0 Edge detect INTRX

1 “H” level INTRX
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(4) Interrupt request flag clear register
The interrupt request flag is cleared by writing the appropriate micro DMA /HDMA
start vector, as given in Table 3.6.1 to the register INTCLR.

For example, to clear the interrupt flag INTO, perform the following register
operation after execution of the DI instruction.

INTCLR «— O0AH ; Clears interrupt request flag INTO.
Symbol Name Address 7 6 5 4 3 2 1 0
F8H CLRV7 CLRV6 CLRV5 CLRV4 CLRV3 CLRV2 CLRV1 CLRVO
Interrupt " W
INTCLR clear Cﬁntl’0| (Prohibit | | | | | | |
RMW) 0 0 0 0 0 0 0 0
Interrupt vector

(5) Micro DMA start vector registers

These registers assign micro DMA/HDMA processing to sets which source
corresponds to DMA. The interrupt source-whose micro DMA /HDMA start vector
value matches the vector set in one of these registers is designated ‘as the micro DMA
/HDMA start source.

When the micro DMA transfer counter (DMACn) or HDMA transfer counter B
(HDMACBn) value reaches “0”, the ‘micro DMA /HDMA transfer end interrupt
corresponding to the channelis sent to the interrupt controller, the micro DMA /HDMA
start vector register is cleared, andthe micro DMA/HDMA start source for the channel
is cleared. Therefore, in order for micro DMA /HDMA processing to continue, the micro
DMA /HDMA start vector register must be set again during processing of the micro
DMA /HDMA transfer end-interrupt.

If the same vector is set in the micro DMA/HDMA start vector registers of more than
one channel, the lowest numbered channel takes priority.

Accordingly, if the same vector is-set in-the micro DMA /HDMA start vector registers
for two different channels, the interrupt generated on the lower-numbered channel is
executed until- micro DMA /HDMA transfer is complete. If the micro DMA /HDMA start
vector for-this channel-has not been set in the channel’s micro DMA /HDMA start
vector register again, micro DMA /HDMA transfer for the higher-numbered channel
will be commenced. (This process is known as micro DMA /HDMA chaining.)
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Symbol | Name | Address 7 6 5 4 3 2 1 0
DMAO DMAOV5 | DMAOV4 DMAOV3 | DMAOV2 | DMAOV1 | DMAQOVO
R
DMAQV | start 100H w
o | o | o | o | o | o
vector
DMAO start vector
DMAL DMA1V5 | DMA1V4 | DMA1V3 | DMA1V2 | DMA1V1 | DMA1VO0
DMALV | start 101H RIW
0 | 0 | 0 | 0 | 0 | 0
vector
DMAI1 start vector
DMA2 DMA2V5 | DMA2V4 | DMA2V3 | DMA2V2 | DMA2V1 | DMA2V0
DMA2V | start 102H RAY
o | o | o] 0o | o | o
vector
DMAZ2 start vector
DMA3 DMA3V5 | DMA3V4 | DMA3V3 | DMA3V2 | DMA3V1 | DMA3VO0
R/W
DMA3V | start 103H
o | o | o | o ]l o | o
vector
DMA3 start vector
DMA4V5 | DMA4V4 | DMA4V3 | DMA4V2 | DMA4V1 | DMA4V0
DMA4
R/W
DMA4V | start 104H
0 | 0 | 0 | 0 | 0 | 0
vector
DMA4 start vector
DMA5V5 | DMA5V4 | DMA5SV3 | DMA5V2 | DMA5V1 | DMA5VO
DMAS
R/W
DMAS5V | start 105H
0 | 0 | 0 | 0 | 0 | 0
vector
DMADS start vector
DMAG6V5 | DMAGBV4 | DMA6V3 | DMA6V2 | DMA6V1 | DMA6VO
DMAG6
R/W
DMAGV | start 106H
0 | 0 | 0 | 0 | 0 | 0
vector
DMAG start vector
DMA7V5 | DMA7V4 | DMA7V3 | DMA7V2 | DMA7V1 | DMA7V0
DMA7
R/W
DMA7V | start 107H
0 | 0 | 0 | 0 | 0 | 0
vector
DMAY7 start vector

(6)/ Micro DMA/HDMA select register
This register selectable that is started either Micro DMA or HDMA processing.

Micro DMA /HDMA start vector register (DMAnV) shared with both functions. When
interrupt which match with vector value that is set to DMA/HDMA start vector
register generated, use this register.

Symbol | NAME | Address 7 6 5 4 3 2 1 0
DMASEL5| DMASEL4 | DMASEL3 | DMASEL?2 [ DMASEL1 | DMASELO
Micro R/W
DMA/

DMASEL 10AH 0 0 0 0 0 0
HDMA 0:Micro  |0:Micro 0:Micro 0:Micro 0:Micro 0:Micro
select DMAS DMA4 DMA3 DMA2 DMA1 DMAO

1:HDMA5 |1:HDMA4 |1:HDMA3 [1:HDMA2 |1:HDMA1 [1:HDMAO
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(7) Specification of a micro DMA burst

Specifying the micro DMA burst function causes micro DMA transfer, once started,

to continue until the value in the transfer counter register reaches “0”. Setting any of

the bits in the register DMAB which correspond to a micro DMA channel (as shown

below) to “1” specifies that any micro DMA transfer on that channel will be a burst

transfer.
Symbol | Name Address 7 6 5 4 3 2 1 0
DBST7 DBST6 DBST5 DBST4 DBST3 DBST2 DBST1 DBSTO
DMAB DMA burst 108H R
0 o | o | o J o | o o | o
1: DMA request on Burst mode
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(8) Notes

The instruction execution unit and the bus interface unit in this CPU operate
independently. Therefore, if immediately before an interrupt is generated, the CPU
fetches an instruction which clears the corresponding interrupt request flag, the CPU
may execute this instruction in between accepting the interrupt and reading the
interrupt vector. In this case, the CPU will read the default vector 0004H and jump to
interrupt vector address FFFF04H.

To avoid this, an instruction which clears an interrupt request flag should always be
preceded by a DI instruction. And in the case of setting an interrupt enable again by EI
instruction after the execution of clearing instruction, execute EI instruction after
clearing and more than 3-instructions (e.g., “NOP” x 3 times). If placed EI instruction
without waiting NOP instruction after execution of clearing instruction, interrupt will
be enable before request flag is cleared.

In the case of changing the value of the interrupt mask register <IFF2:0> by
execution of POP SR instruction, disable -an_interrupt by DI instruction before
execution of POP SR instruction.

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

In level mode INTO is not an-edge-triggered interrupt. Hence, .in level mode the interrupt request
flip-flop for INTO does not function. The peripheral interrupt request passes through the S input of the
flip-flop and becomes the 'Q output..If the interrupt input mode, is changed from edge mode to level
mode, the interrupt request flag.is cleared automatically.

If the CPU enters the interrupt response sequence as a result of INTO going from 0 to 1, INTO must then
be held at 1 until the interrupt response sequence has been completed. If INTO is set to level mode so as
to release a halt state, INTQ must be held at 1 from the time INTO changes from 0 to 1 until the halt state
is released. (Hence, itis-necessary to ensure that input/noise is not interpreted as a 0, causing INTO to
revert to O before the halt state has been released.)

INTO level mode When the mode changes from level mode to edge mode, interrupt request flags which were set in level

mode will-not be cleared. Interrupt request flags must be cleared using the following sequence.

DI

LD (IIMCO0), 00H ;  Switches from level to edge.
LD(INTCLR), OAH ; ~Clears interrupt request flag.
NOP ;. Wait-El execution

NOP

NOP

El

In level mode (The register SIMC<IRXLE> set to “1"), the interrupt request flip-flop can only be cleared

INTRX

by a reset or by reading the serial channel receive buffer. It cannot be cleared by writing INTCLR
register.

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

request flag.

INTO: Instructions which switch to level mode after an interrupt request has been generated in edge mode.

The pin input changes from high to low after an interrupt request has been generated in level mode. (“H” — “L”")

INTRX: Instructions which read the receive buffer.
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3.7 DMAC (DMA Controller)

The TMP92CF29A incorporates a DMA controller (DMAC) having six channels. This DMAC
can realize data transfer faster than the micro DMA function by the 900/H1 CPU.

The DMAC has the following features:

1)
2)

3)

4)

5)

6)

7)

8)

Six independent channels of DMA
Two types of transfer start requests

Hardware request (using an interrupt source connected with the INTC) or software
request can be selected for each channel.

Various source/destination combinations

The combination of transfer source and destination can be selected for each channel
from the following four types: memory to memory, memory to I/0, I/O to memory, I/O to
1/0.

Transfer address mode

Only the dual address mode is supported.
Dual-count mechanism and DMA end interrupt

Two count registers are provided to execute multiple DMA transfers by one DMA
request and to generate multiple DMA requests at a time. The DMA end interrupt
(INTDMAO to INTDMAD) is also provided so that a general-purpose interrupt routine
can be used to prepare for the next processing.

Priorities among DMA channels (the same as the miecro DMA acceptance specifications
of the INTC)

DMA requests are basically accepted in the order in which they are asserted. If more
than one request is asserted simultaneously or it looks as if two requests were asserted
simultaneously because one of the requests has been put on hold while other processing
was being performed, the smaller-numbered channel is given a higher priority.

DMAC bus occupancy limiting function

The DMAC incorporates a special timer for limiting its bus occupancy time to avoid
excessive interference with the CPU or LCDC operation.

The DMAC can be used in HALT (IDLE2) mode.
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3.7.1  Block Diagram
Figure 3.7.1 shows an overall block diagram for the DMAC.

Bus
Multiplexer
Address Bus
State
SDRAM Controller LCD Controller
JAddress Bus
Data Bus
State Source Memory, 1/0
T Bus ACK JAddress Bus
INTC (Interrupt Controller) 8‘ 6 Data Bus
Bus REQ % § Istate
CPU 3 a
Interrupt REQ 31
—>] 7 0
DMAnV DMASN | |
—DMAC or micro DMA request —Micro DMA source address setting Destination Memory, /O
source setting Address Bus
DMADN | | JAddress Bus
—Micro DMA destination-address setting| Data Bus
—DMAC or micro DMA soft start 15 o |State
setting icro DMA REQ, DMACn [State
icro DMA Channel
DMAB —Micro DMA transfer count setting
7 0
—Micro DMA burst setting
Micro DMA ACK, DWEMG [ ]
DMASEL I:l INTTCn —Micro DMA mode setting
—DMAC or micro DMA select

setting
203
x <
a (%)
=]
DMAC & a
DMA REQ,
DMA Channel 31 0 B Address Bus
DMA ACK, HDMASN | S
tate
INTDMAN —DMA source address setting
HDMADN | | Data Bus
—DMA destination address setting
15 0
HDMACAnN

—DMA transfer count A setting
HDMACBnN

—DMA transfer count B setting

HDMAMnN

—DMA mode setting

il

HDMAE

—DMA operation enable/disable

|

HDMATR

—DMA maximum bus occupancy
time setting, mode setting

Note: “n” denotes a channel number. Micro DMA has eight channels (0 to 7) and DMA has six channels (0 to 5).

Figure 3.7.1 Overall Block Diagram
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3.7.2 SFRs
The DMAC has the following SFRs. These registers are connected to the CPU via a 16-bit
data bus.
(1) HDMASn (DMA Transfer Source Address Setting Register)

The HDMASN register is used to set the DMA transfer source address. When the
source address is updated by DMA execution, HDMASn is also updated.

HDMASO to HDMASS5 have the same configuration.

Although the bus sizing function is supported, the address alignment function is not
supported. Therefore, specify an even-numbered address fortransferring 2 bytes and
an address that is an integral multiple of 4 for transferring 4 bytes.

HDMASN Register
7 6 5 4 3 2 1 0
HDMASN | bit Symbol DnSA7 DnSA6 DnSAS5 DnSA4 DnSA3 DnSA2 DnSA1 DnSAQ
Read/Write R/W
Reset State o | o o | o | o | o 0 0
Function Source address [7:0] for DMAn
15 14 13 12 11 10 9 8
bit Symbol DnSA15 DnSA14 DnSA13 DnSA12 DnSA11 DnSA10 DnSA9 DnSA8
Read/Write R/W
Reset State o | o o o [ o | o 0 0
Function Source address [15:8] for DMAN
23 22 21 20 19 18 17 16
bit Symbol DnSA23 DnSA22 DnSA21 DnSA20 DnSA19 DnSA18 DnSA17 DnSA16
Read/Write RIW
Reset State o | o o | o | 0o | o 0 0
Function Source address [23:16] for DMAN
Source-address Source'address )
[23:16] [15:8] Source address [7:0]
HDMASO
Channel 0
(0902H) (0901H) (0900H)
HDMAS1
Channel 1
(0912H) (0911H) (0910H)
HDMAS2
Channel 2
(0922H) (0921H) (0920H)
HDMAS3
Channel 3
(0932H) (0931H) (0930H)
HDMAS4
Channel 4
(0942H) (0941H) (0940H)
HDMAS5
Channel 5
(0952H) (0951H) (0950H)
Note: Read-modify-write instructions can be used on all these registers.
Figure3.7.2 HDMASN Register
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(20 HDMADn (DMA Transfer Destination Address Setting Register)

The HDMADn register is used to set the DMA transfer destination address. When
the destination address is updated by DMA execution, HDMADn is also updated.

HDMADO to HDMADS5 have the same configuration.

Although the bus sizing function is supported, the address alignment function is not
supported. Therefore, specify an even-numbered address for transferring 2 bytes and
an address that is an integral multiple of 4 for transferring 4 bytes.

HDMADnN Register

7 6 5 4 3 2 1 0
HDMADN | bit Symbol DnDA7 DnDAG6 DnDAS DnDA4 DnDA3 DnDA2 DnDAl DnDAO
Read/Write R/W
Reset State 0 o | o | o | o [ 9o | o | o
Function Destination address [7:0] for DMAn
15 14 13 12 11 10 9 8
bit Symbol DnDA15 DnDA14 DnDA13 DnDA12 DnDA11 DnDA10 DnbDA9 DnDA8
Read/Write R/W.
Reset State 0 0 | 0 | 0 | 0 | 0 | 0 | 0
Function Destination-address [15:8] for DMAn
23 22 21 20 19 18 17 16
bit Symbol DnDA23 DnDA22 DnDA21 DnDA20 DnDA19 DnDA18 DnDA17 DnDA16
Read/Write R/W
Reset State 0 o | ol 0o | o | o 0 0
Function Destination address [23:16] for DMAn
Destination address Destination address Destination address
[23:16] [15:8] [7:0]
HDMADO
Channel 0
(0906H) (0905H) (0904H)
HDMAD1
Channel 1
(0916H) (0915H) (0914H)
HDMAD2
Channel 2 (0925H)
(0926H) (0924H)
HDMAD3
Channel 3
(0936H) (0935H) (0934H)
HDMAD4
Channel4
(0946H) (0945H) (0944H)
HDMADS5
Channel 5
(0956H) (0955H) (0954H)

Note: Read-modify-write instructions can be used on all these registers.

Figure3.7.3 HDMADnN Register
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HDMACAnN

(3) HDMACAn (DMA Transfer Count A Setting Register)

The HDMACAn register is used to set the number of times a DMA transfer is to be
performed by one DMA request. HDMACAnN contains 16 bits and can specify up to
65536 transfers (0001H = one transfer, FFFFH = 65535 transfers, 0000H = 65536
transfers). Even when the transfer count A is updated by DMA execution, HDMACAn
is not updated.

HDMACAO to HDMACAS5 have the same configuration.

HDMACAnN Register

7 6 5 4 3 2 1 0
bit Symbol DnCA7 DnCA6 DnCA5 DnCA4 DnCA3 DnCA2 DnCAl DnCAO0
Read/Write RIW
Reset State o | o | o | o | o [ 0o ] o | o
Function Transfer count A [7:0] for DMAn

15 14 13 12 11 10 9 8
bit Symbol DnCA15 | DnCAl4 DnCA13 DnCA12 DnCAl1l DnCA10 DnCA9 DnCA8
Read/Write R/IW
Reset State o | o | o | o | 0| o [ o1 o
Function Transfer count A [15:8] for DMAN

Transfer count A Transfer.count A
[15:8] [7:0]
HDMACAO
Channel 0
(0909H) (0908H)
HDMACA1
Channel 1
(0919H) (0918H)
HDMACA2
Channel 2
(0929H) (0928H)
HDMACA3
Channel 3
(0939H) (0938H)
HDMACA4
Channel 4
(0949H) (0948H)
HDMACAS
Channel 5
(0959H) (0958H)

Note: Read-modify-write instructions can be used on all these registers.

Figure3.7.4 HDMACAnN Register

92CF29A-98 2009-06-11



TOSHIBA TMP92CF29A

(4) HDMACBn (DMA Transfer Count B Setting Register)

The HDMACBnN register is used to set the number of times a DMA request is to be
made. HDMACBnN contains 16 bits and can specify up to 65536 requests (0001H = one
request, FFFFH = 65535 requests, 0000H = 65536 requests). When the transfer count
B is updated by DMA execution, HDMACBn is also updated.

HDMACBO to HDMACBS5 have the same configuration.

HDMACBnN Register

7 6 5 4 3 2 1 0
HDMACBN | bit Symbol DnCB7 DnCB6 DnCB5 DnCB4 DnCB3 DnCB2 DnCB1 DnCBO

Read/Write R/W
Reset State o | o | o | o | o /o] o | o
Function Transfer count B [7:0] for DMAn

15 14 13 12 11 10 9 8
bit Symbol DnCB15 | DnCB14 DnCB13 DnCB12 DnCB11 DnCB10 DnCB9 DnCB8
Read/Write R/W
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Function Transfer count B [15:8] for DMAn

Transfer count B Transfer count B
[15:8] [7:0]
HDMACBO
Channel 0
(090BH) (090AH)
HDMACB1
Channel 1
(091BH) (091AH)
HDMACB2
Channel 2
(092BH) (092AH)
HDMACB3
Channel 3
(093BH) (093AH)
HDMACB4
Channel 4
(094BH) (094AH)
HDMACB5
Channel 5
(095BH) (095AH)

Note: Read-modify-write instructions can be used-on-all these registers.

Figure3.7.5-HDMACBnN Register
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(5)  HDMAMn (DMA Transfer Mode Setting Register)
The HDMAMn register is used to set the DMA transfer mode.
HDMAMO to HDMAMS5 have the same configuration.
HDMAMnN Register
7 6 5 4 3 2 1 0
HDMAMnN | bit Symbol DnM4 DnM3 DnM?2 DnM1 DnMO
Read/Write R/W
Reset State 0 | 0 | 0 0 | 0
Function DMA transfer mode Transfer data size
000: Destination INC (I/O0.— MEM) | 00: 1 byte
001: Destination DEC (I/0— MEM).{-01: 2 bytes
010: Source INC (MEM — 1/O) 10: 4 bytes
011: Source DEC (MEM - 1/O) 11: Reserved
100: Source/destination INC
(MEM — MEM)
101: Source/destination-DEC
(MEM -5 MEM)
110: Sourcel/destination fixed
(/0= 110O)
111:Reserved (Note2)
Transfer mode
[7:0]
HDMAMO
Channel 0
(090CH)
HDMAM1
Channel 1
(091CH)
HDMAM2
Channel 2
(092CH)
HDMAMS3
Channel 3
(093CH)
HDMAM4
Channel 4
(094CH)
HDMAM5
Channel 5
(095CH)

Note 1: Read-modify-write instructions can be used on all these registers.

Note 2: INC: Post-increment

Dec: Post-decrement

1/O: Fixed memory address

MEM: Memory address-to be incremented or decremented

Figure3.7.6 HDMAMnN Register
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(6) HDMAE (DMA Operation Enable Register)
The HDMAE register is used to enable or disable the DMAC operation.
Bits 0 to 5 correspond to channels 0 to 5. Unused channels should be set to “0”.

HDMAE Reqgister

7 6 5 4 3 2 1 0
HDMAE | bit Symbol DMAES5 DMAE4 DMAE3 DMAE2 DMAE1 DMAEO
(097EH) | Read/Write RIW
Reset State 0 | 0 | 0 | 0 | 0 | 0
Function DMA channel operation
0: Disable
1: Enable

Note: Read-modify-write instructions can be used on this register.

Figure3.7.7 HDMAE Register

(7 HDMATR (DMA Maximum Bus Occupancy Time Setting Register)

The HDMATR register is used to set the maximum duration of time the DMAC can
occupy the bus. The TMP92CF29A does not have priority levels for bus arbitration.
Therefore, once the DMAC owns the bus, other masters (such as/the LCDC) must wait
until the DMAC completes its transfer operation andreleases the bus. This could lead
to problems in the system. For example, if the LCDC c¢annot own the bus as required,
the LCD display function may not work properly. To avoid such a situation, the DMAC
limits the duration of its bus-oecupancy by using this'timer register. When the DMAC
occupies the bus for the/duration of time set in this register, it releases the bus even if
the specified DMA operation has not been completed yet. After waiting for 16 states,
the DMAC asserts’a bus request again to execute the rest of the DMA operation.

The DMAC counts the bus occupancy time regardless of which channel is occupying
the bus. To set.the maximum bus occupancy time, ensure that the HDMAE register is
set to “O0H” and'set HDMATR<DMATE>t0“1” and <DMATRG6:0> to the desired value.

Note: In case of using S/W start with HDMA, transmission start is to set to “1” DMAR register. However DMAR
register can't be used to confirm flag of transmission end. DMAR register reset to “0” when HDMA release bus

occupation once with HDMATR function.

HDMATR Register

7 6 5 4 3 2 1 0
HDMATR [hit Symbol DMATE DMATR6 | DMATR5 | DMATR4 | DMATR3 | DMATR2 | DMATR1 | DMATRO
(097FH) | Read/Write R/W
Reset State 0 o o | o [ o [ o | o | o
Function Timer Maximum bus occupancy time setting
operation The value to be set in <DMATR6:0> should be obtained by
0: Disable “maximum bus occupancy time / (256/fsys)”.
1: Enable “00H” cannot be set.

Note: Read-modify-write instructions can be used on this register.

Figure3.7.8 HDMATR Register
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3.7.3 DMAC Operation Description

(1) Overall flowchart

Figure 3.7.9 shows a flowchart for DMAC operation when an interrupt (DMA) is
requested.

[ Interrupt (DMA) request ]

To general-purpose interrupt or

Aterrupt specified B No. - micro DMA processing flow

DMA staW

Yes

Interrupt request F/F clear
& bus REQ assert

oo
Yes
Internal timer start |

—

HDMASH.read |

I}

| HDMADnN write |

No
-1=0?

(0]
HDMACAN

[ Yes
|
| Bus REQ deassert |

Figure 3.7.9 Overall Flowchart
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(2)

(3

Bus arbitration

The TMP92CF29A includes three controllers (DMA controller, LCD controller,
SDRAM controller) that function as bus masters apart from the CPU. These controllers
operate independently and assert a bus request as required. The controller that
receives a bus acknowledgement acts as the bus master. No priorities are assigned to
these three controllers, and bus requests are processed in the order in which they are
asserted. Once one of the controllers owns the bus, bus requests from other controllers
are put on hold until the bus is released again. While one of the controllers is occupying
the bus, CPU processing including non-maskable interrupt requests is also put on hold.

Transfer source and destination memory setting

Either internal or external memory can be set as the source and destination memory
or I/0 to be accessed by the DMAC. Even when the MMU is used in external memory,
the addresses to be accessed by the DMAC should be specified usinglogical addresses.
The DMAC accesses the specified source and destination addresses according to the
bus width and number of waits set in the memory controller and the bank settings
made in the MMU.

Although the bus sizing function is’supported, the address alignment function is not
supported. Therefore, specify an even:numbered address for transferring 2 bytes and
an address that is an integral multiple of 4 for transferring 4 bytes.

Table 3.7.1 Difference point of address setting between HDMA and micro DMA

Data Length HDMA Micro DMA
1lbyte NoO restriction
Source address 2byte Even-address
4b i i
yte Address in multiples of 4 No restriction
1byte No restriction
Destination address 2byte Even address
4byte Address in multiples of 4

(4)

| 1
—L-CPU execution cycle—!—>'«— DMAC/read —»<«———— DMAC/write ——————j<

Operation timing

The following diagram shows an'example of operation timing for transferring 2 bytes
from 16-bit memory connected with the CS2 area to 8-bit memory connected with the
CSl area.

1

1

cycle
1

CPU execution

—

1 1 1
1 1 1
1 1 1
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busak s N\ A e e e N N T N S A
—_— 1 1 1 1 1 1 l\ 1 1 ! V T T T T T T T 1 1 1
cs2 D oeqemctoodo il G 1 L
S ! Undefined after interrupt ! ' ' B N ! ! ' ! ! ! oo '
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3.7.4  Setting Example

This section explains how to set the DMAC using an example.

(1) Transferring music data from internal RAM to I12S by DMA transfer

The 32 Kbytes of data stored in the internal RAM at addresses 2000H to 9FFFH
shall be transferred to FIFO-RAM via I2S. Each time an INTI2S request is asserted, 64
bytes (4 bytes x 16 times) shall be transferred to FIFO-RAM using DMAC channel 0.
Since INTI2S is an FIFO empty interrupt, the first data 'must be set in advance.
Therefore, only the first 64 bytes shall be transferred by DMA soft start. After 32
Kbytes have been transferred, the INTDMAO interrupt routine shall be activated to
prepare for the next processing.

(a) Main routine

No Instruction Comments
1 Idl (hdmas0),2000H ; Source address = 2000H
2 Idl (hdmad0),i2sbuf ; Destination address = i2sbuf
3 Idw (hdmaca0),16 ; Counter A= 16
4 ldw  (hdmacb0),512 ; Counter B =512 (32768/64)
5 ldb  (hdmamO0),0AH ; Transfer mode = source INC, 4 bytes
6 set  0,(hdmae) ; Enable DMA channel 0.
7 Id (dmar),01H ;- Transfer the first 64 bytes-by DMA(Soft start.
8 nop ;
9 Id (dmaOv),i2s_vector +INTI2S = DMAO
10 Id (intedma01),xxH ; INTDMA level = x
11 ldw  (i2sctl0),xxxxH ; Set operation mode for I°S|
12 ldw  (i2sctl1),xxxxH ; Start I°S transmission.
13 ei XX ; Enable CPU interrupts.

(b) INTDMADO interrupt routine

No Instruction Comments
1 res. 0,(hdmae) ;/Disable DMA channel 0.
2 .
3
4
5
6
7
8
9
10
11 reti
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3.7.5 Note
In case of using S/W start with HDMA, transmission start is to set to “1” DMAR register.
However DMAR register can't be used to confirm flag of transmission end. DMAR register
reset to “0” when HDMA release bus occupation once with HDMATR function. We
recommend to use HDMACBn register (counter value) to confirm flag of transmission end.
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3.7.6

Considerations for Using More Than One Bus Master

In the TMP92CF29A, the LCD controller, SDRAM controller, and DMA controller may
act as the bus master apart from the CPU. Therefore, care must be exercised to enable each
of these functions to operate smoothly.

To facilitate explanation of DMA operation performed by each bus master, the DMA
transfer operation performed by the DMA controller is defined as “HDMA”, the display
RAM read operation performed by the LCD controller as “LDMA”,-and the SDRAM auto
refresh operation performed by the SDRAM controller as “ARDMA”.

The following explains various cases where two or more bus masters may operate at the
same time.

(1) CPU + HDMA

The DMA controller performs DMA transfer (HDMA) after issuing a bus request to
the CPU and getting a bus acknowledgement. The DMA controller may be-active while
the CPU is in HALT mode (IDLE2 mode only), in - which case HDMA does not interfere
with the CPU operation. However, if HDMA/is started while the CPU is-active, the CPU
cannot execute instructions while HDMA 1s being performed.

Before activating the DMA controller, therefore, it is necessary to estimate the CPU
stop time (defined as “tsTop (HDMA)”) based on the 'transfer time, transfer start
interval, and number of channels to be used.

CPU bus stop rate = tsTop (HDMA)[s] / HDMA start interval [s]

HDMA start interval [s] = HDMA start interrupt period [s]

Note: The HDMA start interval depends on the period of the HDMA start interrupt source. However, it is also possible
to start HDMA by software.

tstor (HDMA) [s] = (Source read time + Destination write time) x Transfer count + o

state/byte
Memory Type External SDRAM External SRAM External SRAM
Z Internal RAM . . .
Read / Write 16-bit bus 16-bit bus 8-bit bus
(Note 1) Burst 1/2 (Note 2) (Note 3) (Note 3)
ote ote ote
1/4 2/2 2/1
Read Tword 6/ 2 (Note 2)
(Note 2)
. Burst 1/2 (Note 3) (Note 3)
2/2 2/1
Write 1/4 1word 3/2 (Note 2)

Note-1:2-1-1-1 access. Each consecutive address can be accessed in 1 state.
Note 2: The transfer speed varies depending on the combination of source and destination.

a) When the source or destination is internal RAM or internal I/O (SFR), burst access (6-1-1-1 access) is
possible. Only consecutive addresses on the same page can be accessed in 1 state. Additional 4
states are needed at the-end of each burst access.

b) When the source or destination is other than internal RAM or internal I/O, 1-word access is used.

Note 3: In the case of 0 waits

state/byte
1/0 Type
. P 1’s NANDF USB SPI
Read / Write
Read 2/2 2/2 2/4
Write 2/4 2/2 2/2 2/4
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Sample 1: Calculation example for CPU + HDMA

Conditions:
CPU operation speed (fsys) 160 MHz
I2S sampling frequency : 48 kHz (60 MHz/25/50 = 48 kHz)
12S data transfer bit length 116 bits

DMAC channel 0 used to transfer 5 Kbytes from internal RAM to 12S

Calculation example:
DMAC source data read time:
Internal RAM data read time
=1 state/4 bytes (However, the first 1 byte requires 2 states.)
DMAC destination write time:
12S register write time = 2 states/4 bytes
Transfer count

To transfer 5 Kbytes of data in 4-byte units, the transfer count is calculated as
follows:

5 Kbytes/4 bytes = 1280 [times]

Since I2S generates an interrupt for every 64 bytes, the DMAC’s counter A is set to
16 (64 bytes/4 bytes = 16 times) and counter B is set to 80.

Note: Since an interrupt is generated 80 times, the firstread to internal RAM (which requires 1 additional state) occurs
80 times, requiring additional 80 states in.total. In addition, from bus REQ to bus ACK, an overhead time of 2

states is also needed for each interrupt request, requiring additional 160 states in total.

tsrop (HDMA) =(((1 42) x 16) x 80) +80 + 160) / fsys [s] = 68 [ps]
HDMA start interval [s] = 1/12S sampling frequency [Hz] x (64 / 16 )
= 83.33 [ms]

CPU bus stop rate = tsrop (HDMA) [s] / HDMA start interval [s]
= 68 [us] / 83.33 [ms] = 0.08 [%]
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(2) CPU + LDMA

The LCD controller performs DMA transfer (LDMA) after issuing a bus request to
the CPU and getting a bus acknowledgement.

If LDMA is not performed properly, the LCD display function cannot work properly.
Therefore, LDMA must have higher priority than the CPU. While LDMA is being
performed, the CPU cannot execute instructions.

To display data on the LCD using the LCD controller, it is necessary to estimate to
what degree LDMA would interfere with the CPU operation based on the display RAM
type, display RAM bus width, LCDD type, display pixel count,and'display quality.

The time the CPU stops operation while the LCD controller transfers data for one

line is defined as “tsTop (LDMA)”, which is calculated as shown below for each display

mode.

tsTop (LDMA) = (SegNum x K/ 8) x tLRD

16-bit external SRAM
Internal RAM
16-bit external SDRAM
SegNum
K
Monochrome
4 gray scales
16 gray scales
256 colors
4096 colors
65536 colors

" tLRD = (2 + wait count) / fsys [Hz] 7 2

“tLrD = 1/ fgys [Hzl / 4

*tLrp=1/ fsys [Hz] / 2

: Number of segments to be displayed

! Number of bits needed for displaying 1 pixel

K=1
K=2
K=4
K=8
K=12
K=16

Note 1: When- SDRAM:-is used, the overhead time'is added as shown below.
tstop{s] = (SegNum x K/8) x t| rp + ((1/fsys) x 8)

Note 2: When internal RAM is used, the overhead-time is added as shown below.
tstop [S] = (SegNum x K/8) X tirp + (1/fsys)

The CPU bus stop rate indicates what proportion of the 1-line data update time trp is

taken up by tgTop (LDMA) and is calculated as follows:
CPU bus stop rate = tsrop (LDMA) [s] / LHSYNC [period: s]
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Sample2: Calculation examples for CPU + LDMA

Conditions 1:
CPU operation speed (fsys): 60 MHz

Display RAM : Internal RAM

Display size : QVGA (320seg x 240com)

Display quality : 65536 colors (TFT)

Refresh rate : 70 Hz (including 20 clocksof dummy cycles)

Calculation example 1:
tsTop (LDMA) = ((SegNum x K/ 8) x tLrp) + (1 / fsys [Hzl)
=((820 x 16/ 8) x 1./ fsys [Hzl / 4) + (1/ fsys [Hz])
= ((640) x 16.67 [ns]/ 4) + 16.67 [ns]

=2.68 [us]
LHSYNC [period: s] =1/70 [Hzl / (COM+20=260) = 54.95 [ps]
CPU bus stop rate = tgTop (LCD)Is] / LHSYNC I[period:/s]

=268 [usl 7 54.95 [us] ='4.88[%]

Conditions 2:
CPU operation speed (fsys) :10 MHz
Display RAM /:16-bit external SRAM (0 waits)
Display size ' QVGA (240seg x 320com)
Display quality 4096 colors (STN)
Refresh rate 100 Hz (0 dummy cycles)

Calculation’example 2:
tsTop (LDMA) =(SegNum x K/ 8) x tLRD
=(240 x 12/ 8) x (2 + wait count) / fsys [Hz] / 2
= (360) x 200 [ns] / 2

=36 [ps]
LHSYNC [period: s] =1/100 [Hzl / (COM = 240) = 41.67 [ps]
CPU bus stop rate =tgTop (LCD)[s] / LHSYNC [period: s]

=36 [us] / 41.67 [us] = 86.40 [%]
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(3) CPU + LDMA + ARDMA

The SDRAM controller owns the bus not only when SDRAM is used as the LCD
display RAM but also when SDRAM is used as work, data, or stack area. The SDRAM
controller occupies the bus (ARDMA) while it refreshes SDRAM data by the auto
refresh function.

No special consideration is needed for the ARDMA time normally as it ends within
several clocks per specified number of states. However, if the LLCD controller occupies
the bus continuously, ARDMA cannot be executed at normal intervals and refresh data
is stored in a counter specifically provided in the SDRAM: controller. In this case,
ARDMA is executed successively after the LCD controller releases the bus.

The priorities among the three bus masters should be set in the order of LCDC >
SDRAMC > CPU. The time the CPU stops operation while the LCD controller and
SDRAM controller are transferring data for one line is' defined as “tsTop (LDMA -
ARDMA)”, which is calculated as follows:

tsTop (LDMA-ARDMA) = tstop (LDMA)[s] - (tsTop (LDMA)[s] / AR interval [s] x 2 / fsys [Hzl)

CPU bus stop rate = tgTop (LDMA-ARDMA)[s]/ LHSYNC [period: sl

Auto Refresh Intervals unit: [us]
SDRCR<SRS2:0> Auto Frequency (System Clock)
Refresh
SRS2 | SRS1 | SRSO Interval 6 MHz | 10MHz | 20MHz | 40MHz | 60MHz | 80MHz

(states)
0 0 0 47 7.8 4.7 2.4 1.18 0.78 0.59
0 0 1 78 13.0 7.8 3.9 1.95 1.30 0.98
0 1 0 156 26.0 15.6 7.8 3.90 2.60 1.95
0 1 1 312 52.0 31:2 15.6 7.80 5.20 3.90
1 0 0 468 78.0 46.8 23.4 11.70 7.80 5.85
1 0 1 624 104.0 62.4 31.2 15.60 10.40 7.80
1 1 0 936 156.0 93.6 46.8 23.40 15.60 11.70
1 1 1 1248 208.0 124.8 62.4 31.20 20.80 15.60
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Sample3: Calculation example for CPU + LDMA + ARDMA

Conditions:
CPU operating speed (fsys) : 60 MHz
Display RAM 1 16-bit external SDRAM
Display size : QVGA (320seg x 240com)
Display quality : 65536 colors (TFT)
Refresh rate : 70 Hz (including 20 clocks of dummy cycles)
SDRAM auto refresh : Every 936 states (15.6 ps)

Calculation example:
tstop (LDMA) =((SegNum x K / 8) x tirp) + (8 / fsys [Hzl)
=((320 x16 / 8) x 1/ fsys [Hz] / 2) + (8 / fys [Hz])
= ((640) x 16.67 [ns]/ 2) + 133.33 [ns]
=5.47 [ps]

LHSYNC I[period:s] = 1/70 [Hz] /(COM + 20 = 260) = 54.95 [us]

Since SDRAM is auto-refreshed once or less in 5.47 [us]:
tsrop (ARDMA) = 2 / fsys [Hz] = 33.33 [ns]

CPU bus stop rate =tsTop (LDMA-ARDMA) [s] / LHSYNC [period:s]
= (5.47 [us] + 33.33 [ns]) /'54.95 [us] = 10.01 [%]
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(4) CPU + LDMA+ ARDMA + HDMA

LHSYNC
LCPO
LD-bus

LDMA1

HDMA
(Worst case)

LDMA2

This 1s a case in which all the bus masters are active at the same time.

Since the LCD display function cannot work properly if the LCD controller cannot
perform LDMA properly, the priorities among the four bus masters should be set in the
order of LDMA > ARDMA > HDMA > CPU.

Before calculating the CPU bus stop rate, the conditions for proper LCD display
shall be considered first.

J_I Setup-time 1

-

%

Setup time 2

>
(] 1

The above diagram shows the LHSYNC signal, LCPO signal, and LD-bus signal for
transferring data from the LCD controller to the / LCD driver, and the transfer
operation (LDMA1) for reading data from the display RAM into the FIFO buffer in the
LCD controller.

LDMA is started immediately after data has been transferred to the LCD driver. If
HDMA is started immediately before LDMAT1 is started, LDMA must wait until HDMA
has finished before it'can be started (LDMA2). LDMA2 must finish operation before the
LCD driver output for the next stage is started.

LHSYNC [period: s] - LCD driver data transfer time [s] — tsTop (LCD) [s]
= HDMA continuous time [s] + CPU operation time [s]

In the case of STN display

LCD driver data transfer time [s] = SegNum/8 x (1/fsys) x (LD bus transfer speed)
In the case of TFT display

LCD driver data transfer time [s] = SegNum x (1/ fsys) x (LD bus transfer speed)
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Sample 4: Calculation example for CPU + LDMA+ ARDMA + HDMA

Conditions:
CPU operation speed (fsys): 60 MHz
Display RAM : QVGA (320seg x 240com)
Display quality : 65536 colors (TFT)
Refresh rate : 70 Hz (including 20 clocks of dummy cycles)
SDRAM Auto Refresh  : Every 936 states (15.6 ps)
SDRAM 1 16-bit width
HDMA ! Transfers 5 Kbytes from-internal RAM to 12S

Calculation example:
tsTop (LDMA) =((SegNum x K/ 8) x tLrp) + (1 /fsys [Hz])
=((320 x16/ 8) x 1/ fsys [Hzl 1 4) + (1 / fsys [Hz])
= ((640) x16.67 [ns] / 49) +16.67 [ns]
=2.68 [us]

LHSYNC [period: s] = 1/70 [Hzl /(COM+20 = 260) = 54.95 [ps]
tsTop (HDMA) = (1 + 2) x16)x 80) + 80 + 160) / fsys [s]'=68 [us]

LCD driver data transfer time [s]
= SegNum x (1/ fsys) x (LD bus transfer speed)
= 320 x (1/60 MHz) x 16 = 85 [us]

Since LHSYNC [period: s] < LCD driver data transfer time [s], this setting is not
possible.

When- the transfer speed is changed to x 4, the LCD driver data transfer time is
calculated as follows:

(The transfer speed should be adjusted according to the required specifications.)

LCD driver data transfer time [s]
=SegNum x (1/ fsys) x (LD bus transfer speed)
=320 x (1/60MHz) x 4 = 21.3 [ps]

LHSYNC [period: sl — LCD driver data transfer time [s] — tsTop (LDMA)
=54.95 [us] — 21.3 [us] — 2.68 [pus] = 30.94 [ps]

To realize proper LCD display, the maximum time HDMA can occupy the bus at a
time (maximum HDMA time) must be set to 30.92 [us] or less. Although transferring
all 5Kbytes from the internal RAM to I2S requires tsTop (HDMA) = 68 [us], the
maximum HDMA time should be limited by using the HDMATR register.
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HDMATR Register

7 6 5 4 3 2 1 0
HDMATR bit Symbol DMATE DMATR6 | DMATR5 | DMATR4 | DMATR3 | DMATR2 | DMATR1 | DMATRO
(097FH) Read/Write R/W
Reset State 0 0 0 0 0 | 0 | 0 0
Function Timer Maximum bus occupancy time setting
operation The value to be set in <DMATR6:0> should be obtained by
0: Disable “Maximum bus occupancy time / (256/fsys)”.
1: Enable “00H” cannot be set.

Note: Read-modify-write instructions can be used on this register.

By writing “87H” to the HDMATR register, the maximum HDMA time is set to 29.9 [ps]
(256 x 7 x (1 / fsys)). Since HDMA start interval [period:s] = 83.33 [ms] is longer than

LHSYNC [period:s] = 54.95 [us], it is assumed that HDMA transfer occurs once during
LHSYNC [period:s].

Since SDRAM is auto-refreshed once or less in5.47 [us]:
tsTop (ARDMA) = 2 / fsys [Hz] = 33.33 [ns]

The time LDMA, ARDMA, and HDMA all occupy the bus is defined as:
tsTop (LDMA-ARDMA-HDMA)

Based on the above, the CPU bus stop rate is'calculated as follows:
CPU bus stop rate = tsrop (LDMA:ARDMA - HDMA) [s] / LHSYNC [period:s]
= (5.47 [us] + 33.33 [ns] # 29.9 [us]) / 54.95 [us] = 64.42 [%)]

Note: To be precise, the bus assert time and RAM access.time are added each time the HDMA transfer time is
forcefully terminated-at 29.9 [us].
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3.8 Function of ports

The TMP92CF29A 1/0 port pins are shown in Table 3.8.1. In addition to functioning as
general-purpose I/O ports, these pins are also used by the internal CPU and I/O functions. Table

3.8.2 lists the I/O registers and their specifications.

Table 3.8.1 Port Functions (1/2) (R: PD= with programmable pull-down resistor, U= with pull-up resistor)

Port Name | Pin Name Num'ber e R I/Q Pin Name fpr built-in
of Pins Setting function
Port 1 P10 to P17 8 I/0 - bit D8 to D15
Port 4 P40 to P47 8 Qutput — (Fixed) A0 to’'A7
Port 5 P50 to P57 8 Output - (Fixed) A81o A15
Port 6 P60 to P67 8 I/0 - bit A16 to A23
Port 7 P70 1 Output | — (Fixed) RD
P71 1 110 — bit WRLL ,NDRE
P72 1 I/O - bit WRLU, NDWE
P73 1 /0 - bit EA24
P74 1 I/0 - bit EA25
P75 1 /0 - bit R/W , NDR/B
P76 1 I/0 - bit WAIT
Port 8 P80 1 Output |\ — (Fixed) CS0
P81 1 Output | = (Fixed) CS1,SDCS
P82 1 Output [~ — (Fixed) CS2,CSZA,SDCS
P83 1 Output-| = (Fixed) CS3,.CSXA
P86 1 Output | — (Fixed) " |'CSZD,NDOCE
P87 1 Output | - (Fixed) CSXB, NDICE
Port 9 P90 1 o] - bit TXDO, TXD1
P91 1 I/0 - bit RXDO0, RXD1
P92 1 I/0 - bit SCLKO, cTs0, SCLK1, cTs1
P96 1 Input | PD (Fixed) INT4, PX
P97 1 Input - (Fixed) PY
Port A PAO to PA7 8 Input U (Fixed) KIO to KI7
Port C PCO 1 11O = bit INTO
PC1 1 /0 \ bit INT1, TAOIN
PC2 1 I/0 £ bit INT2
PC3 1 I/ - bit INT3, TA2IN
PC4 1 /O - bit EA26
PC5 1 I/0 - bit EA27
PC6 1 /0 - bit EA28
PC7 1 I/0 - bit KO8
Port F PFO 1 I/0 - bit I2S0CKO
PF1 1 I/0 - bit 12S0D0
PF2 1 I/0 - bit 12S0WS
PF7 1 Output — (Fixed) SDCLK
Port G PGO to' PG1 2 Input - (Fixed) | ANO to AN1
PG2 1 Input - (Fixed) | AN2, MX
PG3 1 Input - (Fixed) AN3, ADTRG, MY
PG4 to PG5 2 Input — (Fixed) | AN4 to AN5
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Table 3.8.1 Port Functions (2/2)

Port Name | Pin Name | N4MPeM o | R | 1o Setting Pin Name for built-in
of Pins function
Port J PJO 1 Output | - (Fixed) SDRAS ,SRLLB
PJ1 1 Output - (Fixed) SDCAS . SRLUB
PJ2 1 Output | - (Fixed) SDWE.. SRWR
PJ3 1 Output - (Fixed) SDLLDQM
PJ4 1 Output - (Fixed) SDLUDQM
PJ5 1 I/0 — bit NDALE
PJ6 1 1/O — bit NDCLE
PJ7 1 Qutput - (Fixed) SDCKE
Port K PKO 1 Output — (Fixed) LCPO
PK1 1 Output | - (Fixed) LLOAD
PK2 1 Qutput — (Fixed) LFR
PK3 1 Output - (Fixed) LVSYNC
PK4 1 Output - (Fixed) LHSYNC
PK5 1 Output - (Fixed) LGOEQ
PK6 1 Output — (Fixed) LGOE1
PK7 1 Output | /= (Fixed) LGOE2
Port L PLO to PL7 8 1/0 ~ bit DO to LD7
Port M PM1 1 Qutput = (Fixed) MLDALM, TAIOUT
PM2 1 Output | - (Fixed) ALARM ,MLDALM
PM7 1 Output - (Fixed) PWE
Port N PNO to PN7 8 1/O — bit KOO to KO7
Port P PP3 1 1/0 — bit INT5, TA7OUT, TXDO, TXD1
PP4 1 1/O — bit INT6, TBOINO, RXD0O, RXD1
PP5 \ INT7, TB1INO, SCLKO, CTSO
1 110 - bit SCLKL, CTa1
PP6 1 Output | - (Fixed) TBOOUTO
Port R PRO 1 1/0 = bit SPDI
PR1 1 I/0 N bit SPDO
PR2 1 lfe} = bit SPCS
PR3 1 1/O - bit SPCLK
Port T PTOto PT7 8 1/O = bit LD8 to LD15
Port vV PV6 1 1/O — bit SDA
PV7 1 1/0 — bit SCL
Port X PX4 1 Output | - (Fixed) CLKOUT, LDIV
PX5 1 1/0 — bit X1USB, X1D4
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Table 3.8.2 1/0O Port and Specifications (1/5) X: Don't care
. s I/O register
Port Pin name Specification
Pn PnCR | PnFC [PnFC2
Port 1 P10 toP17 Input port X 0 0
Output port X 1 None
D8 to D15 bus X X 1
Port 4 P40 to P47 Qutput port X None 0 None
A0 to A7 Output X None 1
Port 5 P50 to P57 Output port X None 0 None
A8 to A15 Output X None 1
Port 6 P60 to P67 Input port X 0 0
Output port X 1 None
A16 to A23 Output X X 1
Port 7 P70 to P76 Output port X 1 0
P71to P76 Input port X 0 0
P70 RD Output X None 1
P71 WRLL Output 1 1 )
NDRE Output 0
P72 WRLU Output 1
—— 1 1 None
NDWE Output 0
P73 EA24 Output X 1 1
P74 EA25 Output X 1 1
P75 R/W Output X 1 1
NDR/B Input X 0 1
P76 WAIT Input X 0 1
Port 8 P80 to P87 Output port X 0 0
P80 Cso Output X 1 None
P81 CS1 Output X 1 0
SDCS Output X X 1
P82 €s2 Output X 1 0
CSZA Output X 0 1
SDEs Ouitput X None 1 1
P83 Cs3 Output X 1 0
CSXA Output X X 1
P86 CSzD Output X 1 0
NDOCE Output X 1 1
P87 CSXB Output X 1 0
NDICE Qutput X 1 1
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Table3.8.2 I I/O Port and Specifications (2/5) X: Don't care
, L I/O register
Port Pin name Specification
Pn PnCR | PnFC | PnFC2
Port 9 P90, P92 Input port X 0 0 None
P91 Input port, RXDO Input X 0 None None
P96 Input port X None 0 None
P97 Input port X None None None
P90 to P92 Qutput port X 1 0 0
P90 TXDO Output X 1 1 0
TXDO0 Output (Open-drain) X 1 1 1
TXD1 Output X 1 1 0
TXD1 Output (Open-drain) X 1 1 1
P92 SCLKO Output X 1 1 <P95F2> =0
SCLKO, cTs0 Input X 0 0 0
SCLK1 Output X 1 1 <P95F2> =1
SCLK1, cT1s1 Input X 0 0 0
P96 INT4 Input X None 1 None
Port A PAO to PA7 Input port X None 0 None
KIO to KI7 Input X 1 None
Port C PCO to PC3 Input port X 0 0 None
PC5to PC7 Output port X 1 0 None
PC4 Input port X 0 0 X
Output port X 1 0 X
PCO INTO Input X 0 1 None
PC1 INT1 Input X 0 1 None
TAOIN Input X 1 1 None
PC2 INT2 Input X 0 1 None
PC3 INT3 Input X 0 1 None
TA2IN Input X 1 1 None
PC4 EA26 Output X 0 1 X
(PC4)/SPDI Input X 1 1 1
(PRO).SPDI Input X 1 1 0
PC5 EA27 Output X 0 1 None
SPDO Output X 1 1 None
PC6 EA28 Output X 0 1 None
SPCLK Qutput X 1 1 None
PC7 KO8 Output (Open-drain) X 1 1 None
Port F PFO to PF2 Input port X 0 0 None
PFOQ to PF2 Output port X 1 0
PF7 Output port X None 0
PFO 12SO0CKO Output X X 1
None
PF1 12S0DO Output X X 1
PF2 12SO0WS-Output X X 1
PF7 SDCLK Output X None 1
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Table3.8.2 I/O Port and Specifications (3/5) X: Don't care
I/O register
Port Pin name Specification
Pn PnCR | PnFC |PnFC2
Port G PGO to PG5 Input port None
ANO to ANS5 Input
PG3 ADTRG Input X None 1 None
PG2 MX Output  Note:
PG3 MY Output Note: 0=
Port J PJ5 to PJ6 Input port X 0
PJ5 to PJ6 Output port X 1 0
PJO to PJ4,
PJ7 Output port X None 0
PJO SDRAS , SRLLB Output X 1
PJ1 SDCAS , SRLUB Output X 1
PJ2 SDWE , SRWR Output X None 1 Qe
PJ3 SDLLDQM Output X 1
PJ4 SDLUDQM Output X 1
PJ5 NDALE Output X 1 1
PJ6 NDCLE Output X 1 1
PJ7 SDCKE Output X None 1
Port K PKO to PK7 Output port X 0
PKO LCPO output X 1
PK1 LLOAD output X 1
PK2 LFR output X 1
PK3 LVSYNC output X None 1 None
PK4 LHSYNC output X 1
PK5 LGOEOQ output X 1
PK6 LGOE1Z output X 1
PK7 LGOE?2 output X 1
Port L PLO to PL7 Input port X 0 0
Qutput port X 1 0 None
DO to/LD7 Qutput X X 1
Port M PM1, PM2, Output port X 0
PM7
PM1 TAL1OUTOutput 0 1
MLDALM Output 1 None 1 None
PM2 MLDALM Output 0 1
ALARM Output 1 1
PM7 PWE Output X 1
Port N PNO to PN7 Input port X 0 0
Output port (CMOS Output) X 1 0 None
KO Output (Open-drain Output) X 1
Note: Case of using touch screen.
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Table 3.8.2 1/0O Port and Specifications (4/5) X: Don't care
I/O register
Port Pin name Specification
Pn PnCR | PnFC PnFC2
Port P PP3 to PP5 Input port X 0 0 <PP1F2:3F2>=0
Output port X 1 0 <PP1F2:3F2>=0
PP6 Output port X None 0 None
PP3 INTS5 input X 0 1 <PP1F2>=0
TA70UT Output X 1 1 <PP1F2>=0
TXDO Output <PPOF2>=0
X X X <PP1F2>=1
<PP4F2>=1
TXDO Output (Open-drain) <PPOF2>=1
X X X <PP1F2>=1
<PP4F2>=1
TXD1 Output <PPOF2>=0
X X X <PP1F2>=1
<PP4F2>=0
TXD1 Output (Open-drain) <PPOF2>=1
X X X <PP1F2>=1
<PP4F2>=0
PP6 INT6 Input X 0 <PP2F2>=0
TBOINO Input X 1 <PP2F2>=0
RXD1 (PP4/RXD1) Input X X :ﬁﬁggzé
RXD1(P9L/RXD1) Input X X :iigg:i
PP5 INT7 Input X 0 <PP3F2>=0
TB1INO Input X 1 <PP3F2>=0
SCLK1 (PPS/SCLK1).Input X 0 X <PP3F2>=1
CTS1 Input <PP6F2>=0
SCLK1 (P92/SCLK1) Input X 0 X <PP3F2>=1
CTSL Input <PP6F2>=1
SCLKO Output X 1 X e
SCLK1 Ouitput X 1 X SPRsFem
PP7 TB1OUTO Output X None 1 None
Port R PRO to PR3 Input port X 0 0
Output port X 1 0
PRO SPDI_PRO Input (to-PC4) X 0 1 None
PR1 SPDO Output X 1 1
PR2 SPCS Output X 1 1
PR3 SPCLK Output X 1 1
Port T PTO.to PT7 Input port X 0 0
Output-port X 1 0 None
LD8 to/LD15 Output X X 1
Port V- PV6 to PV7 Input port X 0 0 0
Qutput port X 1 0 0
Output port (Open-drain) X 1 0 1
PV6 SDA I/0 X 1 1 0
SDA /O (Open-drain) X 1 1 1
PV7 SCL I/0 X 1 1 0
SCL 1/O (Open-drain) X 1 1 1
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Table 3.8.2 1/0O Port and Specifications (5/5) X: Don't care
. s I/O register
Port Pin name Specification
Pn PnCR | PnFC PnFC2
Port X PX5 Input port X 0 0 None
PX4 Output port X None 0 None
PX5 Output port X 1 0 None
PX4 CLKOUT Output 0 1 None
None
LDIV Output 1 1 None
PX5 X1USB Input X 0 1 None
X1D4 Output (Output clock = x1/8) 1 1 1 <PX5F2:4F2>=00
X1D4 Output (Output clock = x1/4) 1 1 1 <PX5F2:4F2>=01
X1D4 Output (Output clock = x1/2) 1 1 1 <PX5F2:4F2>=10
X1D4 Output (Output clock = x1/1) 1 1 1 <PX5F2:4F2>=11
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3.8.1 Port 1 (P10 to P17)
Port1 is an 8-bit general-purpose I/0 port. Bits can be individually set as either inputs or
outputs by control register P1CR and function register P1FC.

In addition to functioning as a general-purpose I/0 port, portl can also function as a data
bus (D8 to D15).

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

AM1 AMO Function Setting after reset is released
0 0 Don't use this setting
0 1 Data bus (D8 to D15)
1 0 Don't use this setting
1 1 Input port (P10 to P17)

P1CR Register

P1FC Register

External write enable

P1 Register

!

S
0 & . P10 to P17
D8 to D15 (D8 to D15)

\i

- > 1
¢ Selector
S
Port read data 1l
- ok
D8 to D15 / Selector P

External read enable——m= D—r

Figure 3.8.1 Portl
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Port 1 register
7 6 5 4 3 2 1 0
P1 bit Symbol P17 P16 P15 P14 P13 P12 P11 P10
(0004H) | Read/Write R/W
System . : wy
Reset State Data from external port (Output latch register is cleared to “0”)
Hot Reset
State B
Port 1 Control register
7 6 5 4 3 2 1 0
P1CR bit Symbol P17C P16C P15C P14C P13C P12C P11C P10C
(0006H) | Read/Write W
System
Reset State 0 0 0 0 0 0 0 0
Hot Reset
State B B B B ~ B B _
Function 0: Input 1: Output
Port 1 Function register
7 6 5 4 3 2 1 0
P1FC bit Symbol P1F
(0007H) | Read/Write W
System
Reset State 0/1
(Note2)
Hot Reset _
State
. 0: Port
Function 1:Data bus
(D8 to D15)
Port 1 Drive register
7 6 5 4 3 2 1 0
P1DR bit Symbol P17D P16D P15D P14D P13D P12D P11D P10D
(0081H) | Read/Write RIW-
System
Reset State 1 1 1 1 1 1 1 1
Hot Reset
State B B 2 '/ B B B B
Function Input/Output buffer drive register for standby mode
Notel: A read-modify-write operation cannot be performed for P1CR, P1FC.
Note2: It is set to “Port” or “Data bus” by-AM.pins state.
Figure 3.8.2 Register for Portl
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3.8.2  Port4 (P40 to P47)

Port4 is an 8-bit general-purpose Output ports. In addition to functioning as a

general-purpose Output port, port4 can also function as an address bus (A0 to A7). Each
bit can be set individually for function. Setting the AM1 and AMO pins as shown below and

resetting the device initialize port 4 to the following function pins:

AM1 AMO Function Setting after reset is released
0 0 Don't use this setting
0 1 Address bus (A0 to A7)
1 0 Don't use this setting
1 1 Qutput port (P40 to 47)
P4FC Register
P4 Register
S
0 P40 to P47
AO 10 A7 - 1 (A0 to A7)
Selector
Read data -«
Figure 3.8.3 Port4
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Port 4 register
7 6 5 4 3 2 1 0
P4 bit Symbol P47 P46 P45 P44 P43 P42 P41 P40
(0010H) Read/Write R/W
System
Reset State 0 0 0 0 0 0 0 0
Hot Reset
State B B B B B B - B
Port 4 Function register
7 6 5 4 3 2 1 0
P4FC bit Symbol P47F P46F P45F P44F P43F P42F P41F P40F
(0013H) Read/Write W
System
Reset State 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1
(Note2)
Hot Reset
State B B B B S - B N
Function 0:Port 1:Address bus-(A0toA7)
Port 4 Drive register
7 6 5 4 3 2 1 0
PADR bit Symbol P47D P46D P45D P44D P43D P42D P41D P40D
(0084H) Read/Write RAW
System
Reset State 1 1 1 1 1 1 1 1
Hot Reset
State B B B B _ Z B B
Function Input/Output buffer drive register for standby mode
Notel: A read-modify-write operation.cannot be performed for P4FC.
Note2: It is set to “Port” or “Address bus” by AM pins state.
Figure 3.8.4 Register-for Portl
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3.8.3 Port5 (P50 to P57)

Port5 is an 8-bit general-purpose Output ports. In addition to functioning as a

general-purpose I/O port, port5 can also function as an address bus (A8 to A15). Each bit
can be set individually for function. Setting the AM1 and AMO pins as shown below and

resetting the device initialize port 5 to the following function pins:

AM1 AMO Function Setting after reset is released
0 0 Don't use this setting
0 1 Address bus (A8 ~ A15)
1 0 Don't use this setting
1 1 Qutput port (P50 ~ P57)

P5FC Register

P5 Register

s P50 to P57
0 L] (A8 to A15)

A8 to Al5 - > 1

Selector
Read data =
Figure 3.8.5 Port5

92CF29A-126 2009-06-11



TOSHIBA TMP92CF29A
Port 5 register
7 6 5 4 3 2 1 0
P5 bit Symbol P57 P56 P55 P54 P53 P52 P51 P50
(0014H) | Read/Write R/W
System
Reset State 0 0 0 0 0 0 0 0
Hot Reset
State B B B B B B - B
Port 5 Function register
7 6 5 4 3 2 1 0
P5FC bit Symbol P57F P56F P55F P54F P53F P52F P51F P50F
(0017H) | Read/Write W
System
Reset State 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1
(Note2)
Hot Reset
State B B B B S - B N
Function 0:Port 1:Address bus (A81to Al5)
Port 5 Drive register
7 6 5 4 3 2 1 0
P5DR bit Symbol P57D P56D P55D P54D P53D P52D P51D P50D
(0085H) Read/Write RIW
System
Reset State 1 1 1 1 1 1 1 1
Hot Reset
State B B B B _ Z B B
Function Input/Output buffer drive register for standby mode
Notel: A read-modify-write operation cannot be performed for P5FC.
Note2: It is set to “Port” or “Address bus” by AM pins state.
Figure 3.8.6 Register for Ports
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3.8.4 Port6 (P60 to P67)

Port6 is an 8-bit general-purpose I/O ports. Bits can be individually set as either inputs

or outputs and function by control register P6CR and function register P6FC.

In addition to functioning as a general-purpose I/O port, port6 can also function as an
address bus (A16 to A23). Setting the AM1 and AMO pins as shown below and resetting the
device initialize port 6 to the following function pins:

AM1 AMO Function Setting after reset is released
0 0 Don't use this setting
0 1 Address bus(A16 ~ A23)
1 0 Don't use this setting
1 1 Input port (P60 ~ P67)

P6CR Register

P6FC Register

P6 Register

P60 to P67
Al6 to A23 - > 1 (A16 to A23)
* Selector
S <
Read data —= 0 e
Selector
Figure 3.8.7 Port6
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Port 6 register
7 6 5 4 3 2 1 0
P6 bit Symbol P67 P66 P65 P64 P63 P62 P61 P60
(0018H) | Read/Write R/W
System . : wy
Reset State Data from external port (Output latch register is cleared to “0”)
Hot Reset
State B
Port 6 Control register
7 6 5 4 3 2 1 0
P6CR bit Symbol P67C P66C P65C P64C P63C P62C P61C P60C
(001AH) | Read/Write W
System
Reset State 0 0 0 0 0 0 0 0
Hot Reset
State B B B B ~ B B _
Function O:Input 1:Output
Port 6 Function register
7 6 5 4 3 2 1 0
P6FC bit Symbol P67F P66F P65F P64F P63F P62F P61F P60F
(001BH) Read/Write W
System
Reset State 0/1 0/1 0/1 o/1 0/1 0/1 0/1 01
(Note2)
Hot Reset
State B B B B _ £ B B
Function 0: Port 1:Address bus/(A16 to-A23)
Port 6 Drive buffer register
7 6 5 4 3 2 1 0
P6DR bit Symbol P67D P66D P65D P64D P63D P62D P61D P60D
(0086H) Read/Write RIW.
System
Reset State 1 1 1 1 1 1 1 1
Hot Reset
State / / B ~ B B B B
Function Input/OQutput buffer drive register for standby mode
Notel: A read-modify-write-operation cannot be performedfor PECR, P6FC.
Note2: It is set to “Port” or “Address bus™ by AM pins state.
Figure 3.8.8 Register for Port 6
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3.8.5 Port7 (P70 to P76)

Port7 is a 7-bit general-purpose I/O port (P70 is used for output only). Bits can be
individually set as either inputs or outputs by control register P7CR and function register

P7FC.

In addition to functioning as a general-purpose I/O port, P70 to P76 pins can also

function as interface-pins for external memory.

A reset initializes P70 pin to output port mode, and P71 to P76 pins to input port mode.

Setting the AM1 and AMO pins as shown below and resetting the device initialize port 7

to the following function pins:

Initial setting of P70 pin

AM1 AMO Function Setting after reset is released
0 0 Don't use this setting
0 1 RD pin
1 0 Don't use this setting
1 1 Output port (P70)
P7FC register
P7 register 0.5
RD 1
Selector
Port read data
P7CR register
P7FC'reqgister
P7 register 0-S
|

D P70 (RD)

EI P71 (WRLL ,NDRE )

0

NDRE , NDWE

1

WRLL , WRLU

S

' 1
Selector

Selector S 1

Port read data

0

Selector

Figure 3.8.9 Port7

P72 (WRLU , NDWE )
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P7CR register
P7FC register
P7 register S P73 (EA24)
0 e P74 (EA25)
EA24, EA25 1
Selector
S1
Read data
0
Selector
P7CR register
P7FC register
V
P7 register 0 S El
1 L~ P75(R/W, NDR/B)
R/W
Selector
S
Port read data 1
e
0 \l
— ~ ——— | Selector
NDR/B N
P7CR register
P7FC register
P7 register | P76 (waiT)
1
Port read data <}—

WAIT

=

Figure 3.8.10 Port7
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Port 7 register
7 6 5 4 3 2 1 0
P7 bit Symbol P76 P75 P74 P73 P72 P71 P70
(001CH) |Read/Write RIW
System Data from external port | Data from external port | Data from external port
R)éset State (Output latch register is | (Output latch register is | (Output latch register is 1
set to “1") cleared to “0") set to “1")
Hot Reset _ _ N\ _
State
Port 7 Control register
7 6 5 4 3 2 1 0
P7CR bit Symbol P76C P75C P74C P73C P72C P71C
(001EH) | Read/Write W
System
Reset State 0 0 0 0 0 0
Hot Reset
State B B B B B B
Function 0: Input 1: Output
Port 7 Function register
7 6 5 4 3 2 1 0
P7FC bit Symbol P76F P75F P74F P73F P72F P71F P70F
(001FH) | Read/Write w
System
Reset State 0 0 0 0 0 0 0/1 (Note3)
Hot Reset
State B B X B B J B
Function 0:Port Refer to following table 0:Port O:Port 0:Port
1 WAIT 17 NDWE < | 1: 1: RD
at NDRE at
<P72>=0-"|<P71>=0
WRLU at WRLL at
<P72>=1 |<P71>=1
Port 7 Drive register
7 6 5 4 3 2 1 0
P7DR bit Symbol P76D P75D P74D P73D P72D P71D P70D
(0087H) | Read/Write RW
System
Reset State 1 1 1 1 1 1 1
Hot Reset
State < B /. B B B B
Function Input/Output buffer drive register for standby mode
P73 setting P72 setting P71 setting
<P73C> <P72C> <P71C>
<P73FS 0 1 <P72FS 0 . <P7IFS 0 .
0 Input Port Output Port 0 Input Port Output Port 0 Input Port Output Port
Reserved EA240utput Reserved NDWE Output Reserved | NDRE Output
1 1 (at <P72>=0) 1 (at <P71>=0)
WRLU Output WRLL Output
(at <P72>=1) (at <P71>=1)
P76 setting P75 setting P74 setting
<P76C> <P75C> P74C
<P76F> 0 ! <P75F> 0 ! <P74F<> . 0 !
< Input Port [ Output Port 0 Input Port | Output Port 0 Input Port | Output Port
1 WAIT Input_| Reserved 1 NDR/8 Input| R/W Output 1 Reserved | EA250utput

Notel: A read-modify-write operation cannot be performed for P7CR, P7FC.

Note2: When NDRE and NDWE are used, set registers in the following order to avoid outputting a negative glitch.

Order

@
@
(©)

Registser bit2 bitl
pP7 0 0
P7FC 1 1
P7CR 1 1

Note3: It is set to “Port” or RD pin by AM pins state.

Figure 3.8.11 Register for Port 7
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3.8.6  Port 8 (P80 to P83, P86, P87)

Port 8 is 6-bit output ports. Resetting sets the output latch of P82 to “0” and the output
latches of P80 to P81, P83, P86 and P87 to “1”. But if it is started at boot mode (AM [1:0]=
“117), output latch of P82 is set to “1”.

Port 8 can also be set to function as an interface-pin for external memory using function

register PSFC.
Writing “1” in the corresponding bit of PS8FC and P8F(C2 enables the respective
functions.

Resetting PSFC to “0” and PS8FC2 to “0”, sets all bits to output ports.

Reset

|
v Function
control2

P8FC2 write
I)—l
Function
control

P8FC write

1 S P80 (Cs0)

P81 (CSs1,SDCS)

Output latch |— ——[>—{7] P82 (cs2.CszA.sDCS)
Selector P83 (CS3,CSXA)
) P86 (CSZD.,NDOCE)
P8 write ”’ P87 (CSXB,NDICE)
CS0,SDCS, SDCS ; CSXA , NDOCE , NDICE

P8 read wqn wqn wqn
U 1, SDCS,CSZA,CSXA,"1", “1

Internal data bus

CS0,CS1,CS2+CS3,CSZD, CSXB

Figure 3.8.12 Port 8
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Port 8 register
7 6 5 4 3 2 1 0
P8 bit Symbol P87 P86 P83 P82 P81 P80
(0020H) | Read/Write RIW R/W
System
Reset State 1 1 1 0 (NOte3) 1 1
Hot Reset
State B B B B B B
Port 8 Function register
7 6 5 4 3 2 1 0
P8FC bit Symbol P87F P86F P83F P82F P81F P8OF
(0023H) | Read/Write w W
System
Reset State 0 0 0 0 0 0
Hot Reset
State B B B B B B
Eunction 0: Port 0: Port Refer tofollowing table |0: Port 0: Port
1: <P87F2> | 1: <P86F2> 1. cs1 1: cso
Port 8 Function registers 2
7 6 5 4 3 2 1 0
P8FC2 | bit Symbol P87F2 P86F2 P83F2 P82F2 P81F2
(0021H) | Read/Write w W
System
Reset State 0 0 0 0 0
Hot Reset
State B B B — B
Function 0:csxB 0: cszp Refer to following table| 0: <P81F>
1: NDICE 1. NDOCE 1. spcs
Port'8 Drive register
7 6 5 4 3 2 1 0
P8DR bit Symbol P87D P86D P83D P82D P81D P80D
(0088H) | Read/Write RIW RIW
System
Reset State 1 1 1 1 1 1
Hot Reset
State B S ~ B B B
Function Input/Output buffer drive register for standby mode
P86 setting P83 setting P82 setting
<P86F> <P83F> <P82F>
<P86F2> 0 . <P83F2> Q ! <P82FDS 0 1
0 Output port CSzb 0 Output Cs3 0 Output port | CS2 Output
Output port Output —
o —— 1 CSZA SDCS
1 oQ NDOCE 1 CSXA Output Output Output
setting Output
P87 setting
<P87F>
<P87F2> 0 L
0 Output port CSXBOutput
1 Reserved NDICE Output

Notel: A read-modify-write operation cannot be performed for PBFC and P8FC2.

Note2: Do not write “1” to P8<P82> register before setting P82-pinto CS2 or CSZA because, on reset, P82-pin

outputs “0" as CE for program memory.
Note3: If it is started at boot mode (AM [1:0] = “11"), output latch of P82 is set to “1".
Note4: When npoce and npice are used, set registers by following order.

Order Registser bit2 bitl
(1) P8 1 1
2 P8FC2 1 1
) P8FC 1 1

Figure 3.8.13 Register for Port 8
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3.8.7

Port 9 (P90 to P92, P96, P97)

P90 to P92 are 3-bit general-purpose I/O port. I/O can be set on a bit basis using the
control register. Each bit can be set individually for input or output. Resetting sets P90 to
P92 to input port and all bits of output latch to”1”.

P96 to P97 are 2-bit general-purpose input port.

Writing “1” the corresponding bits of POFC enables the respective functions.

Resetting resets the POFC to “0”, and sets all bits to input ports:

(1) Port 90 (TXDO), Port 91 (RXDO0), Port 92 (SCLKO, CTS0)

Ports 90 to 92 are general-purpose I/O port. They are also function as either SIO0 or
SIO1. SIO0 and SIO1 functions are also used as PP3 to PP5 pins. When selecting SIO0
function (using Port 9 or Port P), set POFC2<P93F2, P94F2, P95F2>. And when
selection SIO1 function (using Port 9 or Port P), set PPFC2<PP4F2, PP5F2, PP6F2>.

SIO mode UART, IrDA mode
(SIO0 module) (S1©0-module)
POD TXDO, TXD1 TXDO
(Data output) (Data output)
Po1 RXDO, RXD1 RXDO
(Data input) (Data input)
Po2 SCLKO, SCLK1 CTS0, CTst
(Clock input or output) (Clear to send)
~ Reset
Direction
control
(on bit basis)
) PIOCR write
Function
control
(on bit basis)
g T
2 POFCwrite
g ——
©
E X A S
5 Output latch Selector
<
P9 \I/rite B
Open-drain
oTu>t(x|)3uci_ A F possible
Selector POFC2<P90F2>
TXDloutput—{B< S )
T S B
P9FC2<ﬁ?3F2> Selector
W™
P9 read A
M

Figure 3.8.14 P90

P90 (TXDO, TXD1)
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Reset
N 3
Direction
control
(on bit basis)
T
POCRwrite
i_j
Function
control
(on bit basis)
POFCwrite
w 1
=] S
o A S
S Output latch
z Selector N
= ) P91 (RXDO, RXD1)
£ P9 write B P92 (SCLKO,CTS0,
IS SCLK0O —| A
output | Selector
SCLK1 —|B S
output ) \[
P9FC2<P95F2> S B
pd
N Selector
P9 read A
RXDO input A (to PP4,PP5)
SCLKO input «— selactor P91/RXDY, P92/SCLKI1
CTSO input S B i
J T
(from'PP4,PP5)
POFC2<P94F2>  pp4/RXDO, PP5/SCLKIO
<95F2>
Figure 3.8:15 P91, 92
Y
Reset
" Function
a control - AVCC
o
g TSICRO<PXEN>
= Switch for TSI
g POFC write <PYEN>?DO—{ V0,100
g TSICRO<TSI7> yp-:
ﬂ /@‘ [ P96 (INT4,PX)
P9 read Po7 (PY)
TSICR1<DBC7> Only for P96
~J I | _______________________________ v
. E
1 S A i
INT4 Rising/Falling (:_ Selector De-bounceJ i
edge-ditection |; Circuit '
1
; !
. 1
IMC<I4EDGE> | TSICRO<TWIEN , TSI7> i
1
1
1
1

TSICRO<PXEN>
TSICRO<TSI7>

SCLK1,CTS1)

Figure 3.8.16 Port 96,97

-7

Pull-down resistor
typ.50kQ
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Port 9 register

7 6 5 4 3 2 1 0
P9 bit Symbol P97 P96 P92 P91 P90
(0024H) | Read/Write R RIW
System Data from external Data from external port (Output
Reset State port latch register is set to “1”)
Hot Reset
State ~ ~
Port 9 control register
7 6 5 4 3 2 1 0
PI9CR bit Symbol P92C Pol1C P90C
(0026H) | Read/Write w
System
Reset State 0 0 0
Hot Reset
State B B B
Function Refer to following table
Port 9 function register
7 6 5 4 3 2 1 0
POFC bit Symbol P96F P92F P90F
(0027H) | Read/Write W w Wi
System
Reset State 0 0 0
Hot Reset
State B - -
Function 0: Input Refer to Refer to
port following following
1: INT4 table table
Port 9 Function registers 2
7 6 5 4 3 2 1 0
PI9FC2 bit Symbol — P95F2 P94F2 P93F2 — P90F2
(0025H) | Read/Write w w w w w w
System
Reset State 0 0 0 0 0 0
Hot Reset _ _ \
State B B ~
Function Always Po2 SI00 P90 Always 0:CMOS
writé 0" SCLK RXD TXD write 0" 1
selection | selection’, ‘| selection )
0: SCLKO-_| 0+ P91 0: TXDO Open-drain
1: SLCK1 | 1: PP4 1: TXD1
SIO0
SCLK,
CTS input
selection
0: P92
1: PP5
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Port 9 drive register

7 6 5 4 3 2 1
PI9DR bit Symbol P97D P96D P92D P91D P90D
(0089H) | Read/Write R/W RIW
System
Reset State 1 1 1 1
Hot Reset
State - ~ — N
Function Input/Output buffer drive register for standby mode
P92 setting P91 setting P90 setting
<P92C> 0 1 <P91C> <P90C>
<P92F> 0 1 <P90F> 0
Input port, 0 Input port | Output port
0 CTS0,CTSL Output port Input port/ Output port 1 Don't TXDO,TXD1
/?CLI?O,SCLKI RXDO,RXD1 setting Output
npu
Input
, . SCLKO,SCLK1
1 Don't setting Output

Note 1: A read-modify-write operation cannot be performed for P9CR, P9FC and P9FC2.
Note 2: When setting P96 pin to INT4 input, set PODR<P96D>-to “0” (prohibit input), and-when driving P96 pin to “0”,
execute HALT instruction. This setting generates INT4 inside. If don’t using-external interrupt in HALT
condition, set like an interrupt don’t generated. (e.g.'change port setting)

Figure-3:8.17. Register for Port 9
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3.8.8  PortA (PAO to PA7)

Ports A0 to A7 are 8-bit general-purpose input ports with pull-up resistor. In addition to
functioning as general-purpose I/O ports, ports A0 to A7 can also, as a Keyboard interface,
operate a Key-on wake-up function. The various functions can each be enabled by writing a
“1” to the corresponding bit of the Port A Function Register (PAFC).

Resetting resets all bits of the register PAFC to “0” and sets all pins to be input port.

INTKEY PAO~PA7

T_Rising edge 8 input OR
-ditection

Reset

KEY-ON
ENABLE
(on bit basis)

Pull-up resistor
T l TYP-50KQ
PAFC write

PAO to PA7
(KIO to KI7)
PN

PA read

Internal data bus

Figure 3.8.18 PortA

When PAFC = “1”, if the input of any of KIO-KI7 pins falls down, an INTKEY interrupt is
generated. An INTKEY interrupt can be used torelease all HALT modes.
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Port A register
7 6 5 4 3 2 1 0
PA bit Symbol PA7 PAG PA5 PA4 PA3 PA2 PAl PAO
(0028H) Read/Write R
System
Reset State Data from external port
Hot Reset
State ~
Port A Function register
7 6 5 4 3 2 1 0
PAFC bit Symbol PA7F PAGF PASF PA4F PA3F PA2F PALF PAOF
(002BH) Read/Write W
System
Reset State 0 0 0 0 0 0 0 0
Hot Reset
State B B B B /> 2 B —
Eunction 0: KEY IN disable 1: KEY IN enable
Port A Drive register
7 6 5 4 3 2 1 0
PADR bit Symbol PA7D PA6D PASD PA4D PA3D PA2D PA1D PAOD
(0O08AH) Read/Write R/W
System
Reset State 1 1 1 X 1 t 1 1
Hot Reset
State B B B B B Z B B
Function Input/Qutput buffer.drive register for standby mode
Note: A read-modify-write operation cannot.be performed for PAFC.
Figure'3.8.19 Registerfor Port A
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3.8.9

Port C (PCO to PC7)

PCO to PC7 are 8-bit general-purpose I/O port. Each bit can be set individually for input
or output. Resetting sets Port C to an input port. It also sets all bits of the output latch
register to “1”.

In addition to functioning as a general-purpose I/O port, Port C can also function as an
input pin for timers (TAOIN, TA2IN), input pin for external interruption (INTO to INT3),
Extension address function (EA26, EA27, EA28) , output pin for SPI controller (SPDI,
SPDO and SPCLK) and output pin for Key (KOS8). These settings are mode using the
function register PCFC. The edge select for external interruption is determined by the
IIMC register in the interruption controller.

(1) PCO (INTO0), PC2 (INT2)

Reset

Direction control

|

PCCR write
‘ 1

Function control

PCFC write

N

S
N ® PCO (INTO)
latch |
Output-latc e PC2(INT2)

[

PCwrite Ny
S
1 B

Selector

Internal data bus

PC read A

Level/edge selection
INTO (_Ch and

INT2 Rising/Falling selection

IIMC<IOLE, I0OEDGE>
<I2LE, I2EDGE>

Figure 3.8.20 Port CO, C2
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(2) PC1 (INT1, TAOIN), PC3 (INTS3, TA2IN)

Reset
N\

Direction control

f

PCCR write
l)—l

Function control _

PCFCwrite

]

S
Output latch 4

Internal data bus
A4

o] PCL(INTLTAQIN)
PC3 (INT3, TA2IN)

N

PCwrite N\
S
A B

Selector

PC read A

Levelledge selection
INT1 (_CE and

INT3 Rising/Falling selection

NMC<I1LE, I1IEDGE>

<I3LE, I3EDGE>
TAOIN 1
TA2IN AN

Figure 3.8.21 Port.C1,C3
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(3) PC4 (EA26, SPDI)

Reset
[ N\—
1 l
Direction
control
(on bit basis)
) PCCR write
Function
control
(on bit basis)
" PCFC write
2 —
£ s A S
= Output latch PC4 (EA26, SPDI)
E 7 EA26 —|B
£ PC write
58 %
e Selector
™
PC read A
=
SPDI input «—— Selector.
S A je———(from PRO)
I~ 7 SPDI
PCFC2<PC4F2>
Figure 3.8.22 Port C4
(4) PC5 (EA27), PC6 (EA28)
Reset
N
‘ 1
Direction
control
(on bit basis)
] PCCR write
Function
control
4} (on bit basis)
=}
° T
% PCFC write
e)
= A
£ S
o) S AB
1S Output latch Selector PC5(EA27, SPDO)
EA27 —|
T EA28 PC6(EA28, SPCLK)
PCwite  sppo—1P
SPCLK
S B
ﬂ Selector
PC read A
™~

Figure 3.8.23 Port C5, C6
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(5) PCT7(KOS)
Reset
N\
‘ l
Direction
control
T .
PCCR write
<
1
Function
control
PCFC write
g 3
F s .
@ Output latch _ PC7(KO8)
© K Open-drain ehable
OE) PC write
£ L
1 Selector
PC read A
A
Figure 3.8.24 Port C7
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Port C register
7 6 5 4 3 2 1 0
PC bit Symbol pPC7 PC6 PC5 PC4 PC3 pC2 PC1 PCO
(0030H) | Read/Write RIW
System : : wqn
Reset State Data from external port (Output latch register is set to “1”)
Hot Reset
State -
Port C control register
7 6 5 4 3 2 1 0
PCCR bit Symbol PC7C PC6C PC5C PC4c PC3C PC2C pPC1C PCOC
(0032H) | Read/Write w
System
Reset State 0 0 0 0 0 0 0 0
Hot Reset
State B B B B C 2 B n
Function 0: Input 1: Output
Port C function register
7 6 5 4 3 2 1 0
PCFC | bit Symbol PC7F PC6F PC5F PC4F PC3F PC2F PCIF PCOF
(0033H) | Read/Write W
System
Reset State 0 0 0 0 0 0 0 0
Hot Reset
State B B B B B Z B B
Function Refer to following table
Port C function register-2
7 6 5 4 3 2 1 0
PCFC2 | bit Symbol PC4F2
(0031H) |Read/Write w
System
Reset State 0
Hot Reset
State -
Function SRDI'pin
selection
0: PRO
1. PC4
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Port C drive register
7 6 5 4 3 2 1 0
PCDR bit Symbol PC7D PC6D PC5D PC4D PC3D PC2D PC1D PCOD
(008CH) | read/write R/W
System
Reset State 1 1 1 1 1 1 1 1
Hot Reset
State ~ B B B ~ B B ~
Function Input/Output buffer drive register for standby mode
PC2 setting PC1 setting PCO setting
<pPC2C> C1C> <pPCOC>
<PC2F> 0 ! <PC1F> 0 ! <PCOF> P !
0 Input port | Output port 0 Input port | Output port 0 Input port | Output port
1 INT2 Don't setting 1 INT1 TAOIN input 1 INTO Don't setting
PC5 setting PC4 setting PC3 setting
C5C> pcac> Cc3C>
<PC5F> 0 ! <PC4F> 0 ! <PC3F> 0 $
0 Input port | Output port 0 Input port [ Output port 0 Input port | ~Output port
1 EA27 1 sppo output 1 EA26 SPDI input 1 INT3 TA2IN input
output output
PC7 setting PC6 setting
C7C> C6C>
<PC7F> 0 . <PC6F> 0 !
0 Input port | Output port 0 Input'port | Output port
1 Don't KO8output EA28 SPCLK
setting (Open-drain) { output output

Note 1: A read-modify-write operation cannot be performed for the registers PRCCR, PCFC.
Note 2: When setting PC3-PCO0 pins to INT3-INTO input, set PCDR<PC3D: PCOD> to “0000”(prohibit input), and
when driving PC3-PCO pins to “0”, execute HALT instruction. This setting generates INT3-INTO inside. If don’'t

use external interrupt in HALT condition, set like an interrupt don't generated. (e.g. change port setting)

Figure 3.8.25 Register-for Port C
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3.8.10 Port F (PFO to PF2, PF7)

Ports FO to F2 are 3-bit general-purpose I/O ports. Each bit can be set individually for
input or output. Resetting sets PF0 to PF2 to be input ports. It also sets all bits of the
output latch register to “1”. In addition to functioning as general-purpose I/O port pins,
PFO to PF2 can also function as the output for 1250. A pin can be enabled for I/O by writing
a “1” to the corresponding bit of the Port F Function Register (PFFC).

Port F7 is a 1-bit general-purpose output port. In addition to functioning as
general-purpose output port, PF7 can also function as the SDCLK output. Resetting sets
PF7 to be an SDCLK output port.

(1) Port FO (I2S0CKO), Port F1 (12S0DO), Port F2 (12S0WS)

Ports FO to F2 are general-purpose I/O port. They also/function as either 12S. Each
pin is detailed below.

I°’Smode
(I2S0Module)

12S0CKO
PFO
(Clock output)
12S0DO
PF1
(Data output)
12S0WS
PF2

(Word-select output)
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Reset

Direction

control
(on bit basis)
D

PFCR write

"—l‘

Function

Internal data bus

control
(on bit basis)

PFFC write

3

S

Output latch

T
PF write B
12SOCKO output —’_—)

12S0DO output
12S0WS output

A

S

Selector

|

W
PF read

Figure 3.8.26 Port FO, F1, F2

(2) Port F7 (SDCLK)

Port F7

1s general-purpose output -port.

S

B

Selector

A

%

(]

PFO (12S0CKO)
PF1 (12S0DO)
PF2 (12S0WS)

In/ addition to functioning as

general-purpose output port, PF7 can also function'as the SDCLK output.

Reset

0——\1/

Function
control
(on bit basis)

—

PFFC write

S

Internal-data bus

Output latch

A

PF write

SDCLK—>(B

d

S

Selector

‘rl

PF read

Figure 3.8.27 Port F7

[ ]PF7(SDCLK)
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Port F register
7 5 4 3 2 1 0
PF bit Symbol PF7 PF2 PF1 PFO
(003CH) |Read/Write RIW
System 1 Data from external port (Output latch
Reset State registeris set to “17)
Hot Reset
State B
Port F control register
7 5 4 3 2 1 0
PFCR bit Symbol PF2C PF1C PFOC
(003EH) |Read/write W
System
Reset State 0 0 0
Hot Reset
State B - S
Function Refer to following table
Port F function register
7 5 4 3 2 1 0
PFFC bit Symbol PF7F PF2F PF1F PFOF
(003FH) | Read/Write W W
System
Reset State 1 0 0 0
Hot Reset
State B B B B
Function 0: Port )
Refer to following table
1: SDCLK
Port F drive register
7 5 4 3 2 1 0
PFDR bit Symbol PF7D PF2D PF1D PFOD
(008FH) | Read/Write RIW R/W
System
Reset State 1 1 1 1
Hot Reset
State B B B B
Function Input/Output buffer-drive register for standby mode
PF2 setting PF1 setting PFO setting
F2C> <PF1C> FOC>
<PF2F> 0 ! <PF1F> 0 ! <PFOF> 0 !
0 Input port, | Output port 0 Input port [ Output port 0 Input port | Output port
1 12SOWS output 1 12S0DO output 1 12SOCKOoutput
Note: A read-modify-write’operation cannot be performed for the registers PFCR, PFFC.
Figure 3.8.28 Register for Port F
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3.8.11 Port G (PGO to PG5)

PGO to PG5 are 6-bit input ports and can also be used as the analog input pins for the
internal AD converter. PG3 can also be used as the ADTRG pin for the AD converter.

PG2 and PG3 can also be used as the MX and MY pins for a Touch screen interface.

(PG) register is prohibited to access by byte. All the instruction (Arithmetic/Logical/

Bit operation and rotate/shift instruction) accesses by byte are prohibited. Word access is

always needed.

(N
1
0 T
2 Port G read
o
o
©
©
c
Q
S
Conversion
| AD Channel
Resut 1 Converter || Selector
Register
AD read
I~
ADTRG <] *
(for PG3 only) s NV
1
1
1
1
|
1
! Switch-for TSI
i Typ.10Q
1
1

Figure 3.8.29 Port G

[ 7] PGO(ANO),
PG1(AN1),
PG2(AN2,MX),

PG3(AN3,MY, ADTRG)

PG4(AN4)
PG5(ANS)

TSICRO
<MXEN, MYEN>

TSICRO<TSI7>
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Port G register
5 4 3 2 1 0
PG Bit Symbol PG5 PG4 PG3 PG2 PG1 PGO
(0040H) | Read/Write R
System
Reset State Data from external port
Hot Reset
State -
Note: The input channel selection of the AD converter and the permission of for ADTRG input are set by AD
converter mode register ADMOD1.
Port G Function register
5 4 3 2 1 0
PGFC Bit Symbol PG3F
(0043H) | Read/Write W
System
Reset State 0
Hot Reset
State 7
Function 0: Input-port
or AN3
1 ADTRG
Port G driver register
5 4 3 2 1 0
PGDR Bit Symbol PG3D PG2D
(0090H) | Read/Write RAW
System
Reset State 1 1
Hot Reset
State B -
Function Input/Output buffer
drive register for
standby mode
Note : A read-modify-write operation cannot be performed- forthe registers PGFC.
Figure 3.8.30 Register for Port G
92CF29A-151 2009-06-11



TOSHIBA

TMP92CF29A

3.8.12

Port J (PJO to PJ7)

PJO to PJ4 and PJ7 are 6-bit output port. Resetting sets the output latch PJ to “1”, and
they output “1”. PJ5 to PJ6 are 2-bit input/output port. In addition to functioning as a port,
Port J also functions as output pins for SDRAM (SDRAS, SDCAS, SDWE, SDLLDQM,
SDLUDQM, and SDCKE), SRAM (SRWR ,SRLLB and SRLUB) and NAND-Flash(NDALE

and NDCLE).

The above settings are made using the function register PJFC:

However, either SDRAM or SRAM output signal for PJO- to /PJ2 are selected
automatically according to the setting of the memory controller.

Reset

) ]/

Function

control
(on bit basis)

PJFC write

-1

Internal data bus

Output latch

)

PJ write
1

—[ >—| PJO (SDRAS+SRLLB)

Selector PJ1 (SDCAS. SRLUB)
PJ2 (SDWE,SRWR)
PJ3 (SDLELDQM)

RJ4 (SDLUDQM)

PJ 7(SDCKE)

\IJ

PJ read

SRLLB, SRLUB »SRWR

SDRAS,SDCAS, SDWE, SDLLDQM, SDLUDQM, SDCKE

Figure 3.8.31 Port'JOto J4 and J7
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Reset
N\ _i
Direction
control

0
PJCR write
‘ 1
Function
control

)
PJFC write
1

S A S
Output latch
Selector

) B
PJ write
NDALE, NDCLE output

Internal data bus

[7] P35 (NDALE)
PJ6 (NDCLE)

\

! Y4

S B

d Selector
N

PJ read A

Figure 3/8:32 Port J5,J6
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Port J register
7 6 5 4 3 2 1 0
PJ bit Symbol PJ7 PJ6 PJ5 PJ4 PJ3 PJ2 PJ1 PJO
(004CH) | Read/Write RIW
System Data from external port
Reset State . .
1 (QOutput latch register is 1 1 1 1 1
setto “1")
Hot Reset
State B B B B B - B
Port J control register
7 6 5 4 3 2 1 0
PJCR bit Symbol PJ6C PJ5C
(004EH) | Read/Write W
System
Reset State 0 0
Hot Reset
State B B
Function 0: Input, 1: Output
Port J function register
7 6 5 4 3 2 1 0
pPJFC | bit Symbol PJ7F PJ6F PJSF PJAF PJ3F PJ2F PJ1F PJOF
(004FH) |Read/Write w
System
Reset State 0 0 0 0 0 0 0 0
Hot Reset
State B B B - B B B B
Function 0: Port 0: Port 0:Port 0: Port 0:-Port 0: Port 0: Port 0: Port
1: SDCKE |1: NDCLE |1:NDALE || }SP-UPQM | LiSDLLDOM. | 15w, 1. spcas, |1: spras,
SRWR SRLUB SRLLB
Port J drive register
7 6 5 4 3 2 1 0
PJDR bit Symbol PJ7D PJ6D PJ5D PJ4D PJ3D PJ2D PJ1D PJOD
(0093H) | Read/Write RIW
System
Reset State 1 1 1 1 1 1 1 1
Hot Reset
State B B - N B B B B
Function Input/Output buffer drive register for standby mode
Note: A read-modify-write operation cannot be performed for the registers PJCR and PJFC.
Figure 3.8.33 Register for Port J
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3.8.13 Port K (PKO to PK7)

PKO to PK7 are 8-bit output ports. Resetting sets the output latch PK to “0”, and PKO to

PK7 pins output “0”.

In addition to functioning as an output port function, port K also functions as output
pins for an LCD controller (LCPO, LHSYNC, LLOAD, LFR, LVSYNC, and LGOEO to

LGOE2).

The above settings are made using the function register PKFC.

Reset
f\/ I)—ﬁ
Function control
(on bit basis)
é PKFC write
© | S
©
ke Al
< o o '\
g Output latch g >
9] Bl Output buffer
c
IS n
PK write |_)
LCPO, LLOAD, LFR, LVSYNC,
LHSYNC,LGOEQO to LGOE2
29 PK read

Figure 3.8.34 Port KO to K7

PKO (LCPO)
PK1 (LLOAD)
PK2 (LFR)
PK3 (LVSYNC)
PK4 (LHSYNC)
PK5 (LGOEO)
PK6 (LGOE1)
PK7 (LGOE2)
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Port K register
7 6 5 4 3 2 1 0
PK bit Symbol PK7 PK6 PK5 PK4 PK3 PK2 PK1 PKO
(0050H) | Read/Write RIW
System
Reset State 0 0 0 0 0 0 0 0
Hot Reset
State B B B B B B N B
Port K function register
7 6 5 4 3 2 1 0
PKFC bit Symbol PK7F PK6F PK5F PK4F PK3F PK2F PK1F PKOF
(0053H) | Read/Write W
System
Reset State 0 0 0 0 0 0 0 0
Hot Reset
State B B B B ~ B 1 B
Function O:Port O:Port O:Port 0:Port 0: Port 0: Port 0: Port 0: Port
1:LGOE2 [1:.LGOE1 |1:LGOEOQO |1:LHSYNC [1:LVSYNC |1:LFR 1: LLOAD /[ 1:LCPO
Port K drive register
7 6 5 4 3 2 1 0
PKDR bit Symbol PK7D PK6D PK5D PK4D PK3D PK2D PK1D PKOD
(0094H) | Read/Write R/W
System
Reset State 1 1 1 1 1 1 1 1
Hot Reset
State B B B B B B B B
Function Input/Output buffer drive register for standby mode
Note: A read-modify-write operation cannot be performed for the registers PKFC.
Figure 3.8.35 Registerfor Port K
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3.8.14 PortL (PLO to PL7)

PLO to PL7 are 8-bit output ports. Resetting sets the output latch PL to “0”, and PLO to
PL7 pins output “0”. In addition to functioning as a general-purpose output port, port L can
also function as a data bus for an LCD controller (LDO to LD7). The above settings are
made using the function register PLFC.

PLCR register

PLFC register

. S
PL register 0 PLO ~ PL7

Selector
DO ~ LD7

LDO~LD7 1

E™x
Port read dat Selector
0

Figure 3.8.36 PortLOto L7
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Port L register
7 6 5 4 3 2 1 0
PL bit Symbol PL7 PL6 PL5 PL4 PL3 PL2 PL1 PLO
(0054H) | Read/Write RIW
System
Reset State 0 0 0 0 0 0 0 0
Hot Reset
State ~ ~ ~ ~ ~ ~ N\ ~
Port L control register
7 6 5 4 3 2 1 0
PLCR bit Symbol PL7C PL6C PL5C PL4C PL3C PL2C PL1C PLOC
(0056H) | Read/Write w
System
Reset State 0 0 0 0 0 0 0 0
Hot Reset
State B B B B = a B B
Function 0: Input  1: Qutput
Port L function register
7 6 5 4 3 2 1 0
PLFC bit Symbol PL7F PL6F PL5F PLAF PL3F PL2F PL1F PLOF
(0057H) | Read/Write W
System
Reset State 0 0 0 0 0 0 0 0
Hot Reset
State B B B B B Y4 B B
Function 0: Port 1: Data bus for LCDC (LD7 toLDO)
Port L drive register
7 6 5 4 3 2 1 0
PLDR bit Symbol PL7D PL6D PL5D PL4AD PL3D PL2D PL1D PLOD
(0095H) | Read/Write RIW,
System
Reset State 1 1 1 1 1 1 1 1
Hot Reset
State ~ { B - B B B B
Function Input/Output buffer drive register for standby mode
Notel: A read-modify-write operation cannot be performed for the registers PLCR, PLFC.
Note2: When PL is.used as LD7 to LDO, set-applicable PLnC to"1".
<PLnC>
0 1
<PLnF>
0 Input port | Output port
1 LDn
Figure 3.8.37 Register for Port L
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3.8.15

Port M (PM1, PM2, PM7)

PM1, PM2 and PM7 are 3-bit output ports. Resetting sets the output latch PM to “17,
and PM1, PM2 and PM7 pins output “1”.
In addition to functioning as an output ports, port M also functions as output pin for the
timers (TA10UT), output pins for the RTC alarm (ALARM ), and as the output pin for the
melody/alarm generator (MLDALM, MLDALM) and as the Péwer control pin (PWE). The

above settings are made using the function register PMFC.

PM1 has two output function which MLDALM and TA10UT, and PM2 has two output

functions ALARM and MLDALM . These are selected using PM<PM1>, PM<PM2>.

Selector

Figure 3.8.38 -Port M1

M\
Reset ——
Function control
PMFC write
1
2]
=] S S
< Output latch A
g i
g PM write B
Q
= 1 A
= RN
PM read
TAIOUT—A S
Selector
MLDALM—>B
A

PM1
(MLDALM,
TALOUT)
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Y
Reset _0—¢
Function control
(on bit basis)
PMFC write
8
% Output latch A
% Selector |'> PM2
c i) (ALARM ,
L PM write B MLDALM )
<1 R
PM read
MLDALM — A S
Selector
ALARM —>B
N\
Figure 3.8.39 Port M2
M\
Reset
_q—¢
Function
control
(on bit basis)
PMFC write
T\
S S
Output latch A
[%2]
3 Selector > [ ]Pm7 (PWE)
I 7
3 PM write B
= 1
£ a
£ PM read
PWE
AN
Figure 3.8.40 Port M7
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Port M register
7 5 4 3 2 1 0
PM bit Symbol PM7 PM2 PM1
(0058H) | Read/Write R/W RIW
System
Reset State 1 1 1
Hot Reset
State - - B
Port M function register
7 5 4 3 2 1 0
PMFC | bit Symbol PM7F PM2F PM1F
(005BH) | Read/Write W W
System
Reset State 0 0 0
Hot Reset
State - 2 B
Function 0: Port 0: Port 0: Port
1: PWE 1,/ALARM gt |1: MLDALM
<PM2>=1, | at
MLDALM <PM1>=1,
at TALOUT
<PM2>=0 at
<PM1>=0
Port M drive register
7 5 4 3 2 1 0
PMDR bit Symbol PM7D PM2D PM1D
(0096H) | Read/Write RIW R/W
System
Reset State 1 1 1
Hot Reset
State - B B
Function Input Input/Output buffer
/Output drive register for
buffer standby mode
drive
register for
standby
mode

Note: A read-modify-write operation cannot-be performed for the registers PMFC.

Figure 3.8.41 Register for Port M
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3.8.16 Port N (PNO to PN7)

PNO to PN7 are 8-bit general-purpose I/0O port. Each bit can be set individually for input
or output. Resetting sets Port N to an input port.

In addition to functioning as a general-purpose I/O port, Port N can also function as
key-board interface pin (KOO to KO7) which can be set to open-drain output buffer.

Reset

‘ I
Direction
control

(on bit basis)

PNCR write

1
Function
control

(on bit basis)

T

PNFC write

—

S N
Output latch

Internal data bus

[~] PNO(KOO) to PN7(KO7)

Open-drain
enable

S B N/

A Selector

1\ .
PN write

PC read A

Figure 3.8.42 Port'N
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Port N register
7 6 5 4 3 2 1 0
PN bit Symbol PN7 PN6 PN5 PN4 PN3 PN2 PN1 PNO
(005CH) | Read/Write RIW
System : : wqn
Reset State Data from external port (Output latch register is set to “1”)
Hot Reset
State B
Port N control register
7 6 5 4 3 2 1 0
PNCR bit Symbol PN7C PN6C PN5C PN4C PN3C PN2C PN1C PNOC
(005EH) | Read/Write W
System
Reset State 0 0 0 0 0 0 0 0
Hot Reset
State B B B - O 2 B B
Function 0: Input 1: Output
Port N function register
7 6 5 4 3 2 1 0
PNFC bit Symbol PN7F PN6F PN5F PN4F PN3F PN2F PN1F PNOF
(005FH) | Read/Write W
System
Reset State 0 0 0 0 0 0 0 0
Hot Reset
State B B B B B / B B
Function 0: CMOS output 1: Open-drain output
Port N drive register
7 6 5 4 3 2 1 0
PNDR bit Symbol PN7D PN6D PN5D PN4D PN3D PN2D PN1D PNOD
(0097H) | Read/Write RIW,
System
Reset State 1 1 1 1 1 1 1 1
Hot Reset
State 7 V4 B - B B B B
Function Input/Output buffer drive register for standby mode
Note : A read-modify-write operation cannot be performedfor the registers PNCR and PNFC.
Figure 3.8.43 Register for Port N
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3.8.17 Port P (PP3 to PP7)

Ports P3 to P5 are 3-bit general-purpose I/O ports. Each bit can be set individually for
input or output. Resetting sets port P3 to P5 to input port and output latch to “0”.

In addition to functioning as general-purpose I/O port, P3 to P5 can also function as an
output pin for timer (TA70UT), as an input pin for timers (TBOINO, TB1INO), and as an
input pin for external interruption (INT5 to INT7), serial transfer SIO0 (TXDO0, RXDO,
SCLKO, CTS0), SIO1 (TXD1, RXD1, SCLK1, CTSL).

Port P6 is 1-bit output port. Resetting sets output latch to “0”.

In addition to functioning as an output port, PP6 and PP7 can also function as an output
pin for timer (TBOOUTO).

Setting in the corresponding bits of PPCR and PPFC enables. the respective functions.

The edge select for external interruption is determined by the IIMC register in the
interruption controller.

In port setting, if 16 bit timer input is selected and capture control is executed, INT6 and
INT7 don’t depend on IIMC1 register setting: {INT6 and INT7 operate by setting
TBnMOD<TBnCPM1:0>.

Reset

Direction control
(on bit basis) 4>_
<PP1F2>

0
PPCR write
' 1
Function
control
(on bit basis)

LI <PP1F2>
PPFC write <PPAE2>

: |
R S A S Open-drain possible
A PPFC2<PPOF2>
S

Selector Selector
T TXD1->A B PP3 (INT5,TA70OUT,
PP write B Selector [

TXDO, TXD1)
TA7OUT TXDO—~B

Internal data bus

Output latch

B
Selector

1
N
I~ PP read

Level/edge selection

INT5 (__CE and
Rising/Falling selection

<pPP1F2> IIMC<ISLE, ISEDGE>

Figure 3.8.44 Port P3
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A~ Reset

Direction control
(on bit basis)

A
PPCR write

Function control
(on bit basis)

A
PPFC write

.

R
Output latch

Internal data bus

{1 . PP4 (INT6,TBOINO, RXDO, RXD1)

\

0 2
PP write S 5 =~
e Selector
A

™~ PP read

b Rising/Falling selection

| f

(from TMRBO) INT6 IIMCO<IGEDGE>

TBOINO <—Cb <PP2F2>

(to P91)
PPARXDO

INT6

A G: <PP2F2>

RXD1 input «———| 59"38Ct0"B PO1RXD1
(from P91)

<PP5F2 >

Figure 3.8.45 Port P4
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N~ Reset
Direction control
(on bit basis) <PP3F2>
)

PPCR write
" 1
a Function control
g (on bit basis) 1
=]
= % <PP3F2>
o
g PPFC write <PP6F2>
- 1

A S
R i SCLK1 S S
Output latch 1A Selector > [ PP5 (INT7, TB1INO, SCLKO
Selector| |g SCLK1,CTSO0, CTS1)
SCLKO —|B
PP write
S Y
: V4
ﬁ Selector
I~ Al
IINT7 Rising/Falling selection
(from TMRB1) INT7 IMCPEDEES
<PP3F2>
TB1INO (_CF—

(to P92)
PP5SCLKIO

A G: <PP3F2>

SCLK1 input / «——

. Selector
CTS1 input S B P92SCLKI1
(from P92)

<PP6F2>

Figure 3.8.46 Port P5
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Reset

—

Function
control

Internal data bus

(on bit basis)

)
PPFC write

1

R

Output latch

T
PP write

A S

Selector N

B

TBOOUTO output _’_—)

Figure 3.8.47 Port P6

Dppe (TBOOUTO)
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Port P register
6 5 4 3 0
PP bit Symbol PP6 PP5 PP4 PP3
(0060H) Read/Write RIW
System 0 Data from external port (Output latch
Reset State register is cleared to “0”)
Hot Reset
State B B B B
Port P control register
6 5 4 3 0
PPCR bit Symbol PP5C PP4C PP3C
(0062H) Read/Write W
System
Reset State 0 0 0
Hot Reset
State B - N
Function 0: Input 1: Output
Port P function register
6 5 4 3 0
PPFC bit Symbol PP6F PP5F PP4F PP3F
(0063H) Read/Write w
System
Reset State 0 0 0 0
Hot Reset
State B B B -
Function 0:Port Refer to following table
1:TBOOUTO
Port P drive register
6 5 4 3 0
PPDR bit Symbol PP6D PP5D PP4D PP3D
(0098H) | Read/Write RIW
System
Reset State 1 1 1 1
Hot Reset
State — L / B
Function Input/Output buffer drive register for standby
mode
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Port P Function register 2
7 6 5 4 3 2 1 0
PPFC2 bit Symbol PP6F2 PP5F2 PP4F2 PP3F2 PP2F2 PP1F2 PPOF2
(0061H) | Read/Write w
System
Reset State 0 0 0 0 0 0 0
Hot Reset
State - - - - - N -
Function PPS SIo1 PP3 PP5 PP4 PP3 PP3
SCLK RXD selection |selection [selection- |selection |selection
output selection [0: TXD1 |[0: Others/|0: Others /| 0; Others [0: CMOS
0: SCLK1 |0: PP4 1: TXDO 1: SCLK, [1:RXD 1. TXD 1: Open
1: SCLKO [1:P91 CTSin input output -drain
put or
SIo1 SCLK
SCLK, output
CTS input
0: PP5
1: P92
PP3 setting (<PP1F2>=0) PP4 setting (<PP2F2>=0) PP5 setting (<PP3F2>=0)
P3C> p4C> P5C>
<PP3F> 0 ! <PP4F> 0 ! <PP5F> 0 !
0 Input port | Output port 0 Input port | Output port 0 Input port | Output port
1 INT5 input [ TA70UT 1 INT5 input TBOINO INT7 input | TB1INO
output input \ input

Notel: When setting <PP3F2, PP2F2, PP1F2> = "1", PP3~PP5 pins are set to SIO0 or SIO1 functions regardless
PPCR, PPFC setting. PP3-is set to TXD, PP4 is set:to RXD. PP5 is set to SCLK input or CTS input when

<PP5C>=0. PP5 is set to SCLK output when <PP5C>=1.
Note2: A read-modify-write operation cannot be performed for the registers PPCR, PPFC.
Note3: When setting PP5, PP4, PP3 pins to INT7,INT6,INT5.input, set PPDR<PP5D:3D> to “0000” (prohibit input),
and when driving PP5,PP4,PP3 pins to “0”, execute HALT instruction. This setting generates INT7, INT6, and

INTS5.inside./If don’t using external interruptin HALT condition, set like an interrupt don't generated.

Figure 3.8.48 Register for Port P
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3.8.18 Port R (RO to R3)
Ports RO to R3 are 4-bit general-purpose I/O ports. Each bit can be set individually for
input or output. Resetting sets port RO to R3 to input port and output latch to “0”.
In addition to functioning as general-purpose 1/0 port, PRO to PR3 can also function as
the SPI controller pin (SPCLK, SPCS, SPDO and SPDI).
Setting in the corresponding bits of PFCR and PFFC enables the respective functions.

Reset

) 1
Direction
control

(on bit basis)

PRCR write

Function
control
(on bit basis)

T

PRFC write

-
R |'>—o—|j PRO(SPDI)

Output latch

Internal data bus

PR write

S B :7

bl Selector

PR read A

(to-Port C)<—<:’_
SPDI input

Figure 3.8.49 Port RO
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Internal data bus

Reset

1 1
Direction
control

(on bit basis)

PRCR write
<
1

Function

control
(on bit basis)

PRFC write

—

S
R A P> 4 DPRl(SPDO),

Output latch Selector

PR3 (SPCLK)

A B
PR write
SPDO,

SPCS, S B §7

SPCLK
M Selector

PR read A

Figure 3.8.50- Port R1 to R3

PR2 (SPCS),
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Port R register
7 6 5 4 3 2 1 0
PR bit Symbol PR3 PR2 PR1 PRO
(0064H) | Read/Write RIW
System Data from external port
Reset State (Output latch register.is cleared to “07)
Hot Reset
State \
Port R control register
7 6 5 4 3 2 1 0
PRCR bit Symbol PR3C PR2C PR1C PROC
(0066H) | Read/Write W
System
Reset State 0 0 0 0
Hot Reset
State S B B N
Function 0: Input, 1: Output
Port R function register
7 6 5 4 3 2 1 0
PRFC bit Symbol PR3F PR2F PR1F PROF
(0067H) | Read/Write W
System
Reset State 0 0 0 0
Hot Reset
State ~ B B B
Function 0:/Port Q: Port 0: Port 0: Port
1. SPCLK [1:\SPCS |1:SPDO 1: SPDI
Port\R drive register
7 6 5 4 3 2 1 0
PRDR bit Symbol PR3D PR2D PR1D PROD
(0099H) | Read/Write R/W
System
Reset State 1 1 1 1
Hot Reset
State B B B B
Function Input/Output buffer drive register
for standby mode
PR1 setting PRO setting
PR1C> ROC>
<PR1F> 0 ! <PROF> 0 !
0 Input port~ | Output port 0 Input port | Output port
1 Reserved SPDO SPDI i R d
output 1 input eserve
PR3setting PR2 setting
R3C> R2C>
<PR3F> 0 ! <PR2F> 0 !
0 Input port [ Output port 0 Input port | Output port
SPCLK Spcs
1 Reserved SPCS
output 1 Reserved Output

Note: A read-modify-write operation cannot be performed for the registers PRCR, PRFC.

Figure 3.8.51 Register for Port R
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3.8.19 PortT (PTOto PT7)
Ports TO to T7 are 8-bit general-purpose 1I/0O ports. Each bit can be set individually for
input or output. Resetting sets ports TO to T'7 to input port and output latch to “0”.

In addition to functioning as general-purpose I/O port, PT0 to PT7 can also function as a
data bus pin for LCD controller (LD8 to LD15).

Setting in the corresponding bits of PTCR and PTFC enables the respective functions.

PTCR register

PTFC register

PT register 0 S
Selector] PTO ~ PT7
LD8 ~ LD15
LD8~LD15 1
S
Port read data Selector
0

Figure 3.8.52 Port TOto T7
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Port T register
7 5 4 3 2 1 0
PT bit Symbol PT7 PT6 PT5 PT4 PT3 PT2 PT1 PTO
(00AOH) | Read/Write RIW
System . : wrym
Reset State Data from external port (Output latch register is cleared to “0”)
Hot Reset
State ~
Port T control register
7 5 4 3 2 1 0
PTCR bit Symbol PT7C PT6C PT5C PT4C PT3C PT2C PT1C PTOC
(00A2H) | Read/Write w
System
Reset State 0 0 0 0 0 0 0
Hot Reset
State B B B B - B B
Function 0: Input 1: Output
Port T function register
7 5 4 3 2 1 0
PTFC | bit Symbol PT7F PT6F PT5SF PT4F PT3F PT2F PTLF PTOF
(00A3H) | Read/Write W
System
Reset State 0 0 0 0 0 0 0
Hot Reset
State B B B B — B B
Function 0: Port_1: Data bus for LCDC (LD15 to 'D8)
Port T drive register
7 5 4 3 2 1 0
PTDR bit Symbol PT7D PT6D PT5D PT4D PT3D PT2D PT1D PTOD
(009BH) | Read/Write RIW
System
Reset State 1 1 1 1 1 1 1
Hot Reset
State B B . ~ B B B
Function Input/Output buffer drive.register for standby mode
Notel: A read-modify-write operation cannot be performed for the registers PTCR, PTFC.
Note2: When PT is‘used as LD15 to LD8, set-applicable PTnC to"1".
<PTnC>
0 1
<PTnF>
0 Input port | Output port
1 LDn
Figure 3.8.53 Register for Port T
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3.8.20 PortV (PV6, PV7)
Ports V6 and V7 are 2-bit general-purpose I/O ports. Each bit can be set individually for
input or output. Resetting sets port V6 and V7 to input port and output latch to “0”.

In addition to functioning as general-purpose I/O port, PV can also function as a input or
output pin for SBI (SDA, SCL).

Setting in the corresponding bits of PVCR and PVFC enables the respective functions.

Reset
B lh—l
Direction
control
(on bit basis)
i)
PVCR write
' l
Function
” control
2 (on bit basis)
o]
3 PVFC write
]
5 R g S
€ Output latch Sélector > D PV6(SDA)
Open-drain possiH PV7(SCL)
T SDA,SCL output—|.D pen-drain possitye
; ’ PVFC2<PV6F2,PY7F2>
PV write
S B :7
bl Selector
PV read A
N

SDA,SCL input

Figure 3.8.54 (PortV6, V7
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Port V register
7 6 5 4 3 0
PV bit Symbol PV7 PV6
(00A8H) | Read/Write R/W
System Data from external port
Reset State (Output latch register is
cleared to “0”)
Hot Reset
State ~
Port V control register
7 6 5 4 3 0
PVCR bit Symbol PV7C PV6C
(00AAH) | Read/Write
System
Reset State 0 0
Hot Reset
State ~ ~
Function 0: Input 1: Output
Port V function register
7 6 5 4 3 0
PVFC bit Symbol PVT7F PVG6F
(00ABH) | Read/Write w
System
Reset State 0 0
Hot Reset
State ~ ~
Function Refer to following table
PortV function register.2
7 6 5 4 3 0
PVFC2 |bit Symbol PV7F2 PV6F2
(00A9H) | Read/Write W
System
Reset State 0 0
Hot Reset
State _ 7
Function 0: CMOS 0: CMOS
1: Open 1: Open
-drain -drain
Port V drive register
7 6 5 4 3 0
PVDR | bit Symbol PV7D PV6D
(009DH) | Read/Write R/W
System
Reset State 1 1
Hot Reset
State - \
Function Input/Output buffer
drive register for
standby mode
PV7 setting PV6 setting
<PV7C> 0 1 <PV6C> 0 1
<PV7F> <PV6F>
0 Input port | Output port 0 Input port | Output port
1 Reserved SCL I/O 1 Reserved SDA /O

Note: A read-modify-write operation cannot be performed for the registers PVCR, PVFC and PVFC2.

Figure 3.8.55 Register for Port V
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3.8.21 Port X (PX4, PX5)
Port X5 is 1-bit general-purpose 1/O ports. Each bit can be set individually for input or
output. Resetting sets ports X5 to input port and output latch to “0”.

In addition to functioning as general-purpose I/O port, PX5 can also function as the USB
clock input pin (X1USB) and dividing clock output of X1 and X2 oscillation clock (X1D4).

Setting in the corresponding bits of PXCR and PXFC enables the respective functions.
Port X4 is 1-bit general-purpose output port. Resetting sets output latch to “0”.

In addition to functioning as general-purpose output port, PX4 can also function as a
system clock output pin (CLKOUT) and as an output pin (LDIV).

Setting in the corresponding bits of PX and PXFC enables the respective functions.

Reset

Function
control
(on bit basis)

PXFC write
R

Output latch i

Internal data bus

A-S

PX write Selector L D P>(4((|_CDLI|\</()DUT)
d 5

Y

PX read

CLKOUT output —>1 A S

Selector

LDIV output —>| B

Figure 3.8.56 <Port' X4
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Internal data bus

Reset

Direction

control
(on bit basis)

PXCR write

Function
control

(on bit basis)

T

PXFC write

Function
control 2

(on bit basis)

)

PXFC2 write

R

Output latch

A S

PX write

S

X1pin x1/8 —>|
X1 pin x1/4 —>|

X1 pin x1/2 —| Selector

X1 pin x1/1 —|

S

Selector

éB

1

Selector
B

X1D4 output

PX'read

X1UsB input<——C

S
B

Selector
A

Figure 3.8.57 Port X5

> 1Px5 (x1UsB, x1D4)
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Port X register
5 4 3 0
PX bit Symbol PX5 Note3) | PX4 Note2)
(00BOH) | Read/Write R/W
System Data from external port
Reset State (Output latch register is
cleared to “0”)
Hot Reset
State B
Port X control register
5 4 3 0
PXCR bit Symbol PX5C
(00B2H) | Read/Write W
System
Reset State 0
Hot Reset
State B
Function 0: Input
1: Output
Port X function register
5 4 3 0
PXFC bit Symbol PX5F PX4F
(00B3H) | Read/Write W
System
Reset State 0 0
Hot Reset
State Z S
Function Refer to following table
Port X function register 2
5 4 3 0
PXFC2 | bit Symbol PX5F2 PX4F2
(00B1H) | Read/Write RIW
System
Reset State 0 0
Hot Reset
State ~ ~
Function X1D4 output
clock selection
00: X1 pin-x1/8
01: X1.pin x1/4
10: X1 pin-x1/2
11: X1 pinx1/1
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Port X drive register

7 6 5 4 3 2 1 0
PXDR bit Symbol PXD5 PXD4
(009FH) | Read/Write RIW
System
Reset State 1 1
Hot Reset
State - -
Function Input/Output buffer
drive register
for standby mode

Note 1: A read-modify-write operation cannot be performed for the registers PXCR, PXFC and PXFC2.
Note 2: When PXFC<PX4F>=“1", Function is changed by PX<PX4> setting. Refer.to following PX4 setting table.
Note 3: When PX5 is used as X1D4 pin, PX<PX5> must be set to “1". Refer to following PX5 setting table.

PX4 setting PX5 setting
<PX4> <PX5C>
0 1 0 1
<PX4F> <PX5F>
0 Output port 0 Input port Output port
1 CLKOUT output | LDIV output 1 X1USB input X1D4 output
at <PX5>="1"

Figure 3.8.58 Register for Port X
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3.9 Memory Controller (MEMC)

3.9.1 Functional Overview

The TMP92CF29A has a memory controller with the following features to control four
programmable address spaces:

(1) Four programmable address spaces

The MEMC can specify a start address and a block size for each of the four memory
spaces (CS0 to CS3 spaces).

* SRAM or ROM: All CS spaces (CSO0 to CS3) can be assigned.
* SDRAM: Either the CS1 or CS2 space can be assigned.
* Page-ROM: Only the CS2 space can be assigned.

* NAND-Flash: It is not required to setup the €S lines. However, when using
NAND-Flash, set the BROMCR<CSDIS> bit to/“1” to assign an
external area to avoid data conflicts with CS spaces.

(2) Memory specification
The MEMC can specify the type of memory, SRAM, ROM and SDRAM to associate with
the selected address spaces.
(3) Data bus width specification
The data bus width is selectable from 8-and 16 bits for,the respective chip select spaces.

(4) Wait control
The number of wait states tobe inserted into an external bus cycle is determined by the
wait state bits of the control register and the WAIT input pin. The number of wait states

of a read cycle and that of a write cycle can be specified individually. The number of wait
states can be selected from the following 15/options:

0 to 10 wait states, 12 wait states,
16 wait states, 20 wait states

4+N-wait states (controlled by the WAIT pin)
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3.9.2  Control Registers and Memory Access Operations After Reset

This section describes the registers to control the memory controller, their reset states and
the necessary settings after reset.

(1) Control Registers

The control registers of the memory controller are listed below.

- Control registers: BnCSH/BnCSL(n = 0 to 3, EX)
Configures the basic settings of the memory controller, such as the memory type
specification and the number of wait states to be inserted into a read or write
cycle.
- Memory Start Address register: MSARn(n = 0 to 3)
Specifies a start address fora selected address space.
+ Memory Address Mask register: MAMR (n = 0 to 3)
Specifies a block size for a selected address space.
- Page ROM Control register: PMEMCR
Selects a method of accessing Page-ROM.
-Timing control registers: CSTMGCR, WRTMGCR, RDTMGCRn
Adjust the timing of rising and falling edges of control signals.
- On-chip Boot ROM Control register: BROMCR
Selects a method of accessing Boot-ROM.
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Table 3.9.1 Control Registers
7 6 5 4 3 2 1 0

BOCSL Bit Symbol BOWW3 BOWW2 BOWW1 BOWWO BOWR3 BOWR2 BOWR1 BOWRO
(0140H) | Read/Write R/W

Reset State 0 0 1 0 0 0 1 0
BOCSH Bit Symbol BOE BOREC BOOM1 BOOMO BOBUS1 [ BOBUSO
(0141H) | Read/Write RIW RIW

Reset State 0 0 0 0 0 0
MAMRO | Bit Symbol MOV20 MOV19 MOV18 MOoV17 MOV16 MOV15, | MOV14-V9 MOV8
(0142H) | Read/Write R/W

Reset State 1 1 1 1 1 1 1 1
MSARO | Bit Symbol M0S23 M0S22 M0S21 M0S20 M0S19 M0S18 M0S17 M0S16
(0143H) | Read/Write RIW

Reset State 1 1 1 1 1 1 1 1
B1CSL Bit Symbol B1WW3 B1WW2 B1WW1 B1WWO B1WR3 B1WR2 B1WR1 B1WRO
(0144H) | Read/Write R/W

Reset State 0 0 1 0 0 0 1 0
B1CSH Bit Symbol B1E B1REC B1OM1 B1OMO B1BUSY | B1BUSO
(0145H) | Read/Write RIW RIW

Reset State 0 0 0 0 0 0
MAMR1 | Bit Symbol M1v21 M1V20 M1V19 M1V18 M1Vv17 M1V16~ | M1V15-V9 M1Vv8
(0146H) | Read/Write R/W

Reset State 1 1 1 1 1 1 1 1
MSAR1 | Bit Symbol M1S23 M1S22 M1S21 M1S20 M1S19 M1S18 M1S17 M1S16
(0147H) | Read/Write RIW

Reset State 1 1 1 1 1 1 1 1
B2CSL Bit Symbol B2WW3 B2WWwW2 B2Ww1 B2WWO0 B2WR3 B2WR2 B2WR1 B2WRO
(0148H) | Read/Write R/W

Reset State 0 6] 1 0 0 0 1 0
B2CSH Bit Symbol B2E B2M B2REC B20M1 B20OMO B2BUS1 | B2BUSO
(0149H) | Read/Write RIW

Reset State 1 0 0 0 0 0 1
MAMR2 | Bit Symbol M2Vv22 M2Vv21 M2V20 M2V19 M2V18 M2Vv17 M2V16 M2V15
(014AH) | Read/Write R/W

Reset State 1 1 1 1 1 1 1 1
MSAR2 | Bit Symbol M2S23 M2S22 M2S21 M2S20 M2S19 M2S18 M2S17 M2S16
(014BH) | Read/Write RIW

Reset State 1 1 1 1 1 1 1 1
B3CSL Bit Symbol B3WW3 B3WW2 B3ww1 B3WWO0 B3WR3 B3WR2 B3WR1 B3WRO
(014CH). | Read/Write R/W

Reset State 0 0 1 0 0 0 1 0
B3CSH Bit Symbol B3E B3REC B30OM1 B30OMO B3BUS1 [ B3BUSO
(014DH). | Read/Write RIW, R/W

Reset State 0 0 0 0 0 0
MAMR3 | Bit Symbol M3V22 M3v21 M3V20 M3V19 M3V18 M3Vv17 M3V16 M3V15
(014EH) | Read/Write R/W

Reset State 1 1 1 1 1 1 1 1
MSAR3 | Bit Symbol M3S23 M3S22 M3S21 M3S20 M3S19 M3S18 M3S17 M3S16
(014FH) | Read/Write RIW

Reset State 1 1 1 1 1 1 1 1
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Table 3.9.2 Control Registers
7 6 5 4 3 2 1 0

BEXCSL Bit Symbol BEXWW3 [ BEXWW2 | BEXWW1 | BEXWWO [ BEXWR3 | BEXWR2 | BEXWR1 | BEXWRO0
(0158H) Read/Write R/W

Reset State 0 0 1 0 0 0 1 0
BEXCSH Bit Symbol BEXREC | BEXOM1 | BEXOMO | BEXBUS1 [ BEXBUSO
(0159H) Read/Write RIW

Reset State 0 0 0 0 0
PMEMCR Bit Symbol OPGE OPWR1 OPWRO PR1 PRO
(0166H) Read/Write R/W R/W R/W

Reset State 0 0 0 1 0
CSTMGCR Bit Symbol TACSEL1 | TACSELO TAC1 TACO
(0168H) Read/Write RIW RIW

Reset State 0 0 0 0
WRTMGCR | Bit Symbol TCWSEL1 [ TCWSELO | TCWS1 TCWSO0 TCWH1 TCWHO
(0169H) Read/Write R/W R/W RIW

Reset State 0 0 0 0 0 0
RDTMGCRO |Bit Symbol B1TCRS1 | BITCRSO | BITCRH1 | BITCRHO | BOTCRS1 | BOTCRSQO | BOTCRH1 | BOTCRHO
(016AH) Read/Write RIW RIW R/W R/W

Reset State 0 0 0 0 0 0 0 0
RDTMGCR1 |Bit Symbol B3TCRS1 | BATCRSO | BSTCRH1 |.BBATCRHO'| B2TCRS1 | B2TCRSO | B2TCRH1 | B2TCRHO
(016BH) Read/Write R/W R/W RIW R/W

Reset State 0 0 0 0 0 0 0 0
BROMCR Bit Symbol CSDIS ROMLESS VACE
(016CH) Read/Write RIW

Reset State 1 0/1 1/0
RAMCR Bit Symbol —
(016DH) Read/Write RIW

Reset State Must be

written as
"1,
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(2) Memory Access Operations After Reset

After reset, external memory is accessed using the initial data bus width that is
determined by the AM1 and AMO pins. The settings of the AM1 and AMO pins and their
corresponding operation modes are as follows:

AM1 AMO Start Mode
0 0 Don't use this setting
0 1 Boots from external memory using al6-bit data bus (Note)
1 0 Don't use this setting
1 1 Boots from the on-chip boot ROM (32-bit on-chip-MROM )

Note: The memory that is used for booting after reset must be either NOR-Flash or Masked-ROM. NAND-Flash and
SDRAM cannot be used.

The values of AM1 and AMO are effective only upon reset. The data bus width is
specified by the <BnBUS1:BnBUSO0> bits of the'control registers at any 'other timing.

Upon reset, only the control registers (B2CSH and B2CSL) “for the CS2 space
automatically becomes effective. (The B2CSH<B2E> bit is set to 1 upon reset.).Then, the
AM1 and AMO values that specify the data bus width are loaded into the data bus width
specification bits of the control register for the CS2 space.At the same time, the address
range ebtween 000000H and FFFFFFH is defined as the CS2 space. (The B2CSH<B2M>

is cleared to 0.)

Then, the address spaces are configured by MSARn and) MAMRn. The BnCSH and
BnCSL registers are also set'up. The BnCSH<BnE> must be set to 1 to enable these

settings.
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3.9.3 Basic Functions and Register Settings

This section describes some of the memory controller functions, such as setting the address
range for each address space, associating memory to the selected space and setting the number
of wait states to be inserted.

(1) Programming chip select spaces

The address ranges of CS0 to CS3 are specified by MSARO to. MSAR3 and MAMRO to
MAMRS3.

(a) Memory Start Address registers
Figure 3.9.1 shows the Memory Start Address registers. The MSARO to MSAR3
specify the start addresses for the CSO to CS3 spaces. The bits S23 to S16 specify the
upper 8 bits (A23 to A16) of the start address. The lower 16 bits of the start address
(A15 to A0) are assumed to be 0. Accordingly, the start address can only be a multiple of
64 Kbytes, ranging from 000000H to FFOO00OH. Figure 3.9.2 shows the relationship
between the start addresses and the Memory Start Address register values.

Memory Start Address Registers (for CSO to CS3 spaces)

7 6 5 4 3 2 1 0
MSARO /MSARl Bit Symbol S23 S22 S21 S20 S19 S18 S17 S16
(0143H) / (0147H) | Read/Write R/W
MSAR2 / MSAR3 | Reset State 1] 1] 1 | 1| 1 | 1| 1| 1
(014BH) [ (014FH) | Function Determines A23 to A16 of the start address

T—> Specifies start addresses for CS0 to CS3 spaces
Figure 3.9.1 Memory Start Address Register

Start Address Value in the Memory Start Address register
(MSARO to MSARB3)

5§§3§§§ T earmye 000000H. :iitsdh v, 00H
010000H ....covorrreerrnne 01H
020000H ~..cooverreennnn: 02H
030000H ..., 03H
040000H .....coooriveeennn. 04H
050000H .....cooorireeennn. 05H
060000H .....covorrrevrrnne 06H
to to
2210101010/ R FFH
FFFFFFH

Figure 3.9.2 Relationship Between Start Addresses and the Memory Start Address Register Values
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(b) Memory Address Mask Registers

Figure 3.9.3 shows the Memory Address Mask registers. MAMRO to MAMRS are
used to determine the sizes of the CSO to CS3 spaces by setting particular bits in
MAMRO to MAMRS3 to mask the corresponding start address bits. The address
compare logic uses only the address bits that are not masked (i.e., mask bit cleared to 0)
to detect an address match in the CSO to CS3 spaces. The upper bits are always
compared.

Also, the address bits that can be masked by MAMRO to MAMRS differ between CSO
to CS3 spaces as follows:

CSO space: A20 to A8

CS1 space: A21 to A8

CS2 and CS3 spaces: A22 to A15

Accordingly, the block size that can be assigned to each space is also different.

Note: After reset, only the control register for the CS2 space is-effective. The control register for the €S2 space has
the B2M bit. If the B2M bit is cleared to 0, the address range between 000000H and FFFFFFH. is defined as the
CS2 space. (The B2M bit is cleared to Oafter reset.) By setting the B2CSH<B2M> bit to-1,the start address

and the block size can be arbitrarily specified, as.in the other spaces.

Memory Address Mask Register (for CS0 space

7 6 5 4 3 2 1 0
MAMRO Bit Symbol V20 V19 V18 V17 V16 V15 V14~9 V8
(0142H) | Read/Write R/IW
Reset State 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1
Function CS0.block'size 0: The address compare logic uses this address bit

The CSO block size can vary from 256 Bytes to 2 Mbytes

Memory Address Mask Register (for CS1 space

7 6 5 4 3 2 1 0
MAMR1 Bit Symbol V21 V20 V19 V18 V17 V16 V15~9 V8
(0146H) Read/Write R/W
Reset State 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1
Function CS1 block size 0: The address compare logic uses this address bit

The CS1 block size can vary from 256 Bytes to. 4 Mbytes

Memory Address Mask Register (for CS2 and CS3 spaces)

7 6 5 4 3 2 1 0
MAMR2 —[MSAR3. | Bit Symbol V22 V21 V20 V19 V18 V17 V16 V15
(014AH)- [ (014FH) | Read/Write R/W
Reset State 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1
Function CS2 or CS3 block size 0: The address compare logic uses this address bit.

The CS2 and CS3 block sizes can vary from 32 Kbytes to 8 Mbytes

Figure 3.9.3 Memory Address Mask Registers
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(c) Setting the start addresses and address ranges

An example of specifying a 64-Kbyte address space starting from 010000H for the
CS0 space:

Set 01H in the MSARO0<S23:S16> bits that corresponds to the upper 8 bits of the
start address. Then, calculate the difference between the start address and the
anticipated end address (01FFFFH) based on the size of the CS0 space. Bits 20 to 8 of
the calculation result correspond to the mask value to be set for the CSO space. Setting
this value in the MAMRO<V20:V8> bits specifies the block size. This example sets 07TH
in MAMRO to allocate a 64-Kbyte address space for the CSO space.

[0]0)0)0j0j0j0j1)1)2y1)21y2 )11 )13 21191 Memory
end
I 0 | 1 | F | F | F | F |H  address
CSO0 area
Size
S23 S22 S21 520 S19 S18 S17 S16 (64
Memor: Kbytes)
MSARO [0 |ofofofofofof1]ojojojojojojojojojojojojojojojoy; Memoy
) | 0 | 1 | 0 | 0 | 0 | 0 | H. address
V20 V19 V18 V17 V16 V15 V14 ~ V9 V8 L
MsMRO:0:0:0:0 ofofofofaf1 1 1 1 1 1laf1 1 1 1 1 121 1} Memoryaddess
* - mask register
| 0 7 |-H setting

——> Setting of 07H specifies a 64-Kbyte area.

(d) Programming block sizes

Table 3.9.3 shows the relationship between CS spaces and their block sizes. The “A”
symbol indicates /the size that might  not be programmable depending on the
combination of the'values of the Memory Start Address and Memory Address Mask
registers. When specifying a block size indicated as “A”, set the start address register to
a multiple of the desired block size starting from 000000H.

If the 16-Mbyte range is defined as CS2 space, or if two or more spaces overlap, the
settings for the CS space with the smallest number overrides the settings for other
spaces because of its highest priority.

Example: Defining 128 Kbyte area as the CS0 space:

a. Valid start addresses

000000H ) (75 TONes

020000H ) The desired block size can be programmed with this
040000H 128 Kbytes configuration.

060000H ) 128 Kbytes

b. Invalid start addresses

000000H

010000H 64 Kbytes This start address is not a multiple of the desired block size.

030000H 128 Kbytes Hence, the desired block size cannot be programmed with this
configuration.

050000H ) 128 Kbytes
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Table 3.9.3 Valid Block Sizes for Each CS Space

(BSVI‘Z‘; 256 512 | 32K | 64K |128K 256 K|512K| 1M 2M 4 M 8M
CS space
CS0 O O (@] O A A A A A
Cs1 O O O A A A A A
CS2 (@) @] A A A A A
CS3 (@] O A A A A A

Note: The “A” symbol indicates the sizes that may not be programmable depending on the combination of the values

of the Memory Start Address and Memory Address Mask registers.

(e) Priorities of the address spaces

When the specified address space overlaps with the on-chip memory area, the
priority order of the address spaces are as follows:

On-chip I/O > On-chip memory > CSO space >/CS1 space > CS2 space > CS3 space

(f) Specifying the number of wait states and the bus width for the address locations
outside the CS0 to CS3 spaces

The BEXCSL and BEXCSH registers specify the data buswidth and number of wait
states when an address outside the CSO to CS3 spaces (CSEX-space) is accessed. These

registers are always enabled for the CSEX space.
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(2) Memory specification

Setting the BnCSH<BnOM1:BnOMO> bits specifies the memory type that is associated
with each address spaces. The interface signal that corresponds to the specified memory
type is generated. The memory type is specified as follows:

BnCSH<BnOM1:0>

BnOM1 BnOMO Memory Type
0 0 SRAM/ROM (Default)
0 1 (Reserved)
1 0 (Reserved)
1 1 SDRAM

Note : SDRAM can be associated with the CS1 or CS2 space.

(3) Data bus width specification

The data bus width can be specified for. each address- space by the
BnCSH<BnBUS1:BnBUSO> bits as follows:

BnCSH<BnBUS1:BnBUSO>

<BnBUS1> | <BnBUSO> Bus ' Width
0 0 8-bit bus-mode (Default)
0 1 16-bit bus mode
1 0 Reserved
1 1 Don't use this setting

Note: The data bus width for SDRAM should be defined as 16-bits by setting BhCSH<BnBUS1:BnBUSO0> to 01.

As described above, the TMP92CF29A supports dinamic bus sizing, which allows the
controller to transfer operands to or from the selected address spaces while automatically
determining the data bus width. On which part of the data bus the data is actually placed
is determined by the data size, bus width and start address. The table below provides a
detailed deseription of the actual bus-operation.

The TMP92CF29A has only 16 'external data bus pins. Therefore, please ignore the
setting information of when the memory bus width is set to be 32 bits in the table.

Note: If.two memories with different bus widths are assigned to consecutive addresses, do not execute an
instruction” that accesses the addresses crossing the boundary between those memories. Otherwise, a

read/write operation might not be performed correctly.
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Operand Data Operand Start Memory Bus Width CPU Data
) ) CPU Address
Size (bit) Address (bit) D31 to D24|D23 to D16| D15 to D8 | D7 to DO
4n +0 8/16/32 4n+0 XXXXX XXXXX XXXXX b7 to b0
an+1 8 4n+1 XXXXX XXXXX XXXXX b7 to b0
16/32 4n+1 XXXXX XXXXX b7 to b0 XXXXX
8 an+ 2 8/16 4n + 2 XXXXX XXXXX XXXXX b7 to b0
32 4an + 2 XXXXX b7-to b0 XXXXX XXXXX
8 4n + 3 XXXXX XXXXX XXXXX b7 to b0
4n + 3 16 4n + 3 XXXXX XXXXX b7 to b0 XXXXX
32 4n + 3 b7 to b0 XXXXX XXXXX XXXXX
8 (1)4n+0 XXXXX XXXXX XXXXX b7 to b0
4n+0 (2)4n+1 XXXXX XXXXX XXXXX b15 to b8
16/32 4n+0 XXXXX XXXXX b15 to b8 b7 to b0
8 (1)4n+1 XXXXX XXXXX XXXXX b7 to b0
(2) 4n + 2 XXXXX XXXXX XXXXX b15 to b8
4n+1 16 (1)4n+1 XXXXX XXXXX b7 to b0 XXXXX
(2) 4n + 2 XXXXX XXXXX XXXXX b15 to b8
32 4n+1 XXXXX b15 to b8 b7-to b0 XXXXX
16 8 (1) 4n+2 XXXXX XXXXX XXXXX b7 to b0
an+ 2 (2)4n + 1 XXXXX XXXXX XXXXX b15 to b8
16 4n +/2 XXXXX XXXXX b15to b8 b7 to b0
32 4n +2 b15 to b8 b7 to'b0 XXXXX XXXXX
8 (1y4n +3 XXXXX XXXXX XXXXX b7 to b0
(2) 4n+14 XXXXX XXXXX XXXXX b15 to b8
an+3 16 (1)4n + 3 XXXXX XXXXX b7 to b0 XXXXX
(2)4n+4 XXXXX XXXXX XXXXX b15 to b8
32 (1) 4n + 3 b7 to b0 XXXXX XXXXX XXXXX
(2).4n + 4 XXXXX XXXXX XXXXX b15 to b8
(1)4n+0 XXXXX XXXXX XXXXX b7 to b0
8 (2)4n+1 XXXXX XXXXX XXXXX b15 to b8
(3) 4n +2 XXXXX XXXXX XXXXX b23 to b16
4n+0 (4) 4n+ 3 XXXXX XXXXX XXXXX b31 to b24
16 1)4n+0 XXXXX XXXXX b15 to b8 b7 to b0
(2) 4n + 2 XXXXX XXXXX b31 to b24 | b23 to b16
32 4n+0 b31to b24 | b23 to b16 | b15 to b8 b7 to b0
(1) 4n+0 XXXXX XXXXX XXXXX b7 to b0
8 (2)4n +1 XXXXX XXXXX XXXXX b15 to b8
(3)4n+2 XXXXX XXXXX XXXXX b23 to b16
(4)-4n +3 XXXXX XXXXX XXXXX b31 to b24
4n + 1 (1)4n+ 1 XXXXX XXXXX b7 to b0 XXXXX
16 (2)4n + 2 XXXXX XXXXX b23 to b16 | b1l5 to b8
(3)4n+ 4 XXXXX XXXXX XXXXX b31 to b24
32 (1) 4n +1 b23 to b16 | bl5 to b8 b7 to b0 XXXXX
(2)4n+ 4 XXXXX XXXXX XXXXX b31 to b24
32 (1) 4n+2 XXXXX XXXXX XXXXX b7 to b0
s (2) 4n + 3 XXXXX XXXXX XXXXX b15 to b8
(3)4n+4 XXXXX XXXXX XXXXX b23 to b16
" (4)4n+5 XXXXX XXXXX XXXXX b31 to b24
16 (1) 4n+2 XXXXX XXXXX b15 to b8 b7 to b0
(2)4n+4 XXXXX XXXXX b31 to b24 | b23 to b16
32 (1)4n+2 b15 to b8 b7 to b0 XXXXX XXXXX
(2)4n+4 XXXXX XXXXX b31 to b24 | b23 to b16
(1) 4n+3 XXXXX XXXXX XXXXX b7 to b0
8 (2)4n+4 XXXXX XXXXX XXXXX b15 to b8
(3)4n+5 XXXXX XXXXX XXXXX b23 to b16
(4)4n +6 XXXXX XXXXX XXXXX b31 to b24
4n + 3 (1)4n+3 XXXXX XXXXX b7 to b0 XXXXX
16 (2)4n+4 XXXXX XXXXX b23 to b16 | b15 to b8
(3)4n+6 XXXXX XXXXX XXXXX b31 to b24
32 (1)4n+3 b7 to b0 XXXXX XXXXX XXXXX
(2)4n+4 XXXXX b31 to b24 | b23 to b16 | b1l5 to b8

xxxxx: The input data placed on the data bus indicated by this symbol is ignored during a read operation. During a

write operation, the bus is in the high-impedance state, and the write strobe signal remains inactive.
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(4) Wait control
The external bus cycle completes in two states at minimum (25 ns at fsys = 80 MHz)

without inserting a wait state.

Setting up the BnCSL<BnWW3:BnWWO0> bits specifies the number of wait states to be
inserted in a write cycle, and setting the BnCSL<BnWR3:BnWRO0> bits specifies the
number of wait states to be inserted in a read cycle. The external bus cycle can be
programmed as follows;

BnCSL<BnWW>/<BnWR>

<BnWW3> | <BnWW2> | <BnWW1> | <BnWWwWO0>

Number of Wait States
<BnWR3> <BnWR2> <BnWR1> <BnWRO0O>

o
o

2 states (0 wait state), fixed wait-state mode

3 states (1 wait state), fixed wait-state mode (Default)

4 states (2, wait states), fixed wait-state’ mode

5 states (3 wait states), fixed wait-state. mode

6 states (4 wait states), fixed wait-state mode

7 states/(5‘'wait states), fixed wait-state mode

8 states (6 wait states), fixed wait-state' mode

9 states (7 wait states), fixed wait-state mode

10 states (8 wait states), fixed wait-state mode

11 states (9 wait states), fixed wait-state mode

12 states (10 wait states), fixed wait-state mode

14 states (12 wait states), fixed wait-state mode

18 states (16 wait states), fixed wait-state mode

Rk, |r|lololo]lo|r |~ |~ |o
olr |k |lo|lo|r |k |lo|o|r |k |o |+~

22 states (20 wait states), fixed wait-state mode

ocolo|lr ||,k |k ||~ |lo|o|o|o|o
rlo|r|lo |~ ok o+ |o |k |o |+ |o |+

0 1 6 states + WAIT pin input mode

Other than the above Reserved

Note 1: For SDRAM, the above-settings are not effective. Refer to Section 3.11, SDRAM controller.

Note 2: For NAND flash memaory, the above settings are not effective.

(a) Fixed wait-state mode

The bus cycle is completed in'the specified number of states. The number of states
can be selected from 2 (0 wait state) through 12 (10 wait states), 14 (12 wait states), 18
(16 wait states) and 22 (20 wait states).

(b) / WAIT pin input mode

In this mode, the WAIT signal is sampled. A wait state is continued to be inserted
while the WA—ITsignal is sampled active. The minimum bus cycle in this mode is six
states. The bus cycle)is completed if the WAIT signal 1s sampled High at the rising
edge of SDCLK in the sixth state. The bus cycle is extended as long as the WAIT signal
remains active after sixth state.
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(5) Recovery cycle (data hold time) control

For some memory, the data hold time after when the CE or OE signal is asserted in a
read cycle is defined by the AC specification. This may lead to data conflicts. Thus, to
avoid this problem, a single dummy cycle can be inserted immediately after an access
cycle for the CSm space by setting the BmCSH<BmREC> bit to 1.

This single dummy cycle is inserted when another CS space is accessed in the next bus

cycle.
BnCSH<BnREC>
0 No dummy cycle is inserted (Default).
1 Dummy cycle is inserted.

e When no dummy cycle is inserted (0 wait state)

soctk o/ / ./ \_/

A23 10 AD X X
csm /
Csn \ /

RD /T \ VA

e  When a single dummy cycle is inserted (0 wait state)

<—Dummy—!
SDCLK _\_;/ \ i/ \ / \ / \
A23 to AD )( . X

CSm /
csn \ /
™ / \ —
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(6) Timing adjustment function for control signals

This function allows for the timing adjustment of the rising and falling edges of the
CSn, CSZx ,CSXx , R/W,RD , WRxx , SRWR and SRxxB signals based on the setup and hold

time requirements of memories.

As for the CSn, CSZx ,CSXx and R/W signals, and also for the WRxx, SRWR and SRxxB

signals (generated in a write cycle), their timing can be adjusted for only one CS space. As
for the RD and SRxxB signals (generated in a read cycle), their timing can be adjusted

individually for each of all CS spaces. As for the CS and EX spaces for which the timing
adjustment is not performed, the buses connected to them operate with basic bus timing.

(Refer to (7).)

This function can not be used while the BhnCSH<BnREC> bit 1s enabled.

The control signals of SDRAM can be adjusted by setting up the SDRAM controller.

CSTMGCR<TXXSEL1:TXXSELO>, WRTMGCR<TXXSEL1:TXxXSELO>

00

Change the bus timing for CS0.space

01

Change the bus timing for CS1 space

10

Change the bus timing for CS2 space

11

Change the bus timing for CS3 space

CSTMGCR<TACL1.TACO>

00

TAC = 0 x 1/fgys (Default)

01

TAC = 1 x'1/fgys

10

TAC =2/x 1ligys

11

Reserved

TAC:The delay from A23-A0 to CSn,; CSZx; CSXX, R/W.

WRTMGCR<TCWS/H1. TCWS/HO>

00

TCWS/H = 0.5 x 1/fsys (Default)

01

TCWS/H = 1.5 x 1ffgys

10

TCWS/H = 2.5 x 1ffgys

11

TCWS/H = 3.5 x 1/fgys

TCWS:The’'delay from CSn-to. WRxx,SRWR,SRxxB-
TCWH:The delay from WRxx,SRWR,SRxxB to.CSn.

RDTMGCRO0/1<BnTCRH1:BnTCRHO>

00

TCRH = 0 x 1/fgyg (Default)

01

TCRH =1 x 1/fgys

10

TCRH =2 x 1/fgys

11

TCRH = 3 x 1/fgys

TCRH:The delay from RD,SRxxB to CSn.
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RDTMGCRO0/1<BnTCRS1:BnTCRS0>
00 TCRS = 0.5 x 1/fsys (Default)
01 TCRS = 1.5 x 1ffsys
10 TCRS = 2.5 x 1/fgys
11 TCRS = 3.5 x 1/fgys
TCRS:The delay from CSn to RD,SRxxB.
T1 T2 T3 ™ Tn-2 Tn-1 n
SDCLK \ \ / \ / \ \ /
(80MHz)
A23 to A0
C_S*n TAC
Riw TAC
" RD
Read SRxxB TCRS = RO
cycle | p15to DO \/Input )
~
-
WRXxx
Write SRWR TCWE | TCWH
cycle | SrxxB B
D15 to DO \Qutplit Outpyit —
\ TCW§E

Notel: Wait states (TWs) are inserted as specified by the BnCSL register. No TW is inserted if the number of wait

state is specified as'zero.

Note2: Aboye diagram shows case of 16-bit bus access.
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(7) Basic bus timing

(a) External bus read/write cycle (0 wait state)

Read
Write

A23 to AO

RD, SRxxB
D15 to DO
SRWR , SRxxB

Note: Above diagram shows case of 16-bit bus access.

(b) External bus read/write cycle (1 wait state)

o =
_ [ _
|u||_V||V|A||—V|| >y -4---- |||-R_V||
_Muw—
o
£
N
Jf "R ER S PR i g O N ) S
3
3
D3-S I I DAV AP SRR NP SN Mo SR
T
A~ _  ___ L\ 1 _ i __X___
T
N -—N--V.A-- U IUNDR SUPINS IPNRIRIRI S
o
x
o &
= 2 28 /° 2
%< s 2 o Mg/l 2
Q c - X
2o _s Q 2 ot & g 9
ne o < o o) 0 &)

Note: Above diagram shows case of 16-bit bus access.
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(¢) External bus read cycle
(1 wait state + TAC: 1x1/fsys + TCRS: 1.5x1/fsys + TCRH: 1 x1/fsys)

External bus write cycle (1 wait state + TAC: 1x1/fsys + TCWS/H: 1.5x1/fsys)

T1 T2 T3 T4 T5 T6
SDCLK
80 MHz) —Y \_/ / \_/ \_/ /
csn TAC
TAC
A23 to A0
RD SRxxB
TCRS TcRA Read
D15 to DO (inpul)
SRWR , SRxxB
rcws TCWH
WRxx Write
rcws TCWH
D15 to DO Outgut
(d External bus read/write cycle (4 wait states + WAIT pin input mode)
T1 T2 T3 T4 T5 T6
SDCLK I / / /
(80 MHz) \_ \_ \_/ \_/ \_/
csn
A23 to A0
RD SRxxB
Read
D15 to DO ,‘.nput}
SRWR , SRxxB \ /|
WRXX \ / Write
D15 to.DO .( outgut
WAIT l \
ﬂk
Sampling
Note: Above diagram shows case of 16-bit bus access.
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(e) External bus read/write cycle (4 wait states + WAIT pin input mode)

T1 T2 T3 T4 T5 T™W T6
GOy \ 20 N2 .4 \ \
A23 t0 AO i\
RD SRxxB n
SS Read
D15 to DO ()() ,W}
SRWR , SRxxB ]
% _
WRxxX & Write
D15 to DO ( Outpit \\ B
WAIT \ |« \
W A
Sampling Sampling

Note: Above diagram shows case of 16-bit bus access.

() External bus read cycle (4 wait states + WAIT pin input mode +TAC: 1x1/fsys
+ TCRS: 1.5x1/fsys + TCRH: 1x1/fsys)
External bus write cycle
(4 wait states + WAIT pin input mode +TAC: 1x1/fsys + TCWS/H: 1.5x1/fsys)

T1 T2 T3 T4~T7 TW T8 T9 T10
SDCLK
(80 MHz2) \ /
= ss
A23to AO \\ X
RD SRxxB &g ]
M Read
D15 to DO ()() /mm]>
SRWR , SRxxB (« ]
Wi = ({ Write
TEWS D) — _
WAIT VOSSN
U 4
Sampling Sampling

Note: Above diagram shows case of 16-bit bus access.
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(8) External memory connections
Figure 3.9.4 shows an example of how to connect external 16-bit SRAM and 16-bit NOR

flash to the TMP92CF29A.
16-bit SRAM
RD OE
SRLLB LDS
SRLUB uDS
SRWR RIW
Cso CE
D [15:0] [emmmmer /0 [16:1]
A0 [—
Al A0
A2 Al
A3 A2
1 1 1
1 1 1
16-bit NOR flash
LI OE
L5 WE
cs2 CE
DQ[15:0]
A0
Al
A2
1
1

Figure 3.9.4 Example of External 16-Bit SRAM and NOR Flash Connection
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3.9.4  Controlling the Page Mode Access to ROM

This section describes page mode access operations to ROM and the required register settings.
The page mode operation to ROM is specified by PMEMCR.

(1) Operations and register settings

The TMP92CF29A supports page mode accesses to ROM. Only the CS2 space can be
configured for this mode of access. The page mode operation to ROM is specified by the
Page ROM Control register, PMEMCR.

Setting the PMEMCR<OPGE> bit to 1 sets the mode of memory access to the CS2 space
to page mode.

The number of cycles required for a read cyele is specified by the
PMEMCR<OPWR1:0PWRO0> bits.

PMEMCR<OPWR1:0PWRO0>

<OPWR1> | <OPWRO0> Number of Cycles in Page Mode
0 0 1 cycle (n-1-1-1'mode) (n 2 2)
0 1 2 cycles (n-2-2-2.maode) (n 2 3)
1 0 3 cycles/(n-3-3-3 mode) (n = 4)
1 1 4 cycles (n-4-4-4'mode) (n 2 5)

Note: Specify the number of wait states (n) using the control register (BnCSL) for each address space.

The page size (the number of bytes) of ROM as seen from the CPU is determined by
PMEMCR<PR1:PR0O>. When the specified page boundaryis reached, the controller
terminates the page read operation. The first data of the next page is read in the normal
mode. Then, the following data is read again in page mode.

PMEMCR<PR1:PRO>

<PR1> <PRO> ROM Page Size
0 0 64 bytes
0 1 32 bytes
1 0 16 bytes (Default)
1 1 8 bytes
1 1 1 1 1 1 [ 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
SDCLK | TN NYNYYNYNYS NS N YN
1 1 (] 1 1 1 1 1
] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ]
NN AL U ) 2 A T e S S A
1 ] 1 1 1 ] 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 ] 1 1 1 1 1 1 1 1 1 1 1 1 1
e P S ST N S N ST JUN S S Sy
AO~A23 IBEEEERE R R R
X \ \ ) \ \ | \ \ \ | I \ | \ \ \ —
1 1 1 1 1 1 [ 1 1 1 [ 1 1 1 [ 1 1 1 1
1 1 ] 1 1 1 [ 1 1 1 [ 1 1 1 [ 1 1 1 \y—
N I N
] T T T T T T T T T T T T T T It
d—— taps ———f | [l tape o | [l tabe o | [ tape o | e
- T I'\-\I 1 1 1 ] 1 1 1 ] 1 1 1 ] 1 1 1 iy
SR AN N T N e
1 I T T T T T T T T T T T T T T T T ItHR
i T RD3 —— | fe—tAa | | | —of— tHA | Vole— tHA ] | —jle—
! ! & put . 1 put ! & put & put
DO-D15 ! o ey ) LT )
! ! ' 1 A '
1 1 1 1 1
! ! ] ] ! ]

Figure 3.9.5 Page Mode Access Timing (when using a 8-byte page size)
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3.9.5 On-Chip ROM Control

This section describes the on-chip ROM.
(1) BOOT mode
The TMP92CF29A boots in BOOT mode following the AM1 and AMO settings upon

reset.
AM1 AMO Start mode
0 0 Don't use this setting
0 1 Boots from external memory using a 16-bit data bus
1 0 Don't use this setting
1 1 Boots from the on-chip Boot ROM (32-bit on-chip MROM)

(2) Memory map of the On-Chip ROM

The On-Chip ROM consists of 8-Kbyte masked ROM and is located in the memory area
from 3FEOOOH to SFFFFFH.

000000H
On-ChipA/O-, RAM
04A000H
3FEOOOH
On=Chip.Boot ROM
(8- Kbytes)
BFFFOOH f-o= s mmm e m oo o - -
(B) Reset/Interrupt
400000H Vector area
(256 bytes)
FRFFOOH o -\ - (A) Reset/Interrupt
Vector area

(256 bytes)

(3) Reset/interrupt address select circuitry

The reset/interrupt vector area is located in the memory area from FFFFOOH to
FFFFEFH (area (A)) in the TLCS-900/H1.

Since the boot ROM is located in the different area, the TMP92CF29A supports
reset/interrupt vector address select circuitry.

In BOOT mode, the reset/interrupt vector area is located in the memory area from
3FFFOOH to 3FFFEFH (area (B)). By clearing the BROMCR<VACE> bit to 0 after the
boot sequence, the vector area can be remapped to the area (A). Therefore, the area (A)
can be used only for the system routine.

This BROMCR<VACE> bit is initialized to 1 in BOOT mode. In any other start mode,
this register has no effect.

Note: Since the last 16-byte area (FFFFFOH to FFFFFFH) is reserved for an emulator, this area is not remapped by
clearing the BROMCR<VACE> bit.

92CF29A-201 2009-06-11



TOSHIBA

TMP92CF29A

(4) Bypassing boot ROM

The application system program may continue to run without asserting a reset signal
even after completing the boot sequence in BOOT mode. In this case, the external memory
area from 3FEOOOH to 3FFFFFH can not be accessed because the boot ROM already
resides in the same area.

To avoid such a situation, the on-chip boot ROM can be bypassed by setting the
BROMCR<ROMLESS> bit to 1.

This BROMCR<ROMLESS> bit is initialized to 0 in BOOT mode, while it is initialized
to 1 in other start modes.

If this bit has been set to 1, writing a 0 to this bit4s prohibited.

7 6 5 4 3 2 1 0
BROMCR |Bit Symbol CSDIS ROMLESS VACE
(016CH)  |Read/Write RIW
Reset State 1 0/1 (note) 1/0 (note)
Function Nand_Flash |Boot ROM~ |[Vector
area 0:Use address
CS output _[1:-Bypass conversion
0: Enable 0: Disable
1: Disable 1: Enable

Note: Reset states differ depending on start modes.
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3.9.6 Notes

(1) Timing for the CS and RD signals

If the load capacitance of the RD (Read) signal line is greater than that of the CS (Chip
Select) signal line, the deassertion timing of the read signal is delayed, which may lead to
an unintentional extension of a read cycle. Such an unintended read cycle extension,
which is indicated as (a) in Figure 3.9.6, may cause a problem.

spetk - TN/ N/ \/ \
A23 to AO X X

csm / \
csn N\ Sl

C S

—>

@

Figure 3.9.6 Read Cycle of When/the Read Signal is Delayed

Example: When using an externally connected NOR flash-whose commands are compatible with the standard
JEDEC commands, the toggle bit may not be read.correctly. If the rising edge of the read signal in the cycle
immediately preceding the NOR flash ‘access.cycle does not occur in time, a read cycle may be extended

unintentilnally as indicated as (b) in Figure 3.9.7.

Memory-access Toggle bit RD cycle

SDCLK

@0MHz) /. —\

A23 to AO

A/ \

NOR flash
chip select

ol

RD

LN S

T O

g8

Toggle bit

(b)
Figure 3.9.7 NOR Flash Toggle Bit Read Cycle

When the toggle bit is inverted due to this unexpected read cycle extension, the CPU
cannot read the'toggle bit'properly and it always reads the same value from the toggle bit.

To avoid this situation, it is recommended to perform data polling or to use the timing
adjustment function for the rising edge of the RD signal (RDTMGCRn
<BnTCRH1:BnTCRHO0>).
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(2) Setting up the NAND flash area

Figure 3.9.8 shows a memory map for the NAND flash memory.

Since it is recommended that the CS3 space be located in the memory area from
000000H to SFFFFFH, the following description is provided for such condition.In this case,
the NAND flash area overlaps with the CS3 space. However, the CS3 pin is not asserted
by setting the BROMCR<CSDIS> bit to 1. Likewise, the ‘CS0 through CS3 pins, the
CSXA through CSXB pins and the CSZA through CSZD pins are not asserted either.

Note 1: In the above setting, 296 Kbytes out of the memory area for the CS3 (000000H to 049FFFH) cannot be used.
Note 2: The 16-byte area (001FFOH to 001FFFH) is predefined asNAND Flash-area as.shown below regardless of

which CS space is selected. Therefore, the setting of the CS3 space doesnot affect the NAND flash area.
(NAND-Flash area specification)

1. Buswidth : Specified by NDFMCR1<BUSW> in the NAND Flash controller.

2. Wait control : Specified by NDFMCR<SPLW1:SPLWO0> and-NDFMCR<SPHW1:SPHWO0>.in
the NAND Flash controller

000000H
Internal I/0
001FFOH —
NAND flash All'CS pins become to unactibe
(16 bytes) by BROMCR<CSDIS> ="1”
002000H Iy —
Internal RAM
(128Kbytes)
021FFFH
046000H
Internal Back UP RAM
(16 Kbytes)
04A000H
COMMON X
(2 Mbytes)
CS3 area setting
200000H === -o==mmmomoms oo 000000H to 3FFFFFH (4 Mbytes)
LOCAL X
(2 Mbytes)
400000H f - === - mmmmemeoo oo

Figure 3.9.8 Recommended CS3 Space Assignment
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(3) Setting up the NAND flash area

In case of using SDRAM (SDCS) and NAND flash together, the BROMCR<CSDIS> bit
cannot be used. This section provides an example of such cases.

It is recommended that the memory area from 000000H to 3FFFFFH be assigned to the
CS2 or CS1 (SDCS) space. A detailed description is provided below.

In this case, the NAND flash area overlaps with the CS2 or CS1 (SDCS) space.

So, if a program accesses NAND flash, the CS2 or CS1 space 'and NAND flash space are
accessed at the same time, which leads to problems such asa data conflict.

To avoid this, it is recommended that the 32-Kbyte memory area from 000000H to
007FFFH be assigned to the CS0 space. (The CSO0 pin is not required.)

Since the CSO setting has higher priority over the settingsof the CS2 and CS1 spaces,

only NAND flash will be accessed without causing data conflicts.

000000H

001FFOH

002000H

021FFFH

046000H

04A000H

200000H

400000H

Note: In this case, the 32-Kbyte memory area from 000000H to 007FFFH within the SDCS space-cannot be used.

Internal 110

NAND flash
(16 bytes)

Internal RAM
(128 Kbytes)

Internal Back UP RAM
(16 Kbytes)

COMMON X
(2 Mbytes)

LOCAL X
(2 Mbytes)

CSO0 area setting 000000H to
007FFFH (32 Kbytes)

SDCS: CS2 or CS1 area setting
000000H to 3FFFFFH (4 Mbytes)

Figure 3.9.9 Recommended Assignment for the SDCS and CSO Spaces
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3.10 External Memory Extension (MMU)

The MMU allows for memory expansion by providing three local memory areas, the MMU
function allows for the expansion of the program/data area to 2.1Gbytes.

For recommended address memory maps, refer to Figure 3.10.1.

However, when the amount of memory being used is less than 16 Mbytes, it is not necessary
to configure the MMU register. For such cases, please refer to the section on the Memory
controller.

A memory area which can be configured into banks is called the LOCAL area. The address
range assigned to the LOCAL area is predefined and cannot be changed.

And the rest of the memory area is called the COMMON area.

Basically, a series of program routines should be stored entirely within one bank. The

program execution cannot be branched between different banks of'the same LOCAL area using
the JP instruction. For more details, refer to the following programming examples.

The TMP92CF29A has the following external pins for connecting external memory.

e Address bus: EA28, EA27, EA26, EA25, EA24 and A23 to A0
e Chip Select: CS0toCS3, CSXA toCSXB, CSZA toCSXD, SDCS,NDOCE and NDICE
e Data bus: D15 to DO

Note: This device is a subset microcontroller of 900H1 series microcontroller: TMP92CZ26AXBG and
TMP92CF26A. The total memory size of this device was cut from 3.1GByte to 2.1G byte because number of
pins was cut, and BANK of Z-area was cut from 512 banks to 256 banks.

3.10.1 Recommended Memory Map

Figure 3.10.1 shows one of recommended address memory maps. This is an example of when
memory is expanded tothe maximum size.
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NDOCE pin (512 MB)

Memory controller

setting

Address memory map , . ﬂ
SOt NDICE pin (512 MB)
A R e _
i —
CSXA pin CcsxB pin
COMMON-X 512 MB (2,MB x 256 512 MB (2 MB x 256
(2 MB) L\ ) (A :
---------- 3 - N — 2\ ] CS3-space
200000H 4 MB
LOCALX Bank0 [1 |2 |3 15 255|256+ |511
(2 MB) & l
400000H
LOCAL-Y Bank0 |1 |2 |3 15 63
(2 MB) an
__________ i o e e __lcs1-space
600000H ~— —— X 4 MB
COMMON-Y N
2 MB SDCS : 64 MB (when connecting SDRAM: 2MB % 32) (Note 2)
( ) or CSl1pin: 128MB (2MB x-64)
___________ - e - L= ~Y_
800000H +
LOCAL-Z Banko |1 |2 |3 |- - +f27|128|+ - - |255 |84l - o511
(4 MB)
___________ - - AVA4 _ CS2-space
CO0000H ~ —~ BN — TS| swms
COMMON.Z CSZA pin (Note 1) Cannot access . . . Cszb pin
i 512 MB (4 MB x 128)
(4 MB)
e [E: On-chip memory area
FEFFFEH Vector area |:|: Memory area overlapping with COMMON-area, which cannot be configuyed as LOCAL-area.

Notel: CSZA' is a chip-select signal for not only bank 0 through bank 127 of the LOCAL-Z area, but also for the

COMMON-Z area.

Note2: In case of connecting SDRAM to the Y-area, the maximum expanded memory size is 64 MB (2 MB x 32).

Figure 3.10.1 Recommended Memory Map for the Maximum Expansion (Logical address)
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92CF29A

LOCAL-X

CSXA to CSXB,

EA24 to EA28

512 MB x 2 = 1024 MB

On-chip I/0O and
on-chip RAM

LOCAL-Y

SDCS or CS1
64 MB (Note)

LOCAL-Z

CSZA to cszD,
EA24 to EA28
512 MB x 2 = 1024 MB

In TMP92CF29A, there are not it
on the external that chip select
pins for from 256 to 383 Banks of
local Z-area. Therefore, its area

cannot be accessed.

(Don't use 256~383 Banks.)

CSXA CSZA CSzZD
Bank 0 Bank 0
" Bank 0 Bank 384
1
| |
: v I I
| |
1 Bank 63 I |
1 v v
|
|
1
4
Bank.127 Bank 511
Bank 255
CSXB
Bank256
Bank256
|
|
1 [
1 [
|
" ¥
1
1
1
4
Bank 511
383

Note: In case of connecting SDRAM to the Y-area, the maximum expanded memory size is 64MB (2MBx32).

Figure 3.10.2 Recommended Memory Map for the Maximum Expansion (Physical address)
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3.10.2 Control registers

The TMP92CF29A MMU has 24 registers. These registers are used for storing eight types of
data (program, read data, write data, LCD-display data, source data for DMA channels of
odd/even number, destination-data for DMA channels of odd/even number) for each of
three-LOCAL areas (LOCAL-X through LOCAL-Z). These registers allow for easy data access.

(How to use the control registers)

First, load the control registers for each LOCAL area with the desired bank number and
enable/disable the specified bank. Then, configure the external pins to be used and also the
Memory Controller. Then, when the CPU or LCDC accesses a logical address in the LOCAL
area, the MMU translates the logical address to the corresponding physical address
according to the programmed bank configuration. The physical address is then placed on
the external address bus pin, which enables external memory accesses. Thus, even when a
program accesses the same logical address, its physical address changes'depending on the
bank specified by the program bank register. This enables memory accesses to the different

memory banks.

Notel: When programming the bank registers, the bankarea that is overlapping with-the COMMON area must not be
specified ( because addresses of those areas are converted to the same physical-addresses).

Note2: In the LOCAL area, changing Program bank number (LOCALPX, Y or Z).is disabled. Program bank setting of
each LOCAL area must change in COMMON area. (But bank| setting:of data-Read, data-Write and
LCDC-display data can change also/in LOCAL area.)

Note3: After setting values specifying the data bank number into bank registers for the read, write, DMA and LCD
display data (LOCALRnN, LOCALWnN or LOCALLN, LOCALESN, LOCALEDnN, LOCALOSN, LOCALODnN; the
symbol “n” indicates X, Y or Z), the specified bank requires a certain'setup time to be enabled. Thus, the bank
cannot be accessed by an instructionimmediately following the register setting instructions. In this case, insert

a dummy instruction which accesses SFR or another memory area as shown in the following example.

(Example)
Id Xix, 200000h ;
ldw (localrx),/8001h ;  Specify the read-data bank number
ldw wa, (localrx) ;< Inserted dummy instruction which accesses SFR
ldw wa, (Xix) ;instruction which reads bank 1 of the LOCAL-X area.

Noted: When the LOCAL-Z area is used, pin P82 should be assigned as the chip select signal CSzA . In this case,
CSzA works as the chip select signal for-the bank 0 through the bank 15, and also for the COMMON-Z area.

After reset, pin P82 should be properly configured following the procedure below.

ldw (localpz), 8000h ; Enable the banks in LOCAL-Z for program

ldw (localrz),-8000h ; Enable the banks in LOCAL-Z for read data

ldw (localwz), 8000h ; Enable the banks in LOCAL-Z for write data (*1)

ldw (locallz), 8000h ; Enable the banks in LOCAL-Z for LCD display memory
(*2) L

Id (P8FC), -- - - _o - - ; Assign P82 as the CSZA output

Id (PSFC2), - - - - -1 - -B;

(*1) This setting is not required if the COMMON-Z area is not used to store write data.
(*2) This setting is not required if the COMMON-Z area is not used to store display data for LCD.
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3.10.2.1 Program bank registers

These registers should be loaded with bank number values to specify the bank to be used
as program memory. As described above, the program execution cannot be directly
branched to a different bank in the same LOCAL area. The bank switching within the same

7 6 5 4 3 2 1 0
LOCALPX] Bit Symbol X7 X6 X5 X4 X3 X2 X1 X0
(0880H) | Read/Write R/W
Reset State o | o [ o | o ] o[ o ] o | o
Function Specify the bank number for the LOCAL-X-area
(Since bank 0 is overlapping with the COMMON area, this filed must not be specified as 0.)
15 14 13 12 11 10 9 8
(0881H) | Bit Symbol LXE X8
Read/Write R/W R/W
Reset State 0 0
Function Bank for Specify the bank’ number for the LOCAL-X area
LOCAL-X Settings of the X8 through X0-bits-and their corresponding-chip select signals
0: Disable 000000000 to 011111111 CSXA
1: Enable 100000000 to 111111111 CSXB
LOCAL-Y Register for Program
7 6 5 4 3 2 1 0
LOCALPY|] Bit Symbol Y5 Y4 Y3 Y2 Y1l YO
(0882H) | Read/Write R/W
Reset State 0 | 0 | 0 | 0 | 0 | 0
Function Specify the banknumber for the LOCAL-Y area
(Since bank 3 is overlapping with-the COMMON area, this filed must not be
specified as 3.)
15 14 13 12 11 10 9 8
(0883H) | Bit Symbol LYE
Read/Write R/W
Reset State 0
Function Bank for
LOCAL-Y
0: Disable
1: Enable
LOCAL-Z Register for Program
7 6 5 4 3 2 1 0
LOCALPZ | Bit Symbol z7 Z6 z5 z4 Z3 z2 z1 Z0
(0884H) | Read/Write RIW
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Function Specify the bank number for the LOCAL-Z area (Since bank 3 is overlapping with the COMMON area, this
filed must not be specified as 3.)
15 14 13 12 11 10 9 8
(0885H) | Bit Symbol LZE Z8
Read/Write R/W R/IW
Reset State 0 0
Function Bank for Specify the bank number for the LOCAL-Z area
LOCAL-Z Settings of the X8 through X0 bits and their corresponding chip select signals
0: Disable 000000000 to 001111111 CSZA 100000000 to 101111111 Setting prohibited
1-Enable | 410000000 t0 011111111 Setting prohibited 110000000 to 111111111 CSZD

LOCAL area is prohibited.

LOCAL-X Register for Program
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3.10.2.2 LCD Display Data Bank Registers

These registers should be loaded with bank number values to specify the bank to be used
as LCD display data memory. Since the data bank registers for CPU and LCDC are
prepared independently, the banks that are accessed by the CPU (for program, read and

7 6 5 4 3 2 1 0
LOCALLX |Bit Symbol X7 X6 X5 X4 X3 X2 X1 X0
(0888H) | Read/Write R/W
Reset State o | o [ o | o ] o[ o ] o | o
Function Specify the bank number for the LOCAL-X area (Since bank 0 is-overlapping with the COMMON area, this
filed must not be specified as 0.)
15 14 13 12 11 10 9 8
(0889H) Bit Symbol LXE X8
Read/Write R/W R/W
Reset State 0 0
Function Bank for Specify the bank’ number for the LOCAL-X area
LOCAL-X Settings of the X8 through X0-bits-and their corresponding-chip select signals
0: Disable 000000000 to 011111111 CSXA
1: Enable 100000000 to 111111111 CSXB
LOCAL-Y Register.for LCD Data
7 6 5 4 3 2 1 0
LOCALLY |Bit Symbol Y5 Y4 Y3 Y2 Y1 YO
(088AH) | Read/Write RIW
Reset State 0 | 0 | 0 | 0 | 0 | 0
Function Specify the bank number for the LOCAL-Y area
(Since bank 3 is overlapping with-the COMMON area, this filed must not be
specified as 3.)
15 14 13 12 11 10 9 8
(088BH) | Bit Symbol LYE
Read/Write R/W
Reset State 0
Function Bank for
LOCAL-Y
0: Disable
1: Enable
LOCAL-Z Register for LCD Data
7 6 5 4 3 2 1 0
LOCALLZ. | Bit Symbol Z7 76 Z5 Z4 Z3 Z2 Z1 Z0
(088CH) | Read/Write RIW
Reset State 0 | o ] o | o | o | o | o | 0
Function Specify the bank number for the LOCAL-Z area
(Since bank 3 is overlapping with the COMMON area, this filed must not be specified as 3.)
15 14 13 12 11 10 9 8
(088DH) | Bit Symbol LZE Z8
Read/Write R/W R/W
Reset State 0 0
Function Bank for Specify the bank number for the LOCAL-Z area
LOCAL-Z Settings of the X8 through X0 bits and their corresponding chip select signals
0: Disable 000000000 to 001111111 CSZA 100000000 to 101111111 Setting prohibited
1: Enable 010000000 to 011111111 Setting prohibited 110000000 to 111111111 CSZD

write data) can be switched while the LCD display is on.

LOCAL-X Register for LCD Data
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3.10.2.3 Read-Data Bank Registers

These registers should be loaded with bank number values to specify the banks to be
used as read-data memory. The following example shows how to specify bank 1 for storing
read data in the LOCAL-X area. The instruction, “ldw wa, (xix),”reads the data from the
memory location at the address xix and stores it into the wa register of the CPU. When
loading the address xix into the read-data bank register, the bank is only enabled upon a
data (operand) read operation for the memory location at the address xix.

(Example)
Id xix, 200000h ;
Id (localrx), 8001h ;  Specify the read-data-bank number.
Idw wa, (localrx) ; <« Insert a'dummy instruction that accesses SFR
Idw wa, (Xix) ;  Read bank 1 of the LOCAL-X area
LOCAL-X Register for Read Data
7 6 5 4 3 2 1 0
LOCALRX |Bit Symbol X7 X6 X5 X4 X3 X2 X1 X0
(0890H) Read/Write RIW
Reset State 0 [ o | o | o ] 0 | o | 0o | 0
Function Specify the bank-number for the LOCAL-X area
(Since bank 0 is overlapping with the COMMON area, this filed must not be specified as 0.)
15 14 13 12 11 10 9 8
(0891H) Bit Symbol LXE X8
Read/Write R/W R/W
Reset State 0 0
Function Bank for Specify the bank-number for the LOCAL-X area
LOCAL-X Settings of the X8 through X0'bits and their corresponding chip select signals
0: Disable 000000000to 011111111 CSXA
1: Enable 100000000 to 111111111 CSXB
LOCAL-Y Register for Read Data
7 6 5 4 3 2 1 0
LOCALRY | Bit Symbol Y5 Y4 Y3 Y2 Y1l YO
(0892H) Read/Write R/W
Reset State o | 0. | o | o | o | 0
Function Specify the bank number for the LOCAL-Y area
(Since bank 3'is overlapping with the COMMON area, this filed must not be
specified as 3.)
15 14 13 12 11 10 9 8
(0893H) Bit Symbol LYE
Read/Write R/W
Reset State 0
Function Bank for
LOCAL-Y
0: Disable
1: Enable
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LOCAL-Z Register for Read Data
7 6 5 4 3 2 1 0
LOCALRZ |Bit Symbol Y44 76 Z5 Z4 Z3 Z2 Z1 Z0
(0894H) Read/Write RIW
Reset State 0 [ o | o | 0o | o | o | o | 0
Function Specify the bank number for the LOCAL-Z area (Since bank 3 is overlapping with the COMMON area, this
filed must not be specified as 3.)
15 14 13 12 11 10 9 8
(0895H) Bit Symbol LZE Z8
Read/Write RIW R/IW
Reset State 0 0
Function Bank for Specify the bank number for the LOCAL-Z area
LOCAL-Z Settings of the X8 through X0 bits and their corresponding chip select signals
0: Disable 000000000 to 001111111 CSZA 100000000 to 101111111 Setting prohibited
1: Enable

010000000 to 011111111 Setting prohibited. 110000000 to 111111111 CSZD
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3.10.2.4 Write-Data Bank Registers

These registers should be loaded with bank number values to specify the banks to be

used as write data memory. The following example shows how to specify bank 1 for storing

write data in the LOCAL-X area. The instruction, “ldw (xix), wa,” writes the wa register

value of the CPU into the memory location at the address xix. When loading the address xix

into the read-data bank register, the bank is only enabled upon a data (operand) write

operation for the memory location at the address xix.

(Example)
Id xix, 200000h ;
Id (localwx), 8001h ;. Specify the write-data-bank number.
ldw wa, (localwx) ; <« Insert a dummy instruction that accesses SFR
ldw (xix), wa ; Write to bank 1-of the LOCAL-X area
LOCAL-X Register for Write Data
7 6 5 4 3 2 1 0
LOCALWX | Bit Symbol X7 X6 X5 X4 X3 X2 X1 X0
(0898H) Read/Write RIW
Reset State 0 [ o | o | o ] 0 | o | 0o | 0
Function Specify the bank-number for the LOCAL-X area
(Since bank 0 is overlapping with the COMMON area, this filed must not be specified as 0.)
15 14 13 12 11 10 9 8
(0899H) Bit Symbol LXE X8
Read/Write R/W R/W
Reset State 0 0
Function Bank for Specify the bank-number for the LOCAL-X area
LOCAL-X Settings of the X8 through X0'bits and their corresponding chip select signals
0: Disable 000000000-t0 011111111 CSXA
1: Enable 100000000 to 111111111 CSXB
LOCAL-Y Register for Write Data
7 6 5 4 3 2 1 0
LOCALWY | Bit Symbol Y5 Y4 Y3 Y2 Y1 YO
(089AH) Read/Write R/W
Reset State o |~ o | o ] o | o [ o
Function Specify the bank number for the LOCAL-Y area
(Since bank 3 is overlapping with the COMMON area, this filed must not be
specified as 3.)
15 14 13 12 11 10 9 8
(089BH) Bit Symbol LYE
Read/Write RIW
Reset State 0
Function Bank for
LOCAL-Y
0: Disable
1: Enable
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LOCAL-Z Register for Write Data
7 6 5 4 3 2 1 0
LOCALWZ | Bit Symbol Y44 76 Z5 Z4 Z3 z2 Z1 Z0
(089CH) Read/Write R/W
Reset State 0 | o | o | 0o | o | 0o | o | 0
Function Specify the bank number for the LOCAL-Z area
(Since bank 3 is overlapping with the COMMON area, this filed must not be specified as 3.)
15 14 13 12 11 10 9 8
(089DH) Bit Symbol LZE Z8
Read/Write R/W R/W
Reset State 0 0
Function Bank for Specify the bank number for the LOCAL-Z area
LOCAL-Z Settings of the X8 through X0 bits and their corresponding chip select signals
0: Disable 000000000 to 001111111 CSZA 100000000 to 101111111 Setting prohibited
1: Enable 010000000 to 011111111 Setting prohibited 110000000 to 111111111 CSZD
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3.10.2.5 DMA-Function Bank Registers

The TMP92CF29A supports not only the read and write operations of the CPU, but also
the high-speed data transfer by enabling the internal DMAC to become the bus master.
(Please refer to Section 3.7, “DMA Controller”.)

These registers are provided specially for the DMA operation, separately from the bank
registers for the CPU and LCDC. Regardless of the settings of the bank registers for
program, read and write data of the CPU, the banks to be used as source address memory
and destination address memory are specified individually during DMA operations.

The DMAC of the TMP92CF29A supports six channels;-and the bank control is
performed by dividing those channels into 2 groups. The/DMA channels with the
even-channel number, 0, 2 and 4, are classified into the E-group (ES and ED groups); while
the channels with the odd-channel number, 1 and 3, aré classified into the O-group (OS and
OD groups). These registers cannot specify bank numbers for each channel, but specifies
one bank number for all the channels in the same group.

The following example shows how to specify bank 1 for storing DMA-source addresses in
the LOCAL-X area, and also specify bank 2 for storing’ DMA-destination addresses in the
LOCAL-Y area. If the DMA operation for channel 0.is initiated Assume that the source and
destination addresses specified by the DMA operation, which is-described in Section 3.7,
are set into the LOCAL-X and LOCAL-Y areas; respectively. Then, if the DMA operation
for channel 0 is initiated, bank 1 in the LOCAL-X area is configured as the source address
memory, and bank 2 in the LOCAL-Y areais configured as the destination address memory.

(Example)
Idw (localesx),8001h ;  Specify DMA-source bank number for channel 0
ldw (localedy), 8002h ; Specify DMA-destination bank number for channel 0

DMA operation for channel 0.is started
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LOCAL-X Register for the E-group DMA Source

7 6 5 4 3 2 1 0
LOCALESX | Bit Symbol X7 X6 X5 X4 X3 X2 X1 X0
(08A0H) | Read/write RIW
Reset State o | o [ o [ o | o | o | o | o
Function Specify the bank number for the LOCAL-X area
(Since bank 0 is overlapping with the COMMON area, this filed must not be specified as 0.)
15 14 13 12 11 10 9 8
(08A1H) Bit Symbol LXE X8
Read/Write RIW R/IW
Reset State 0 0
Function Bank for Specify the bank number for the LOCAL-X area
LOCAL-X Settings of the X8 through X0 bits and their corresponding chip select signals
0: Disable 000000000 to 011111111 CSXA
1: Enable 100000000 to 111111111 CSXB

LOCAL-Y Register for the E-group‘DMA Source

7 6 5 4 3 2 1 0
LOCALESY | Bit Symbol Y5 Y4 Y3 Y2 Y1 YO
(08A2H) Read/Write R/W
Reset State o | o | o | 0o | o | 0
Function Specify the bank number for.the LOCAL-Y area

(Since bank 3.is overlapping with the COMMON area, this filed must not be
specified as 3.)

15 14 13 12 11 10 9 8
(08A3H) Bit Symbol LYE
Read/Write R/W
Reset State 0
Function Bank for
LOCAL-Y
0: Disable
1: Enable

LOCAL-Z Register for the E-group DMA Source

7 6 5 4 3 2 1 0
LOCALESZ | Bit Symbol Z7 76 Z5 Z4 Z3 Z2 Z1 Z0
(08A4H) Read/Write R/IW
Reset State 0 L o 0| 0o | o | 0o | o | 0
Function Specify the bank number for the LOCAL-Z area
(Since bank 3 is overlapping with the COMMON area, this filed must not be specified as 3)
15 14 13 12 11 10 9 8
(08A5H) Bit Symbol LZE Z8
Read/Write R/W R/W
Reset State 0 0
Function BANK for Specify the bank number for the LOCAL-Z area
LOCAL-Z Settings of the X8 through X0 bits and their corresponding chip select signals
0: Disable 000000000 to 001111111 CSZA 100000000 to 101111111 Setting prohibited
1: Enable 010000000 to 011111111 Setting prohibited 110000000 to 111111111 CSZD
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LOCAL-X Register for the E-group DMA Destination
7 6 5 4 3 2 1 0
LOCALEDX | Bit Symbol X7 X6 X5 X4 X3 X2 X1 X0
(08A8H) Read/Write RIW
Reset State 0 o [ o [ o | o | o | o | o
Function Specify the bank number for the LOCAL-X area
(Since bank 0 is overlapping with the COMMON area, this filed must not be specified as 0.)
15 14 13 12 11 10 9 8
(08A9H) Bit Symbol LXE X8
Read/Write RIW R/IW
Reset State 0 0
Function Bank for Specify the bank number for the LOCAL-X area
LOCAL-X Settings of the X8 through X0 bits and their corresponding chip select signals
0: Disable 000000000 to 011111111 CSXA
1: Enable 100000000 to 111111111 CSXB
LOCAL-Y Register for the E-group DMA Destination
7 6 5 4 3 2 1 0
LOCALEDY | Bit Symbol Y5 Y4 Y3 Y2 Y1 YO
(08AAH) Read/Write R/W
Reset o | o | o | o | o | 0
Function Specify the bank number forthe LOCAL-Y area
(Since bank 3.is-overlapping with the COMMON area, this filed must not be
specifiedas 3:)
15 14 13 12 11 10 9 8
(08ABH) Bit Symbol LYE
Read/Write R/W
Reset 0
Function Bank for
LOCAL-Y
0: Disable
1: Enable
LOCAL-Z Register for the E-group DMA Destination
7 6 5 4 3 2 1 0
LOCALEDZ | Bit Symbol Z7 76 Z5 Z4 Z3 Z2 Z1 Z0
(0BACH) Read/Write RIW
Reset State 0 o | o [ o | o | o | o | o
Function Specify-the bank number for the LOCAL-Z area
(Since bank 3 is overlapping with the COMMON area, this filed must not be specified as 3.)
15 14 13 12 11 10 9 8
(08ADH) Bit-Symbol LZE Z8
Read/Write R/W R/W
Reset State 0 0
Function Bank for Specify the bank number for the LOCAL-Z area
LOCAL-Z Settings of the X8 through X0 bits and their corresponding chip select signals
0: Disable | 000000000 to 001111111 CSZA 100000000 to 101111111 Setting prohibited
1: Enable

010000000 t0 011111111 Setting prohibited 110000000 t0 111111111 CSZD
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LOCAL-X Register for the O-group DMA Source
7 6 5 4 3 2 1 0
LOCALOSX | Bit Symbol X7 X6 X5 X4 X3 X2 X1 X0
(08BOH) Read/Write R/IW
Reset State o | o [ o | o ] o | o [ o | o
Function Specify the bank number for the LOCAL-X.area
(Since bank 0 is overlapping with the COMMON area, this filed must.not be specified as 0.)
15 14 13 12 11 10 9 8
(08B1H) Bit Symbol LXE X8
Read/Write R/W R/W
Reset State 0 0
Function Bank for Specify the bank number for-the LOCAL-X area
LOCAL-X Settings of the X8 through X0 bits and their corresponding chip select signals
0: Disable 000000000 to 011111111 CSXA
1: Enable 100000000 t0 111111111 CSXB
LOCAL-Y Register for the O-group DMA Source
7 6 5 4 3 2 1 0
LOCALOSY | Bit Symbol Y5 Y4 Y3 Y2 Y1l YO
(08B2H) Read/Write RIW
Reset State 0 | 0 | 0 | 0 | 0 | 0
Function Specify the bank number for the'/LOCAL-Y area
(Since bank 3-is overlapping with the . COMMON area, this filed must not be
specified'as 3.)
15 14 13 12 11 10 9 8
(08B3H) Bit Symbol LYE
Read/Write R/W
Reset State 0
Function Bank for
LOCAL-Y
0: Disable
1: Enable
LOCAL-Z Register for/therO-group DMA Source
7 6 5 4 3 2 1 0
LOCALOSZ | Bit Symbol Z7 Z6 Z5 Z4 Z3 Z2 Z1 Z0
(08B4H) Read/Write R/W
Reset State 0 [ o | 0o | 0o | o | o | o | 0
Function Specify the bank number for the LOCAL-Z area (Since bank 3 is overlapping with the COMMON area, this
filed must not be specified as 3.)
15 14 13 12 11 10 9 8
(08B5H) Bit Symbol LZE Z8
Read/Write R/W, R/W
Reset State 0 0
Function Bank for Specify the bank number for the LOCAL-Z area
LOCAL-Z Settings of the X8 through X0 bits and their corresponding chip select signals
0: Disable 000000000 to 001111111 CSZA 100000000 to 101111111 Setting prohibited
1: Enable 010000000 to 011111111 Setting prohibited 110000000 to 111111111 CSZD
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LOCAL-X Register for the O-group DMA Destination
7 6 5 4 3 2 1 0
LOCALODX | Bit Symbol X7 X6 X5 X4 X3 X2 X1 X0
(08B8H) Read/Write R/W
Reset State 0 | o | o | 0o | o | 0o | o | 0
Function Specify the bank number for the LOCAL-X area
(Since bank 0 is overlapping with the COMMON area, this filed must not be specified as 0.)
15 14 13 12 11 10 9 8
(08B9H) Bit Symbol LXE X8
Read/Write R/W R/W
Reset State 0 0
Function Bank for Specify the bank number for the LOCAL-X area
LOCAL-X Settings of the X8 through X0 bits and their. corresponding chip select signals
0: Disable 000000000 0011111111 CSXA
1: Enable 100000000 to 111111111 CSXB
LOCAL-Y Register for the O-group DMA Destination
7 6 5 4 3 2 1 0
LOCALODY | Bit Symbol Y5 Y4 Y3 Y2 Y1 YO
(08BAH) Read/Write R/W
Reset State o | o ] o | o | o | 0
Function Specify the bank number for the LOCAL-Y area
(Since bank 3.is overlapping with the COMMON area, this filed must not be
specified as 3:)
15 14 13 12 11 10 9 8
(08BBH) | Bit Symbol LYE
Read/Write R/W
Reset State 0
Function BANK for
LOCAL-Y
0: Disable
1: Enable
LOCAL=Z Register for the O-group DMA Destination
7 6 5 4 3 2 1 0
LOCALODZ | Bit Symbol z7 Z6 Z5 z4 Z3 z2 z1 Z0
(08BCH) Read/Write RIW
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Function Specify the bank number for the LOCAL-Z area
(Since bank 3is overlapping with the COMMON area, this filed must not be specified as 3.)
15 14 13 12 11 10 9 8
(08BDH). | Bit Symbol LZE z8
Read/Write R/W R/W
Reset State 0 0
Function Bank for Specify the bank number for the LOCAL-Z area
LOCAL-Z Settings of the X8 through X0 bits and their corresponding chip select signals
0: Disable 000000000 to 001111111 CSZA 100000000 to 101111111 Setting prohibited
1: Enable 010000000 to 011111111 Setting prohibited 110000000 to 111111111 CSZD
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3.10.3 Programming example

The conditions listed in this table apply the following programming examples.

. Logical Physical
No. Used as Memory Setting MMU area
address address
(a) Main NOR-Flash CSZA, COMMON-Z COO0000H to
Routine (16 MB, 1 pcs) 16 bit, FFFFFFH
(b) Character- 1 wait state Bank 0 in 800000H to 000000H to
ROM LOCAL-Z BFFFFFH 3FFFFFH
(c) Subroutine Csi ’ Bank 0 in 400000H to 000000H to
SRAM ) LOCAL-Y 5FRFFFH 1FFFFFH
(d) LCD (16 MB, 1 pcs) 16_ bit, Bank 1'in 200000H to
Display-RAM 0 wait state LOCAL-Y 3FFFFFH
(e) Stack- On-chip-RAM - Bank 2.in 002000H to
RAM (144KB) (32 bit, 2-1-1-1clk) LOCAL-Y 049FFFH
(a) Main Routine (COMMON-Z)
Logical | Physical | |nstruction .
Instruction Comment
Address | Address No.
1 org COOO00OH ;
C00000H <-(Same) 2 ldw  (mamr2),80FFH ; CS2 800000-FFFFFF/8MB
CO000xxH <- 3 ldw  (b2c¢slh), C122H ; €S2 16-bit ROM, 1 wait state
4 ldw (mamrl),40FFH ; €S1400000-7FFFFF/4AMB
5 ldw /(blcsl),-8111H ; CS1-16-bit RAM, 0 wait state
5.1 ldw__(localpz),8000H ; Enable LOCAL-Z bank for program
5.2 ldw (localrz),8000H ; Enable LOCAL-Z bank for read-data
Id-_ (p8fc), 02H /P81: Cs1
Id. —(psfc2), 04H : P82:
Id xsp,48000H ; Stack Pointer = 48000H
10 Idw (localpy),8000H ; Bank 0 in LOCAL-Y is configured as the
program bank for subroutines
11 ;
C000yyH <- 12 call /4000004 ; Call a subroutine
13
14
15 ;

o Theinstructions No.2 through No.8 configure external pins and the Memory Controller.

e The instruction No.9 specifies the stack pointer value. The stack pointer is herein
specified to point to the memory location in on-chip RAM.

o The-instruction No.10 configures the setting used for a subroutine call instruction of
No.12.

e The instruction No.12 calls a subroutine. When the CPU generates the address 400000H,
the MMU translates it to the physical address 000000H, which is then placed onto the

external address bus: A23 to A0. Since the logical address is within the address range of
the CS1 space, CS1 for SRAM is asserted at the same time. By using these instructions,

the program execution of the CPU can be branched to the subroutine.

Note: This example assumes that the subroutine program is already written into SRAM.
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(b) Subroutine (Bank 0 in LOCAL-Y)
Logical | Physical | Instruction )
Instruction Comment
address | address No.
16 org 400000H ,
400000H | 00000OH 17 ldw  (localwy),8001H ; Bank 1in LOCAL-Y is configured as
write-data. memory for LCD Display RAM
4000xxH | 0000xxH 18 ldw  (locally), 8001H ; Bank 1 in' LOCAL-Y is configured as LCD
display RAM
19 Idw (localrz), 8001H ; Bank 0 in LOCAL-Z is.configured as
read-data memory for Character-RAM
20 Id xiy,800000H ; Index address register for reading
Character-ROM
21 Id wa, (xiy) ; Read Character-ROM
22 : ;yConvert the read data to display-data
23 ld—Frocaey._82H ,
24 Id Xix, 400000H ; Index address register for writing LCD
Display data
25 Id (xix), bc ; Write LCD Display data
26 : ; Configure the LCD/Controller
27 : ;
28 Id xiz, 400000H ; Load the'LCD Start address into LCDC
29 Id (Isarcl), xiz ;
30 Id (Icdctl0),01H ; Start LCD Display operation
31 : ;
5000yyH 1000yyH 32 ret

The instructions No.17 and No.18 configure bank 1 of the LOCAL-Y area. In this case, the
CPU writes the LCD Display data to Display RAM, and the data is then read by the
LCDC. Thus, the LOCALWY and LOCALLY registers should be programmed to specify
the same bank, bank1.

The instruction No.19 configures Bank 0 of the LOCAL-Z area to read data from
character-ROM.

The instructions No.20 and No.21 are-used to read data from character-ROM. When the
CPU generates the-address, 800000H, the MMU translates it to the physical address
000000H, which-is then placed onto the external address bus: A23 to AO. Since the logical
address is within the address range of the CS2 space, CSzZA for NOR-Flash is asserted at
the same time. By using these instructions, the CPU can read data from character ROM.

The instruction No.23 switches the program bank in the LOCAL area. Since the program
bank switching within the same LOCAL area is prohibited, this is a bad example.

The instructions No.24 and No.25 are used to write data to SRAM. When the CPU
generates the address 400000H, the MMU translates it to the physical address 200000H,
which is then placed onto the external address bus: A23 to A0. Since the logical address is
within the address range of the CS1 space, CS1 for SRAM is asserted at the same time. By
using these instructions, the CPU can write data to SRAM.

The instructions No.28 and No.29 load the LCD starting address into the LCD Controller.
When the LCDC generates the address 400000H in a DMA cycle, the MMU translates it

to the physical address 200000H, which is then placed onto the external address bus: A23
to AQ. Since the logical address is within the address range of the CS1 space, CSL for
SRAM is asserted at the same time. By using these instructions, the LCDC can read data
from SRAM.

The instruction No.30 starts LCD display operation.
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3.11 SDRAM Controller (SDRAMC)
The TMP92CF29A incorporates an SDRAM controller (SDRAMC) for accessing SDRAM that
can be used as data memory, program memory, or display memory.
The SDRAMC has the following features:

(1) Supported SDRAM
Data rate type : SDR (single data rate) type only
Memory capacity :16/64 /128 /256 /512 Mbits
Number of banks : 2 banks/ 4 banks
Data bus width 116 bits
Read burst length : 1 word / full page

Write mode : Single mode / Burst mode

(2) Supported initialization sequence commands
Precharge All command

Eight Auto Refresh commands

Mode Register Set command

(3) Access mode

CPU Cycle HDMA Cycle LCDC Cycle
Burst length 1 word 1 word or full page selectable Full page
Addressing mode Sequential Sequential Sequential
CAS latency (clock) 2 2 2
Write mode Single Single or burst selectable
(4) Access cycles
e CPU access cycles
Read cycle { I word, 4-3-3-3 states (minimum)
Write cycle :Single, 3-2-2-2 states (minimum)
Data size *1byte /1 word /1 long-word
e  HDMA access cycles
Read cycle : 1 word, 4-3-3-3 states / full page, 4-1-1-1 states (minimum)
Write cycle : Single, 3-2-2-2 states (minimum) / burst, 2-1-1-1 states (minimum)
Data size :1byte/ 1 word / 1 long-word
e LLCDC access cycles
Read cycle . \Full page, 4-1-1-1 states (minimum)
Data size +. 1 word

(5) Auto generation of refresh cycles
o  Auto Refresh is performed while the SDRAM is not being accessed.
o  The Auto Refresh interval is programmable.
e The Self Refresh function is also supported.

Note: The SDRAM address area is determined by the CS1 or CS2 setting of the memory controller. However, the

number of bus cycle states is controlled by the SDRAMC.
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3.11.1 Control Registers
The SDRAMC has the following control registers.
SDRAM Access Control Register
7 6 5 4 3 2 1 0
SDACR Bit symbol SRDS — SMUXW1 | SMUXWO0 SPRE SMAC
(0250H) | Read/Write R/W R/W
Reset State 1 0 o | o 0 0
Function Read data | Always Address multiplex Read/Write SDRAM
shift write “0” type commands controller
function 00: Type A (A9-) 0: Without 0: Disable
0: Disable 01: Type B (A10-) auto 1: Enable
1: Enable 10: Type C (A11-) precharge
11: Reserved 1: With auto
precharge
SDRAM Command Interval Setting Register
7 6 5 4 3 2 1 0
SDCISR | Bit symbol STMRD STWR STRP STRCD STRC2 STRC1 STRCO
(0251H) | Read/Write RIW
Reset State 1 1 1 1 1 | 0 | 0
Function TMRD TWR TRP TRCD TRC
0:1CLK 0:1CLK 0:1CLK> |0:1CLK |000:'1CLK 100: 5 CLK
1:2 CLK 1:2 CLK 1:2CLK [1:2CLK-]|001: 2 CLK 101: 6 CLK
010: 3 CLK 110: 7 CLK
011: 4 CLK 111: 8 CLK
SDRAM Refresh Control Register
7 6 5 4 3 2 1 0
SDRCR | Bit symbol - SSAE SRS2 SRS1 SRS0 SRC
(0252H) | Read/Write RIW. R/W
Reset State 0 1 0 | 0 0 0
Function Always Self Refresh interval Auto
write.“0” Refresh™ | 000: 47 states  100: 468 states Refresh
auto exit | 001: 78 states  101: 624 states 0O:Disable
function  [010: 156 states 110: 936 states 1:Enable
O:Disable |011:312states 111: 1248 states
1:Enable
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SDRAM Command Register
7 6 5 4 3 2 1 0

sbcMM | Bit symbol scmM2 | scmmi | scmmo
(0253H) | Read/Write RIW
o | o | o

Reset State
Function

Command issue (Note 1) (Note 2)
000: Don’t care
001: Initialization sequence
a. Precharge All command
b Eight’/Auto Refresh commands
¢.’"Mode Register Set command
010: Precharge All command
100: Reserved
101: Self Refresh Entry command
110: Self Refresh Exit command
Others: Reserved

Note 1: <SCMM2:0> is automatically cleared to “000” after the specified-.command is issued. Before writing the next
command, make sure that <SCMM2:0> is “000". In the case of the Self Refresh Entry’ command, however,
<SCMMZ2:0> is not cleared to “000” by execution of this. command. Thus, this register can be used as a flag for
checking whether or not Self Refresh is being performed.

Note 2: The Self Refresh Exit command can only be specified while Self Refresh is being performed.

SDRAM HDMA Burst Length Select Register

7 6 5 4 3 2 1 0
SDBLS | Bit symbol SDBL5 SDBL4 SDBLS SDBL2 SDBL1 SDBLO
(0254H) | Read/Write RIW
Reset State 0 0 0 0 0 0
Function For For For For For For
HDMAS5 HDMA4 HDMA3 HDMA2 HDMA1 HDMAO

HDMA burst length
0: 1 Word read / Single write
1: Full page read / Burst write

Figure 3.11.1 Control Registers

92CF29A-225 2009-06-11



TOSHIBA TMP92CF29A

3.11.2 Operation Description

(1) Memory access control
The SDRAMC is enabled by setting SDACR<SMAC> to “1”.
When one of the bus masters (CPU, LCDC, DMAC) generates a cycle to access the SDRAM
address area, the SDRAMC outputs SDRAM control signals.

Figure 3.11.2 to Figure3.11.5 shows the timing for accessing the SDRAM. The number of
SDRAM access cycles is controlled by the SDRAMC and does not depend on the number of
waits controlled by the memory controller.

(a) Command issue function

The SDRAMC issues commands as specified by the SDCMM register. The SDRAMC also
issues commands automatically for each SDRAM access-cycle generated by each bus
master.

Table 3.11.1 shows the commands that are issued by the SDRAMC,

Table 3.11.1 Commands Issued by the SDRAMC

Command CKEn-1 | CKEn [SDxxDQM| “Al0 A::-(l)l SDCS (| SbRAS | SDCAS | SDWE
Bank Activate H H H RA RA L L H H
Precharge All H H H H X L L H L
Read H H L L CA L H L H
Read with Auto Precharge H H L H CA L H L H
Write H H L L CA L H L L
Write with Auto Precharge H H L H CA L H L L
Mode Register Set H H H L M L L L L
Burst Stop H H H X X L H H L
Auto Refresh H H H X X L L L H
Self Refresh Entry H L H X X L L L H
Self Refresh Exit L H H X X H H H H

Note 1:H = High level, L'= Low level, RA = Rowaddress, CA = Column address, M = Mode data, X = Don't care
Note2: CKEp = CKE level in the command-input cycle
CKEnp-1 =/ CKE level in a cycle immediately before the command input cycle
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(b) Address multiplex function

In access cycles, the A0 to Al5 pins output low/column multiplexed addresses. The
multiplex width is set by SDACR<SMUXW1:0>. Table 3.11.2 shows the relationship
between the multiplex width and low/column addresses.

Table 3.11.2 Address Multiplex

SDRAM Access Cycle Address
92CF29A Row Address
Pin Name Type A Type B Type C Column Address
<SMUXW> =00 | <SMUXW> =01 | <SMUXW> =10
A0 A9 A10 A1l Al
Al A10 A1l A12 A2
A2 A1l A12 A13 A3
A3 A12 A13 Al4 A4
A4 A13 Al4 A15 A5
A5 Al4 A15 A16 A6
A6 A15 Al6 A7 A7
A7 A16 AL7 A18 A8
A8 AL7 A18 A19 A9
A9 A18 A19 A20 AL0
A10 A19 A20 A21 AP *
A1l A20 A21 A22
A12 A21 A22 A23
A13 A22 A23 EA24 Row Address
Al4 A23 EA24 EA25
A15 EA24 EA25 EA26

*AP: Auto Precharge

(¢ Burst length

When the CPU accesses the SDRAM, the burst length is fixed to 1-word read/single write.
When the LCDC accesses the SDRAM; the burst length is fixed to full page.

The burst length can be selected for SDRAM read and write accesses by HDMA if the
following conditions are satisfied:

o/ The HDMA transfer mode is an increment mode.
e Transfers are made between the SDRAM and internal RAM or internal 1/0.

In other cases, HDMA operation can only be performed in 1-word read/single write mode.
Use SDBLS<SDBL5:0>to set the burst length for each HDMA channel.
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Figure 3.11.2 1-Word Read Cycle Timing
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Figure 3.11.3 Full-Page Read Cycle Timing
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Figure 3.11.4 Single Write Cycle Timing
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Figure3.11.5 Burst Write Cycle Timing
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(2) Execution of instructions on SDRAM

The CPU can execute instructions that are stored in the SDRAM. However, the following
operations cannot be performed.

a) Executing the HALT instruction
b) Changing the clock gear setting
¢) Changing the settings in the SDACR, SDCMM, and SDCISR registers

These operations, if needed, must be executed by branching to other memory such as
internal RAM.

(3) Command interval adjustment function

Command execution intervals can be adjusted for each command. This function enables the
SDRAM to be accessed at optimum cycles even if the operation frequency is changed by clock
gear.

Command intervals should be set in the SDCISR register according to the operating
frequency of the TMP92CF29A and the AC specifications of the SDRAM.

The SDCICR register must not be changed whilethe SDRAM‘is being accessed.

The timing waveforms for various cases are shown below.

(a) Mode Register Set command

SDCLK _/_\ /

Next
COMMAND NOP MRS NOR Conbonarid NOP

TMRD

*TMRD=2CLK (SDCISR<STMRD>= “1")
(b) Auto Refresh command

soclk /N / NV N

AUTO Next
COMMAND NOP [} AT - I\ NoP NOP NoP NoP X e

TRC]
*TRC=5CLK (SDCISR<STRC2:0>= “100")

(c) Self Refresh Exit

soeik N NN

SDCKE /
COMMAND XXX Nop NP NoP NP NoP I e
TR
1 *TRC=5CLK (SDCISR<STRC2:0>= “100")

Exit Self Refresh
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(d Precharge command

SDCLK _/_\ /

NOP PREQHARGE] NIOP Next NOP
COMMAND Conmmand

TRP

*TRP=2CLK (SDCISR<STRP>="1")

(e) Read cycle

SDCLK _/ / / /

COMMAND NOP AC[TIVE NOP READ NOP NOP NOP AC[TIVE
A15-A0 Rqw Address Qolumn Addrgss Non/MUX-gddress Raw Address
D15-D0 TRED X DIN

TRC

*TRCD=2CLK (SDCISR<STRCD>= “1")
*TRC=6CLK (SDCISR<STRC2:0>=“101")

(f) Write cycle

SDCLK / /N
COMMAND Nop AC[TIVE NOP WRITE NOP PRECHARG Nor AQTIVE
A15-A0 Rgw Address Qolumn Addrgss NonfMUX-gddress Rgw Address
D15-D0 X DOUT
TRCD TWR TRP
TRC

*TRCD=2CLK (SDCISR<STRCD>= “1")
*TWR=2CLK (SDCISR<STWR>= “1")
*TRP=2CLK (SDCISR<STRP>= “1")
*TRC=6CLK (SDCISR<STRC2:0>=“101")
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(4) Read data shift function

If the AC specifications of the SDRAM cannot be satisfied when data is read from the
SDRAM, the read data can be latched in a port circuit so that the CPU can read the data in the
next state. When this read data shift function is used, the read cycle requires additional one
state. The write cycle is not affected. The timing waveforms for various cases are shown below.

(a) 1-word read, the read data shift function disabled (SDACR<SRCS> = “0”)

SDCLK / \ \ /
comvano NOP X ACITIVE ¥ READ NOP NorP X AcTivE ¥ READ
Column
A15-A0 Rgw Address ColymnAddress Rqw Address Adirons
D15-D0 XU Pmal X
Internal tem §
cloglilS N g 2 N S
Internal dat bus >< DIN1 (]><
V)
?

CPU data read

(b) 1-word read, the read data shift function enabled (SDACR<SRDS> = “1”,
<SRDSCK>=“0")

SDCLK \_/_ \_/_ \

COMMAND NOP ACTIVE READ NOP NOP NOP ACTIVE
A15-A0 Rgw Address ColimnAgdresg Rqw Address
D15-DO X{Joint X

Internal system clock - ] - ] gg

Internal data bus >< PINT )><

) 1
External data latch CPU data read
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(¢) Full-page read, the read data shift function enabled (SDACR<SRDS> = “1”,
<SRDSCK> = “0")

SDCLK \_ /" NV

COMMAND NOP AC[TIVE READ NOP NOP NOP NOP
A15-A0 Rgw Address ColumnAddress
D15-D0 X1loing X Tomg X[Joing X
Internal system clock ] g o g g {
Internal data bus >< DINT )X DIN2 X DIN3

1 1
External data'latch CPU dataread

(5) Read/Write commands

The Read/Write commands to be used in 1-word read/single write mode can be specified by
using SDACR<SPRE>.

When SDACR<SPRE> is set to “17, the Read/Write commands are executed with Auto
Precharge. When Auto Precharge is-enabled, the SDRAM is jautomatically precharged
internally at every access cycle. Thus, the SDRAM jis always in a “bank idle” state while it is
not being accessed. This helps reduce the power consumption of the SDRAM but at the cost of
degradation in performance as'the Bank Active command is needed at every access cycle.

When SDACR<SPRE> is set to-“0”, the Read/Write commands are executed without Auto
Precharge. In this case, the SDRAM is not precharged at every access cycle and is always in a
“bank active” state. This increases the power consumption of the SDRAM, but improves
performance as there(is no'need to issue the Bank Active command at every access cycle. If an
access 1s made to outside the SDRAM page boundaries or if the Auto Refresh command is
issued, the SDRAMC automatically issues/the Precharge All command.

And this micro-has LCD controller-and DMA controller, in case of using below condition,
theresis one limitation. When SDRAM is set as VRAM for LCD controller and DMA controller
is operated at the same time, always set to “1” to SDACR<SPRE>.
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(6) Refresh control
The TMP92CF29A supports two kinds of refresh commands: Auto Refresh and Self Refresh.

(a) Auto Refresh
When SDRCR<SRC> is set to “1”, the Auto Refresh command is automatically issued at
intervals specified by SDRCR<SRS2:0>. The Auto Refresh interval can be specified in a
range of 47 states to 1248 states (0.78 ps to 20.8 us at f sys = 60 MHz).

The CPU operation (instruction fetch and execution) is halted while the Auto Refresh
command is being executed. Figure 3.11.6 shows the Auto Refresh cycle timing, and Table
3.11.3 shows the Auto Refresh interval settings. The Auto Refresh function cannot be used
in IDLE1 and STOP modes. In these modes, use the Self Refresh function to be explained

next.

Note: A system reset disables the Auto Refresh function.

<+— 2 states / =———p

SDCLK [
SDCKE

SDLUDQM
SDLLDQM

SDCS

SDRAS T\ /T
3

SDCAS ]

SDWE

1

Auto Refresh

Figure 3.11.6 Auto Refresh Cycle Timing

Notel: Setthe interval of Auto Refresh as below table for your reference.

Note2: Take care SDRAM specification and CRPU operation speed, please.

Table 3.11.3 System clock speed & auto refresh interval
SDRCR<SRS2:0> Frequency: system clock [ MHz ]

interval 1 2 3 4 6 8 10 | 20 | 30 | 40 [ 60 | 80
SRS2|SRS1|SRS0| State

Time: auto refresh interval [ us ]

47 47.0 | 235 | 15.67 | 11.75| 783 | 588 | 470 | 235 | 157 | 1.18 | 0.78 | 0.59
78 780+ 39.0 | 26.0 | 195 | 13.0 | 9.75 | 7.80 3.9 2,60 | 1.95 | 1.30 | 0.98
156 156.0 | 78.0 | 52.0 | 39.0 | 26.0 | 195 | 1560 | 7.8 520 | 390 | 260 | 1.95
312 312.0 | 156.0 | 104.0 | 78.0 | 520 | 39.0 | 31.2 | 1560 | 104 | 7.80 | 520 | 3.90
468 468.0 | 234.0 | 156.0 | 117.0 | 78.0 | 585 | 46.8 | 234 | 1560 | 11.7 | 7.80 | 5.85
624 624.0 | 312.0 | 208.0 | 156.0 | 104.0 | 78.0 | 62.4 | 31.2 | 20.8 | 15.60 | 10.4 | 7.80
936 936.0 | 468.0 | 312.0 | 234.0 | 156.0 | 117.0 | 93.6 | 46.8 | 31.2 | 23.4 | 15.60 | 11.70
1248 11248.0| 624.0 | 416.0 | 312.0 | 208.0 | 156.0 | 124.8 | 62.4 | 41.6 | 31.2 | 20.8 | 15.60

|~ |k |k |]JO |JO |JO |O
|k |]O |O |k |k JO |O
P |O |k |O | |O |- |O

Note: Above gray zone is prohibited to set. SDRAM request: 4096 times per 64ms.
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(b) Self Refresh

The Self Refresh Entry command is issued by setting SDCMM<SCMM2:0> to “101”.
Figure 3.11.7 shows the Self Refresh cycle timing. Before entering Self-refresh mode, issue
the all Bank Pre-charge Command. Once Self Refresh is started, the SDRAM is refreshed
internally without the need to issue the Auto Refresh command.

Note 1: When standby mode is released by a system reset, the I/O registers are initialized and the Self Refresh state
is exited. Note that the Auto Refresh function is also disabled at this time.

Note 2: The SDRAM cannot be accessed while it is in the Self Refresh state.

Note 3: To execute the HALT instruction after the Self Refresh Entry command, insert at least 10 bytes of NOP or
other instructions between the instruction to set SDCMM<SCMM2:0>.to “101” and the HALT instruction.

SDCLK_|
SDCKE ™ |

L I N I v R [ o

T

SDLUDQM
SDLLDQM
SDCS __\_ / \__/__
SDRAS __\_ / ? \__/__
SDCAS |\ / N/
SDWE
t t t
Self Refresh Entry Self Refresh Exit Auto Refresh Mode
Set

Figure 3.11.7 Self Refresh Cycle Timing

Setting Example

org 0x2000 ; Internal RAM

Id (sdcmm),0x02 ;. All Bank Precharge.Command
Id (sdcmm),0x05 ;  Self Refresh Entry Command
NOPx10 ; ~Setup time

halt ;
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The Self Refresh state can be exited by the Self Refresh Exit command. The Self Refresh
Exit command is executed when SDCMM<SCMM2:0> is set to “110”. It is also executed
automatically in synchronization with HALT mode release. In either of these two cases,
Auto Refresh is performed immediately after the Self Refresh state is exited. Then, Auto
Refresh is executed at specified intervals. Exiting the Self Refresh state clears
SDCMM<SCMM2:0> to “000”.

SDRAM Refresh Control Register

7 6 5 4 3 2 1 0
SDRCR | Bit symbol — SSAE SRS2 SRS1 SRSO SRC
(0252H) | Read/Write RIW RIW
Reset State 0 1 o o | o 0
Function Always Self Refresh interval Auto
write “0” Refresh | 000: 47 states - 100: 468 states Refresh
auto exit | 001: 78/states - 101: 624 states | /| 0:Disable
function  |010: 156 states 110: 936 states 1:Enable
O:Disable |011:312 states 111: 1248 states
1:Enable

Setting SDRCR<SSAE> to “1” enables automatic execution, of the Self Refresh Exit
command in synchronization with HALT release.

Setting SDRCR<SSAE> to “0” disables automatic execution of the Self Refresh Exit
command in synchronization with-HALT release. The auto-exit function should also be
disabled in cases where the SDRAM operation requirements cannot be met as the operation
clock frequency is reduced by clock gear down, as shown in Figure 3.11.8.

Gear down Gear up
SO
fsvs
60MHz
|
|
625 kHz (10MHz/16
z( 2/16) ! Interrupt !
1 1
CPU | l :
Auto-EXIT SR CLK HALT CLK SR Auto-EXIT
disable |ENTRY/| change < change | EXIT enable
' ' HALT mode ' '
] 1 1 1
SDRAM controller E E E E
internal state ! ! ! !
1 1
Auto Exit E Auto Exit i Auto Exit
enable ! disable ! enable
| i
1 1
1 1
1 1
] ]

SDRAM state

Auto Refresh

Self Refresh

Auto Refresh

Figure 3.11.8 Execution Flow for Executing HALT Instruction after Clock Gear Down
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(7) SDRAM initialization sequence
After reset release, the following sequence of commands can be executed to initialize the

SDRAM.

Precharge All command
Eight Auto Refresh commands

Mode Register Set command

The above commands are issued by setting SDCMM<SCMM2:0> to “001”. While these
commands are issued, the CPU operation (instruction fetch, execution) is halted. Before
executing the initialization sequence, appropriate port settings must be made to enable the
SDRAM control signals and address signals (A0 to A15).

After the initialization sequence is completed, SDCMM<SCMMZ2:0> is automatically cleared

to “000”.
SieICT8. S I I I I I I N A A I I = P O A B
SDCKE
SDLUDQM
SDLLDQM
S¢S T\ SN NSNS sV VS N IV NI
SDRAS —\ /——\__/——\_ _\__/__\_ _/_ —\_ J
SDCAS ] TN N NS S S
sowe | N/ 3 N/
A0 |/ \ /
A15-A0 | X 6271 X 227 {’{I X_

t t t t t t t

Precharge All  Auto Refresh Auto Refresh Auto Refresh Auto Refresh Auto Refresh  Mode Register
Set

Figure3.11.9 Initialization Sequence Timing
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(8) Connection example

Figure 3.11.10 shows an example of connections between the TMP92CF29A and SDRAM.

Table 3.11.4 Pin Connections

SDRAM Pin Name
92CF29A
. Data Bus Width 16 bits
Pin Name
16M 64M | 128M | 256M | 512M
A0 A0 A0 A0 A0 A0
Al Al Al Al Al Al
A2 A2 A2 A2 A2 A2
A3 A3 A3 A3 A3 A3
A4 A4 A4 A4 A4 A4
A5 A5 A5 A5 A5 A5
A6 A6 A6 A6 A6 A6
A7 A7 A7 A7 A7 A7
A8 A8 A8 A8 A8 A8
A9 A9 A9 A9 A9 A9
Al0 Al0 Al10 Al10 A10 Al10
All BS All All All All
Al2 — BSO BSO Al2 Al2
Al3 — BS1 BS1 BSO BSO
Al4 — — = BS1 BS1
Al5 — — — — —
sSDCS cs cs Ccs Cs CS
SDLUDQM | UDQM | UDQM | -UDQM | UDQM | UDQM
SDLLDQM | LDOM | LDQM | LDQM [ LDQM | -LDQM
SDRAS RAS RAS RAS RAS RAS
SDCAS CAS CAS CAS CAS CAS
SDWE WE WE WE WE WE
SDCKE CKE CKE CKE CKE CKE
SDCLK CLK CLK CLK CLK CLK
SDACR 00: 00: 0l: 01: 10:
<SMUXW>"|-TypeA | TypeA | TypeB | TypeB | TypeC
: Command address pin of SDRAM
TMP92CF29A
SDCLK » CLK
SDCKE » CKE
Al13 »| BS1
Al12 » BSO
Al11-AQ )| A11-A0
D15-DO0 |¢mmp D15-D0
SDRAS »> E
SDCAS » CAS
SDWE » WE
SDCS » CS
SDLUDQM »| UDQM
SDLLDQM » LDQM

1 Mword x 4 banks x 16 bits

Figure 3.11.10 An Example of Connections between TMP92CF29A and SDRAM
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3.11.3 An Example of Calculating HDMA Transfer Time

The following shows an example of calculating the HDMA transfer time when SDRAM is used
as the transfer source.

e  Transfer from SDRAM to internal SRAM

Conditions:
System clock (fsys) : 60 MHz
SDRAM read cycle : Full page (5-1-1-1), 16-bit data bus

16-bit data bus

SDRAM Auto Refresh interval: 936 states (15.6 ps)
Internal RAM write cycle 1 state, 32-bit data bus
Number of bytes to transfer : 512 bytes

Calculation example:
Transfer time = (SDRAM read time + SRAM write time) x transfer(count
+ (SDRAM burst/start + stop time)

+ (Precharge time + Auto Refresh time) x Auto Refresh count

(a) Read/write time
(SDRAM read 1 state x 2 + Internal RAM write 1 state) x 512 bytes/4 bytes
= 384 states x 1/60 MHz
=6.4 us

(b) Burst start/stop time
Start (TRCD: 2CLK) 5 states + Stop 2 states
= Tstates/60 MHz
= 0117 -us

(¢) Auto Refresh time

Based on the above (a), Auto Refresh occurs once or zero times in 384 states. It
is‘assumed that/Auto Refresh occurs once here.

(Precharge (TRP: 2CLK) 2 states + AREF (TRC: 5CLK) 5 states) xAREF once
=7(states x 1/60 MHz
~0.117 s

Total transfer time = (a) + (b) + (c)
— 6.4 s +0.117 ps + 0.117 s
=6.634 us
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3.11.4 Considerations for Using the SDRAMC

This section describes the points that must be taken into account when using the SDRAMC.

Please carefully read the following to ensure proper use of the SDRAMC.

1)

2)

3)

4)

5)

6)

WAIT access

When SDRAM is used, the following restriction applies to-memory access to other
than the SDRAM.

In the external WAIT pin input setting of the memory controller, the maximum
external WAIT period that can be set is limited to “Auto Refresh interval x 8190”.

Execution of the Self Refresh Entry, Initialization Sequence, or Precharge All command
before the HALT instruction

Execution of the commands issued by/ the SDRAMC (Self Refresh Entry,
Initialization Sequence, Precharge All) requires several states after the SDCMM
register is set.

Therefore, to execute the HALT instruction after one of these commands, be sure to
insert at least 10 bytes of NOP or other instructions.

Auto Refresh interval setting

When SDRAM is used, the system clock frequency must be set to satisfy the
minimum operation frequency and minimum Auto Refresh interval of the SDRAM to
be used.

In a system in which- SDRAM 1is used and the clock is geared up and down, the Auto
Refresh interval must be set carefully.

Before changingthe Auto Refresh interval, ensure that SDRCR<SRC> is set to “0” to
disable the Auto Refresh function.

Changing SFR settings

Before changing the settings of the . SDACR<SPRE> and SDCISR registers, ensure
that the SDRAMC is disabled (SDACR<SMAC> =“0").

Disabling the’' SDRAMC
Set the following procedure, when disable the SDRAMC.

LD (SDCMM);0x02 ; Issue to All Bank Precharge
LOOP: LD A,(SDCMM) ;  Read SDCMM
CP-  A,0x00 ; Palling it until the All Bank Precharge command is finished
JP. /'NZ,LOOP
LD . (SDACR),0x00 ; Stop the SDRAM controller

Using LCDC, DMAC with SDRAMC

And this micro has LCD controller and DMA controller, in case of using below
condition, there is one limitation. When SDRAM is set as VRAM for LCD controller and
DMA controller is operated at the same time, always set to “1” to SDACR<SPRE>.
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3.12 NAND Flash Controller (NDFC)

3.12.1 Features
The NAND Flash Controller (NDFC) is provided with dedicated pins for connecting with
NAND Flash memory.

The NDFC also has an ECC calculation function for error correction and supports two types
of ECC calculation methods. The ECC calculation method using Hamming codes can be used for
NAND Flash memory of SLC (Single Level Cell) type and is capable of detecting a single-bit
error for every 256 bytes. The ECC calculation method using Reed-Solomon codes can be used
for NAND Flash memory of MLC (Multi Level Cell) type-and is capable of detecting four error
addresses for every 518 bytes.

Although the NDFC has two channels (channel 0, channel 1), all pins except for Chip Enable
are shared between the two channels. Only the operation of channel 0 is explained here.

The NDFC has the following features:
1) Controls the NAND Flash memory interface through registers.
2) Supports 8-bit and 16-bit NAND Flash memory devices.
3) Supports page sizes of 512 bytes and 2048 bytes.
4) Supports large-capacity block sizes over 256 Kbytes.
5) Includes an ECC generation circuit using Hamming codes (for SLC type).

6) Includes a 4-address (4-byte) error detection eircuit-using Reed-Solomon coding/
encoding techniques (for MLC type).

Note 1: The WP (Write Protect)-pin-of NAND Flash is not supported. If this function is needed, prepare it on an
external circuit.

Note 2: The two channels cannot be accessed simultaneously. It'is necessary to switch between the two channels.

92CF29A-241 2009-06-11



TOSHIBA TMP92CF29A
3.12.2 Block Diagram
NAND Flash Controller Channel 0 (NDFCO)
Lt E R E R ERa R RS R RS R e R e ERA A ERA £ RA R RS R R R R ERA £ RA R RA R ERARA £ ERRERRAEERAEERRRAERaRArrnRErrnnEren .
ST Hamming —> ND CE* £ > {1 WNpoce
ﬁ ECC —> ND ALE
f_ Generator 4 ND CLE : NDCLE,
; 2\ A1 . 4 : D L] NDALE,
<:> ND_RE : NDRE,
: \ . —> /ND WE* : NDWE ,
< Timing D15~ DO
g Generator <— ND RB* <
m i L
% RS ECC Write
% COWOI L] Reed-Solomon
g Register ECC
9 Generator :
c H
= “7* DATA_OUT[15:0] }—4 :
: <~ DATA_IN[15:0] . H <]_|:| D15~DO,
: F/F 80-bit : NDR/B
<:> Address Reed-Solomon :
T
F Calculator
0 s N N A :

Figure 3.12.1 Block Diagram for NAND Flash Controller
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3.12.3 Operation Description

3.12.3.1 Accessing NAND Flash Memory

The NDFC accesses data on NAND Flash memory indirectly through its internal
registers. This section explains the operations for accessing the NAND Flash.

Since no dedicated sequencer is provided for generating commands to the NAND Flash,
the levels of the NDCLE, NDALE, and NDCE pins must be controlled by software.

NDCLE ,

L
g

Z
O
>
[
m

NDCE A\

NDR/B

:

NDFMCRO<CLE> = “1" NDFMCRO<CLE> =*“0" NDOFMCR<ALE> = “0"
NDFMCRO<ALE> =“1"

NDFMCRO<CEOD> = “1”

Figure3.12.2 Basic Timing for Accessing NAND Flash
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The NDRE and NDWE signals are explained next. Write and read operations to and from
the NAND Flash are performed through the NDOFDTR register. The actual write operation
completes not when the NDOFDTR register is written to but when the data is written to the
external NAND Flash. Likewise, the actual read operation completes not when the
NDOFDTR register is read but when the data is read from the external NAND Flash.

At this time, the Low and High widths of NDRE and NDWE can be adjusted according to
the CPU operating speed (fsys) and the access time of the NAND Flash. (For details, refer to
the electrical characteristics.)

The following shows an example of accessing the NAND Flash in 6 clocks by setting
NDFMCRO<SPLW1:0>=2 and NDFMCRO<SPHW1:0>=2. (In write cycles, the data drive

time also becomes longer.)

fsvs

A23~A0
Cs2

RD

Program Memory Read (1wait)

NAND Flash Read

Program Memory Re

>«

ad (1 wait)

>

/)

>t

WA WA

W W WAR WA WA WA

(

AF1234H

(

001FFOH

FE1238H

X

SRWR
NDCLE
NDALE

NDCE

NDRE

NDWE
NDR/B

D15 ~ DO

fsvs

A23~A0

CS2
RD

SRWR
NDCLE

NDALE

NDCE

A

= 2k

2tlk

Program-Memory Read (1 wait)

)

<IN (Program)

»---f---- < IN-(NAND Flash)

A ---- (IN (Program)  »----

NAND Flash Write

Program Memory Read (1 wait)

AR NYAR WA

> <
> <

WVAR VAR U AR U VAR U WA W A W AR WY A

(

FF1234H

(

001FFOH

FF1238H

K

A 4

A

2clk

NDRE

NDWE
NDR/B

D15 ~ DO

»
»

tlk /

"IN (Program) - << ouT

(NAND Flash)

Figure3.12.3 Read/Write Access to NAND Flash

b - - - -  IN (Proaram) »----
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3.12.4 ECC Control

NAND Flash memory devices may inherently include error bits. It is therefore necessary to
implement the error correction processing using ECC (Error Correction Code).

Figure3.12.4 shows a basic flowchart for ECC control.

[ Data Write ] [ Data Read ]

] '

Valid data write to Valid data read from
NAND Flash NAND Flash

1
! Valid data write to ! Valid data write to
! ECC generator ! ECC generator

v v
ECC read ECC read from
from ECC generator NAND-Flash
Write ECC to ECC read from
NAND Flash ECC circuit

Yes .
Error correction

process

Is there error ?

Figure3.12.4 Basic Flow of ECC Control

Write:
1. When data 1s written to the actual NAND Flash memory, the ECC generator in
the NDFC simultaneously generates ECC for the written data.

2.~ The ECCis written to the redundant area in the NAND Flash separately from
the valid data.

Read:

1. When data is/read from the actual NAND Flash memory, the ECC generator in
the NDFC simultaneously generates ECC for the read data.

2. The ECC for the written data and the ECC for the read data are compared to
detect-and correct error bits.
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3.12.4.1 Differences between Hamming Codes and Reed-Solomon Codes

The NDFC includes an ECC generator supporting NAND Flash memory devices of SLC
(or 2LC: two states) type and MLC (or 4LC: four states) type.

The ECC calculation using Hamming codes (supporting SLC) generates 22 bits of ECC
for every 256 bytes of valid data and is capable of detecting and correcting a single-bit error
for every 256 bytes. Error bit detection calculation and correction must be implemented by
software. When using SmartMedia™, Hamming codes should be used.

The ECC calculation using Reed-Solomon codes (supporting MLC) generates 80 bits of
ECC for every 1 byte to 518 bytes of valid data and is capable of detecting and correcting
error bits at four addresses for every 518 bytes. When using Reed-Solomon codes, error bit
detection calculation is supported by hardware and only error bit correction needs to be
implemented by software.

The differences between Hamming codes and Reed-Solomon codes are summarized in
Table 3.12.1.

Table 3.12.1 Differences between Hamming Codes and Reed-Solomon Codes

Hamming Reed-Solomon
Maximum number of 1 bit 4 addresses
correctable errors (All the 8 bits at one address are correctable.)
Number of ECC bits 22 hits/256 bytes 80 bits/up to 518 bytes
Error bit detection Software Hardware
method
Error bit correction Software Software
method
Error bit detection time Depends on the software to be used. See the table below.
Others Supports SmartMedia™. —
Reed-Solomon Error Bit
Number of ) .
Detection Time Notes
Error Bits .
(Unit: Clocks)
4 813 (max)
3 648 (max) These values indicate the total number of clocks for
2 358 (max) Qetecting error bit(s) not including the register read/write
1 219 (max) time by the CPU.
0 1
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3.12.4.2 Error Correction Methods
Hamming ECC

1)

2)
3)

4)

5)

6)

e The ECC generator generates 44 bits of ECC for a page containing 512 bytes
of valid data. The error correction process must be performed in units of 256
bytes (22 bits of ECC). The following explains how to implement error
correction on 256 bytes of valid data using 22 bits of ECC.

e Ifthe NAND Flash to be used has a large-capacity page size (e.g. 2048 bytes),
the error correction process must be repeated several times to cover the entire

page.

The calculated ECC and the ECC in the redundant. area are rearranged, respectively,
so that the lower 2 bytes represent line parity (LPR15:0) and the upper 1 byte (of which
the upper 6 bits are valid) represents column parity (CPR7:2).

The two rearranged ECCs are XORed.

If the XOR result is 0 indicating an ECC match, the error correction process ends
normally (no error). If the XOR result is otheér than 0, it is checked whether or not the
error data can be corrected.

If the XOR result contains only one ON-bit, it is determined that a single-bit error
exists in the ECC data itself and the error correction process terminates here (error not
correctable).

If each pair of bits 0 to 21 of the XOR result is either 01B or. 10B, it is determined that
the error data is correctable and error correction is performed accordingly. If the XOR
result contains either 00B or 11B, it is determined that the error data is not correctable
and the error correction process-terminates here.

An Example of Correctable | An Example of Uncorrectable
XOR Result XOR Result
Binary 1001 10| 00 Column parity 00 Column parity
1010 01 10| Line parity. 101001 10| Line parity
01011010 01011010

The line and bit positions-of the error are detected using the line parity and column
parity of the XOR result, respectively. The error bit thus detected is then inverted. This
completes the error correction process.

Example: When the XOR result is 1001101010011001011010

Convert two bytes of line parity into one byte (10—1, 01—0).

Convert six bits of column parity into three bits (10—1, 01—0).

Lineparity: 1010011001 011010

334033330140
1101001 1=D3H *Error at D3/FF H

Column parity: 1001 10
431

1 01=5 *Error in bit 5

Based on the above, error correction is performed by inverting the data in bit 5
at address 212.
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Reed-Solomon ECC

e The ECC generator generates 80 bits of ECC for up to 518 bytes of valid data.
If the NAND Flash to be used has a large-capacity page size (e.g. 2048 bytes),
the error correction process must be repeated several times to cover the entire
page.

e Basically no calculation is needed for error correction. If error detection is
performed properly, the NDFC only needs to refer to the error address and
error bit. However, it may be necessary to convert-the error address, as
explained below.

1) If the error address indicated by the NDRSCAn register is in the range of 000H to
007H, this error exists in the ECC area and no correction is needed in this case.

(It is not able to correct the error in the ECC area. However, if the error exists in the
ECC area, only 4symbol (include the error in‘the ECC area) can correct the error to this
LSI. Please be careful.)

2) If the error address indicated by the NDRSCAn register, is in'the range of 008H to
20DH, the actual error address is obtained by subtracting this.address from 20 DH.

(If the valid data is processed as 512 byte, the actual error address’is obtained by
subtracting this address from 207H when the error address in the range of 008H to
207H.)

Example 1:
NDRSCAn = 005H, NDRSCDn = 04H = 00000100B

As the error address (005H) is in the range’of 000H to 007H, no correction is
needed.

(Although an error exists in bit 2, no correction is needed.)

Example 2:
NDRSCAn =083H, NDRSCDn = 81H = 10000001B

The actual error address is obtained by subtracting 083H from 20DH. Thus, the
error correction process inverts the data in bits 7 and 0 at address 18AH.

(If the valid data is 512 byte, the actual error address is obtained by subtracting
083H from 207H. Thus, the error correction process inverts the data in bits 7 and
0 at address 184H.)

Note:-If the error address (after converted) is in the range of 000H to 007H, it indicates that an error bit exists in
redundant area (ECC). In this case, no error correction is needed. If the number of error bits is not more than

4 symbols, Reed-Solomon codes calculate each error bit precisely even if it is the redundant area (ECC).
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3.12.5 Description of Registers
NAND Flash Control 0 Register
7 6 5 4 3 2 1 0
NDFMCRO bit Symbol WE ALE CLE CEO CE1 ECCE BUSY ECCRST
(08COH) Read/Write R/IW R W
Reset State 0 0 0 0 0 0 0 0
A Function WE ALE CLE CEO CEL ECC NAND ECC
read-modify enable control control control control circuit Flash reset
-write 0: Disable [0:"L"out |0:"L"out |g:.«y"out |0:“H”" out |cONtrol state control
operation 1:Enable |1:"H’out |1:*H'out 1.« »gout |1:*L" out |0 DPisable [1:Busy 0: -
cannot be 1:Enable | |0: Ready [1: Reset
performed *Always
read as
"o
15 14 13 12 11 10 9 8
(08C1H) bit Symbol SPLW1 SPLWO SPHW1 SPHWO RSECCL RSEDN RSESTA | RSECGW
Read/Write R/IW wW R/W
A Reset State o | o o | o 0 0 0 0
rez?ld-modlfy- Function Strobe pulse width Strobe pulse width Reed- Reed- Reed- Reed-
\(I)Vrr)ltt;ation (Low width of NDRE | | (High width of NDRE | S(():Igmon Solompn Solomon S(c):kc):mon
E operation | error E
NDWE NDWE .
cannot be ) ) latch 0:/Encode | calculation | generator
performed (Write) start write
Inserted width Inserted width 0: Disable | 1-Decode | 0: — control
= (fsys) x (setvalue) | = (fsyg) x(Setvalue) | 1. napie (| (Read) 1: Start 0: Disable
*Always 1: Enable
read as
“0".

Figure3.12.5 \NAND Flash Mode Control 0. Register

(a) <ECCRST >
The <ECCRST> bit/is used for both Hamming and Reed-Solomon codes.
When NDFMCR1<ECCS>=“0", setting this bit to “1” clears the Hamming ECC in the

ECC generator.  When NDFMCR1<ECCS>=%1”,

setting this bit to “1” clears the

Reed-Solomon ECC. Note that this bit is ineffective when NDFMCRO<ECCE>=“0". Before
writing to this bit, ensure that NDFMCRO<ECCE>="1".
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(b) <BUSY>
The <BUSY> bit is used for both Hamming and Reed-Solomon codes.

This bit is used to check the state of the NAND Flash memory (NDR/B pin). It is set to “1”
when the NAND Flash is “busy” and to “0” when it is “ready”.

Since the NDFC incorporates a noise filter of several states, a change in the NDR/B pin
state is reflected on the <BUSY> flag after some delay. It is therefore necessary to inert a
delay time by software (e.g. ten NOP instructions) before checking this flag.

Read Delay )
command Address input time Sensing <BUSY> flag
—> < » —> < >
A
]
]
NDWE pin L S U \_/1 .
1
NDCLE pin | \ I !
' |
1 '
NDALE pin / v !
\V )
1
NDR/B pin \ '
= ;
<BUSY> flag [
(¢ <ECCE>

The <ECCE> bit is used for both Hamming and Reed-Solomon codes.

This bit is used to enable or disable.the ECC generator. To reset the ECC in the ECC
generator (to set <ECCRST> to “1”), the ECC generator must be enabled (KECCE> = “1”).

(d) <CE1:0>, <CLE>, <ALE>

The <CE1:0>, <CLE>, and <ALE> bits are used for both Hamming and Reed-Solomon
codes to control the pins of the NAND Flash memory.

(e) <WE>

The <WE>/bit is-used for both-Hamming and Reed-Solomon codes to enable or disable
write operations.

() “<RSECGW>

The <RSECGW?> bit is used only for Reed-Solomon codes. When Hamming codes are used,
this bit should be set to“0".

Sinee 'valid data and-ECC-are processed differently, the NDFC needs to know whether
valid data or ECC is to beread. This control is implemented by software using this bit.

To read valid data from the NAND Flash, set <RSECGW> to “0”. To read ECC written in
the redundant area in the NAND Flash, set <RSECGW> to “1”.

Note 1:Valid data and ECC cannot be read continuously by DMA transfer. After valid data has been read, DMA
transfer should be stopped once to change the <RSECGW> bit from “0” to “1” before ECC can be read.
Note 2: Immediately after ECC is read from the NAND Flash, the NAND Flash access operation or error bit

calculation cannot be performed for a duration of 20 system clocks (fsys). It is hecessary to insert 20 NOP
instructions or the like.
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(g) <RSESTA>
The <RSESTA> bit is used only for Reed-Solomon codes.

The error address and error bit position are calculated using an intermediate code
generated from the ECC for written data and the ECC for read data. Setting <RSESTA> to
“1” starts this calculation.

(h) <RSEDN>

The <RSEDN> bit is used only for Reed-Solomon codes. When using Hamming codes, this
bit should be set to “0”.

For a write operation, this bit should be set to “0” (encode) to generate ECC. The ECC
read from the NDECCRDn register is written to the redundant area in the NAND Flash.
For a read operation, this bit should be set to “1” (decode). In this case, valid data is read
from the NAND Flash and the ECC written in the redundant area is alsoread to generate
an intermediate code for calculating the error address and error bit position.

(i) <RSECCL>

The <RSECCL> bit is used only for Reed-Solomon codes. When using Hamming codes,
this bit should be set to “0”.

The Reed-Solomon processing unit is.comprised of two elements: an ECC generator and
an ECC calculator. The latter is used to caleulate the error address and error bit position.

The error address and error /bit position are caleulated using an intermediate code
generated from the ECC for written data and the' ECC for read data. At this time, no special
care is needed if ECC generation and error calculation are performed serially. If these
operations need to be performed parallely, the intermediate code used for error calculation
must be latched while the calculation is being performed. The <RSECCL> bit is provided to
enable this latch operation.

When <RSECCL> 1s set to “1”, the intermediate code i1s latched so that the ECC
generator can generate the ECC for another page without problem while the ECC
calculator is calculating the error address and error bit position. At this time, the ECC
generator can perform both encode (write) and decode (read) operations.

When <RSECCL> is set to“0”, the latch is released and the contents of the ECC
calculator are updated as the data in the ECC generator is updated.

Reed-Solomon

ECC
Generator
NDECCRDnN
Register
Flow of data
F/F 80bit <RSECCL>=“1" Latch_ON

<RSECCL>=“0" Latch_OFF
Reed-Solomon

ECC
Calculator
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(G) <SPHW1:0>
The <SPHW1:0> bits are used for both Hamming and Reed-Solomon codes.

These bits are used to specify the High width of the NDRE and NDWE signals. The High
width to be inserted is obtained by multiplying the value set in these bits by fsys.

(k) <SPLW1:0>
The <SPLW1:0> bits are used for both Hamming and Reed-Solomon codes.

These bits are used to specify the Low width of the NDRE-and NDWE signals. The Low
width to be inserted is obtained by multiplying the value set'inthese bits by fsys.
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NDFMCR1
(08C2H)

(08C3H)

NAND Flash Control 1 Register

7 6 5 4 3 2 1 0
bit Symbol INTERDY [ INTRSC BUSW ECCS SYSCKE
Read/Write R/W RIW
Reset State 0 0 0 0 0
Function Ready Reed- Databus |ECC Clock
interrupt Solomon width calculation | control
calculation
0: Disable |end 0: 8-bit 0:Hamming | 0: Disable
1: Enable |interrupt 1: 16-bit | 1: Reed- 1: Enable
0: Disable Solomon
1: Enable
15 14 13 12 11 10 9 8
bit Symbol STATE3 STATE2 STATE1 STATEO SEER1 SEERO
Read/Write R
Reset State 0 | 0 | 0 | 0 | Undefined | Undefined
Function Status read (See the table below.)

Table3.12.2 Reed-Solomon Calculation’Result Status Table

STATE<3:0> Meaning
0000 Calculation ended 0 (No error)
0001 Calculation ended 1(5 or more symboals.in error; not correctable)
0010
Calculation ended 2 (Error found)
0011
0100~1111 Calculation in progress

Note: The <STATE3:0> value becomes effective after the calculation has started.

SEER<1:0> Meaning
00 1-address error
01 2-address/error
10 3-address error
11 4-address error

Note: The <SEER1:0> value'becomes effective after the calculation has ended.

(a) <SYSCKE>
The <SYSCKE> bit is used for both Hamming and Reed-Solomon codes.

When using the NDFC, this bit must be set to “1” to enable the system clock. When not
using the NDFC, power consumption can be reduced by setting this bit to “0”.

() <ECCS>

The <ECCS> bit is used to select whether to use Hamming codes or Reed-Solomon codes.
This bit is set to “0” for using Hamming codes and to “1” for using Reed-Solomon codes. It
is also necessary‘to set-this bit for clearing ECC.

(e <BUSW>
The <BUSW> bit is used for both Hamming and Reed-Solomon codes.

This bit specifies the bus width of the NAND Flash to be accessed (“0” = 8 bits, “1” = 16
bits). No other setting is required in the memory controller.
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(d) <INTRSC>

The <INTRSC> bit is used only for Reed-Solomon codes. When using Hamming codes,
this bit should be set to “0”.

This bit is used to enable or disable the interrupt to be generated when the calculation of
error address and error bit position has ended.

The interrupt is enabled when this bit is set to “1” and disabled when “0”.

(e) <INTRDY>
The <INTRDY> bit is used for both Hamming and Reed-Solomon codes.

This bit is used to enable or disable the interrupt to be generated when the status of the
NDR/B pin of the NAND Flash changes from “busy” (0) to “ready” (1). The interrupt is
enabled when this bit is set to “1” and disabled when “0”.

(f) <STATE3:0>, <SEER1:0>

The <STATE3:0> and <SEER1:0> bits are used only for Reed-Solomon codes. When using
Hamming codes, they have no meaning.

These bits are used as flags to indicate the result of error address and error bit
calculation. For details, see Table3.12.2!
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NAND Flash Data Register 0

7 6 5 4 3 2 1 0
NDFDTRO |bit Symbol D7 D6 D5 D4 D3 D2 D1 DO
(1FFOH) | Read/Write RIW
Reset State | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined
Function NAND Flash Data Register (7-0)
15 14 13 12 11 10 9 8
@FF1H)  [bit symbol D15 D14 D13 D12 D11 D10 D9 D8
Read/Write R/W
Reset State | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined
Function NAND Flash Data Register (15-8)

NAND Flash Data Register 1

7 6 5 4 3 2 1 0
NDFDTR1 | bit Symbol D7 D6 D5 D4 D3 D2 D1 DO
(1FF2H) Read/Write R/W
Reset State [ Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined
Function NAND Flash Data Register (7-0)
15 14 13 12 11 10 9 8
(1FF3H) bit Symbol D15 D14 D13 D12 D11 D10 D9 D8
Read/Write RIW
Reset State [ Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined
Function NAND Flash Data Register (15-8)

Note: Although these registers allow both read and write operations,no flip-flop.is incorporated. Since write and read

operations are performed in different manners, it is not possible to read out the data that has been just written.

Figure3.12.6 NAND Flash Data Registers (NDFDTRO, NDFDTR1)

Write and read operations to and from the NAND Flash memory are performed by
accessing the NDFDTRO register. When you write to this register, the data is written to the
NAND Flash. When you read from this register, the data is read from the NAND Flash.
The NDFDTRO register is used for both channel 0 and channel 1.

A total’of 4 bytes are provided as.data registers to enable 4-byte DMA transfer. For
example, 4 bytes of data can be transferred from 32-bit internal RAM to 8-bit NAND Flash
memory by DMA operation by setting the destination address as NDFDTR0. NDFDTR1
cannot be set as the destination address.) The actual DMA operation is performed by first
reading 4 bytes from the internal RAM and then writing 1 byte to the NAND Flash four
times from the lowest address.

To access data in the NAND Flash, be sure to access NDFDTRO (at address 1FF0). For
details, see Table3.12:3.
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Table3.12.3 How to Access the NAND Flash Data Register

Write

Access Data Size

Example of
instruction

8-bit NAND Flash

16-bit NAND Flash

1-byte access

Id (OX1FFO0),a

Supported Not supported
2-byte access Id (Ox1FF0),wa Supported Supported
4-byte access Id (OX1FF0),xwa Supported Supported

Read
. Example of . .
Access Data Size : - 8-bit NAND Flash 16-bit NAND Flash
instruction
1-byte access Id a,(Ox1FFO) Supported Not supported
2-byte access Id wa,(0x1FFO) Supported Supported
4-byte access Id xwa,(0x1FF0) Supported Supported
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NAND Flash ECC Register 0

7 6 5 4 3 2 1 0
NDECCRDO | bit Symbol ECCD7 ECCD6 ECCD5 ECCD4 ECCD3 ECCD2 ECCD1 ECCDO
(08C4H) Read/Write R
Reset State o | o | o | o | o [ o | o [ o
Function NAND Flash ECC Register (7-0)
15 14 13 12 11 10 9 8
(08C5H) bit Symbol ECCD15 | ECCD14 | ECCD13 | ECCD12 | ECCD11 | ECCD10 | ECCD9 ECCD8
Read/Write R
Reset State o | o | o | o | o 7o~ o | o
Function NAND Flash ECC Register (15-8)

NAND Flash ECC Register 1

7 6 5 4 3 2 1 0
NDECCRD1 | bit Symbol ECCD7 ECCD6 ECCD5 ECCD4 ECCD3 ECCD2 ECCD1 ECCDO
(08C6H) Read/Write R
Reset State o | o | o | o/ J o | o 0o 1T o
Function NAND Flash ECC Register (7-0)
15 14 13 12 11 10 9 8
(08C7H) bit Symbol ECCD15 ECCD14 ECCD13 (| . ECCD12 ECCD11 ECCD10 ECCD9 ECCDS8
Read/Write R
Reset State o | o | o] -0 | o T o1 o | o
Function NAND Flash ECC Register (15-8)

NAND Flash ECC Register 2

7 6 5 4 3 2 1 0
NDECCRD?2 | bit Symbol ECCD7 ECCD6 ECCD5 ECCD4 ECCD3 ECCD2 ECCD1 ECCDO
(08C8H) Read/Write R
Reset State o | o | o | o ] o [ o | o [ o
Function NAND Flash-ECC Register (7-0)
15 14 13 12 11 10 9 8
(08C9H) bit Symbol ECCD15 | ECCD14 | ECCD13/| ECCD12 | ECCD11 | ECCD10 | ECCD9 ECCD8
Read/Write R
Reset State o | o | o | 0o | o | o | o [ o
Function NAND Flash ECC Register (15-8)

NAND Flash ECC Register 3

7 6 5 4 3 2 1 0
NDECCRD3 | bit Symbol ECCD7 ECCD6 ECCD5 ECCD4 ECCD3 ECCD2 ECCD1 ECCDO
(08CAH) Read/Write R
Reset State o ol o ] o | o | o [ o | o [ o
Function NAND Flash ECC Register (7-0)
15 14 13 12 11 10 9 8
(08CBH) bit Symbol ECCD15 ECCD14 ECCD13 | ECCD12 ECCD11 ECCD10 ECCD9 ECCDS8
Read/Write R
Reset State o | o | o | o | o | o | o | o
Function NAND Flash ECC Register (15-8)
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NAND Flash ECC Register 4
7 6 5 4 3 2 1 0
NDECCRD4 |bit Symbol ECCD7 ECCD6 | ECCD5 | ECCD4 | ECCD3 ECCD2 | ECCD1 ECCDO
(08CCH) Read/Write R
Reset State o | o o | o | o | o 0 0
Function NAND Flash ECC Register (7-0)
15 14 13 12 11 10 9 8
(08CDH) bit Symbol ECCD15 | ECCD14 | ECCD13 | ECCD12 | ECCD11 | ECCD10 | ECCD9 ECCDS8
Read/Write R
Reset State o | o o | o [ o [ o 0 0
Function NAND Flash ECC Register (15-8)

Figure3.12.7 NAND Flash ECC Registers

The NAND Flash ECC register is used to read ECC generated by the ECC generator.

After valid data has been written to /or read ‘from the NAND Flash, setting
NDFMCRO<ECCE> to “0” causes the corresponding ECC to be set in this register. (The
ECC in this register is updated when NDFMCRO<ECCE> changes from “1”to “0”.)

When Hamming codes are used, 22 bits of ECC are generated for-up to 256 bytes of valid
data. In the case of Reed-Solomon codes, 80 bits of ECC are generated for up to 518 bytes of
valid data. A total of 80 bits of registers-are provided, arranged as five 16-bit registers.
These registers must be read in/16-bit units and cannot be accessed in 32-bit units.

After ECC calculation has completed, in the case of ‘Hamming codes, the 16-bit line
parity for the first 256 bytes is stored in the NDECCRDO register, the 6-bit column parity
for the first 256 bytes in the NDECCRD1 register (KECCE7:2>), the 16-bit line parity for
the second 256 bytes inthe NDECCRD2 register, and the 6-bit column parity for the second
256 bytes in the NDECCRDS register (<KECCD7:2>). In this case, the NDECCRD4 register

is not used.

In the case of Reed-Solomon codes, 80 bits of ECC are stored in the NDECCRDO,
NDECCRD1, NDECCRD2, NDECCRD3 and NDECCRD4 registers.

Note: Before reading ECC from the NAND Flash ECC register, be sure to set NDFMCRO<ECCE> to “0”. The ECC in
the NAND Flash ECC register is updated when NDFMCRO<ECCE> changes from “1” to “0". Also note that
when the ECC in the ECC generator-is reset by NDFMCRO<ECCRST>, the contents of this register are not

reset.
Register Hamming Reed-Solomon
Name

NDECCRDO [15:0] Line parity [15:0]
(for the first 256 bytes) Reed-Solomon ECC code 79:64

NDECCRD1 [7:2] Column parity [15:0]
(for the first 256 bytes) Reed-Solomon ECC code 63:48

NDECCRD2 [15:0] Line parity [15:0]
(for the second 256 bytes) Reed-Solomon ECC code 47:32

NDECCRD3 [7:2] Column parity [15:0]
(for the second 256 bytes) Reed-Solomon ECC code 31:16

NDECCRD4 Not in use [15:0]
Reed-Solomon ECC code 15:0
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The table below shows an example of how ECC is written to the redundant area in the
NAND Flash memory when using Reed-Solomon codes.

When using Hamming codes with SmartMedia™, the addresses of the redundant area
are specified by the physical format of SmartMedia™. For details, refer to the
SmartMedia™ Physical Format Specifications.

Register Reed-Solomon NAND Flash Address
Name

NDECCRDO [15:0] Upper 8 bits [79:72]— address 518
Reed-Solomon ECC code 79:64 Lower 8 bits' [71:64] — address 519

NDECCRD1 [15:0] Upper 8.bits [63:56] — address 520
Reed-Solomon ECC code 63:48 Upper 8 bits [55:48] — address 521

NDECCRD2 [15:0] Upper.8 bits [47:40] — address 522
Reed-Solomon ECC code 47:32 Lower 8-bits [39:32] — address 523

NDECCRD3 [15:0] Upper 8 bits [31:24] — address 524
Reed-Solomon ECC code 31:16 Lower 8 bits [23:16] — address 525

NDECCRD4 [15:0] Upper 8 bits [15:8] — address 526
Reed-Solomon ECC code 15:0 Lower 8 bits [7:0] — address-527
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NAND Flash Reed-Solomon Calculation Result Address Register
7 6 5 4 3 2 1 0
NDRSCAQO | bit Symbol RS0A7 RS0A6 RS0A5 RS0A4 RS0A3 RS0A2 RSO0A1 RSOAO0
(08DOH) | Read/Write R
Reset State o | o [ o | o | o | o [ o | o
Function NAND Flash Reed-Solomon Calculation Result Address Register (7-0)
15 14 13 12 11 10 9 8
(08D1H) |bit Symbol RS0A9 RSOA8
Read/Write R
Reset State 0 | 0
Function NAND Flash
Reed-Solomon
Calculation Result
Address Register (9-8)
7 6 5 4 3 2 1 0
NDRSCA1 | bit Symbol RS1A7 RS1A6 RS1A5 RS1A4 RS1IA3 RS1A2 RS1A1 RS1A0
(08D4H) | Read/Write R
Reset State o | o | o | o 1. w0 .| o [o | o
Function NAND Flash Reed-Solomon Calculation Result Address Register (7-0)
15 14 13 12 11 10 9 8
(08D5H) | bit Symbol RS1A9 RS1A8
Read/Write R
Reset State 0 | 0
Function NAND Flash Reed-
Solomon Calculation
Result Address
Register (9-8)
7 6 5 4 3 2 1 0
NDRSCAZ2 | bit Symbol RS2A7 RS2A6 RS2A5 RS2A4 RS2A3 RS2A2 RS2A1 RS2A0
(08D8H) | Read/Write R
Reset State o | o [ 0o | o | o ] o [ o | o
Function NAND Flash Reed-Solomon Calculation Result Address Register (7-0)
15 14 13 12 11 10 9 8
(08D9H) | bit Symbol RS2A9 RS2A8
Read/Write R
Reset State 0 | 0
Function NAND Flash Reed-
Solomon Calculation
Result Address
Register (9-8)
7 6 5 4 3 2 1 0
NDRSCAZ3 | bit Symbol RS3A7 RS3A6 RS3A5 RS3A4 RS3A3 RS3A2 RS3A1 RS3A0
(08DCH) | Read/Write R
Reset State o | e | o | o | o | o | o | o
Function NAND Flash Reed-Solomon Calculation Result Address Register (7-0)
15 14 13 12 11 10 9 8
(08DDH) | bit Symbol RS3A9 RS3A8
Read/Write R
Reset State 0 | 0
Function NAND Flash Reed-

Solomon Calculation
Result Address
Register (9-8)

Figure3.12.8 NAND Flash Reed-Solomon Calculation Result Address Register
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If error is found at only one address, the error address is stored in the NDRSCAO register.
If error is found at two addresses, the NDRSCAO and NDRSCA1 registers are used to store
the error addresses. In this manner, up to four error addresses can be stored in the
NDRSCAO to NDRSCAS registers.

The number of error addresses can be checked by NDFMCR1<SEER1:0>.

NAND Flash Reed-Solomon Calculation Result Data Register

7 6 5 4 3 2 1 0
NDRSCDO | bit Symbol RS0D7 RS0D6 RS0D5 RS0D4 RSOD3 RS0D2 RSOD1 RS0DO
(08D2H) Read/Write R
Reset State o | o [ o | o | ol]v e [ o | o
Function NAND Flash Reed-Solomon Calculation Result-Data Register (7-0)
7 6 5 4 3 2 1 0
NDRSCD1 |hit Symbol RS1D7 RS1D6 RS1D5 RS1D4 RS1D3 RS1D2 RS1D1 RS1D0
(08D6H) Read/Write R
Reset State o | o [ o | o] o |, 0 [ o] o
Function NAND Flash Reed-Solomon Calculation Result Data Register (7-0)
7 6 5 4 3 2 1 0
NDRSCD2 | bit Symbol RS2D7 RS2D6 RS2D5 RS2D4 RS2D3 RS2D2 RS2D1 RS2DO0
(0O8DAH) Read/Write R
Reset State o | o | o~ o | o/ 0 | o | o
Function NAND Flash Reed-Solomon Calculation Result’Data Register (7-0)
7 6 5 4 3 2 1 0
NDRSCD3 | bit Symbol RS3D7 RS3D6 RS3D5 RS3D4 RS3D3 RS3D2 RS3D1 RS3D0
(08DER) Read/Write R
Reset State o | o} 0o | o | o ] o | o | o
Function NAND Flash Reed-Solomon Calculation Result Data Register (7-0)

Figure3.12.9 NAND Flash-Reed-Solomon Calculation Result Data Register

If error 1s found at only one address; the error data is stored in the NDRSCDO register. If
error is found at two addresses, the NDRSCDO and NDRSCD1 registers are used to store
the error data. In this manner, the error data at up to four addresses can be stored in the
NDRSCDO to NDRSCD3 registers.

The number of error addresses can be checked by NDFMCR1<SEER1:0>.
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3.12.6 An Example of Accessing NAND Flash of SLC Type

1. Initialization

K

; #*%%% Initialize NDFC *****

; Conditions: 8-bit bus, CEO0, SLC, 512 (528) bytes/page, Hamming codes

1d
1d
2.  Write

Writing valid data

(ndfmer1),0001h
(ndfmcr0),2000h

; ¥¥%%E% Write valid data*****

ldw
ldw
1d
ldw
1d
ldw
1d

(ndfmer0),2010h

(ndfmcr0),20BOh

(ndfdtr0),80h

(ndfmcr0),20D0h

(ndfdtr0),xxh
(ndfmcr0),2095h
(ndfdtr0),xxh

Generating ECC — Reading ECC
; *kkkk Read ECC *kdkhk

K

ldw

1dw

ldw

1dw

ldw

(ndfmer0),2010h

xxxx,(ndeccrd0)
1’st Read:

xxxx,(ndeccrdl)

2'nd Read:
xxxx,(ndecerd0)

3’rd Read:

xxxx,(ndeccrdl)
4th Read:

Writing ECC to NAND Flash
; ¥**EE Write dummy data & ECC*****

ldw
1d

; 8-bit bus, Hamming ECC, SYSCK-ON

; SPLW1:0=0, SPHW1:0=2

; CEO enable

; WE enable, CLE enable
; Serial’'input command

; ALE enable

;7 Address write (3 or 4 times)
;Reset ECC, ECCE enable, CEO enable

; Data write (512 times)

; ECC circuit disable

;’Read ECC from internal circuit

D15-0 > LPR15:0

For first 256 bytes

; Read ECC from internal circuit

D15-0 > FFh+CPR5:0+11b For first 256 bytes
; Read ECC from internal circuit

D15-0 > LPR15:0

For second 256 bytes

; Read ECC from internal circuit
D15-0 > FFh+CPR5:0+11b For second 256 bytes

(ndfmcr0),2090h ; ECC circuit disable, data write mode

(ndfdtr0),xxh

Write to D520:
Write to D521:
Write to D522:
Write to D525:
Write to D526:
Write to D527:

; Redundancy area data write (16 times)

LPRT7:0 >D7-0
LPR15:8 >D7-0
CPR5:0+11b >D7-0
LPR7:0 >D7-0
LPR15:8 >D7-0

CPR5:0+11b >D7-0

For second 256 bytes
For second 256 bytes
For second 256 bytes
For first 256 bytes
For first 256 bytes
For first 256 bytes
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Executing page program

; ¥*¥** Set auto page program

’

*hkkk

ldw (ndfmcr0),20BOh ; WE enable, CLE enable
1d (ndfdtr0),10h ; Auto page program command
1dw (ndfmcr0),2010h ; WE disable, CLE disable

Wait setup time (from Busy to Ready)
1. Flag polling
2. Interrupt

Reading status
j wwik Read Status*

’

ldw (ndfmcr0),20BOh ; WE enable, CLE enable

1d (ndfdtr0),70h ; Status read command
ldw (ndfmcr0),2010h ;' WE disable, CLE disable
1d xx,(ndfdtr0) ;Status read
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Read

Reading valid data
; ¥*¥%*%* Read valid data*****

Idw
ldw
1d
ldw
1d

(ndfmcr0),2010h

; CEO enable

(ndfmcr0),20BOh ; WE enable, CLE enable

(ndfdtr0),00h

; Read command

(ndfmcr0),20D0h ; ALE enable

(ndfdtr0),xxh

; Address write (3 0r 4 times)

; Wait setup time (from Busy to Ready)

ldw
1d
ldw
1d
1d
1d
1d

1. Flag polling
2. Interrupt

(ndfmcr0),2015h
xx,(ndfdtr0)
(ndfmer0),2010h
xx,(ndfdtr0)
xx,(ndfdtr0)
xx,(ndfdtr0)
xx,(ndfdtr0)

Generating ECC — Reading ECC
; *kdkk Read ECC dkdkk

’

1ldw

ldw

1dw

ldw

ldw

(ndfmecr0),2010h

xxxx,(ndeccrd0)

1’st Read:
xxxx,(ndeccrd1)

2'nd Read:

xxxX,(ndecerd0)

3’rd Read:
xxxx,(ndeccrdl)

4’th Read:

Software processing

The. ECC-data generated for the read operation and the ECC in the
redundant area in the NAND Flash are compared. If any error is found, the

; Reset-ECC, ECCE enable,/CEO enable
; Dataread (512 times)

7 ECC circuit disable

; Redundancy data read (8 times)

; ECC data read (3 times)

; Redundancy data read (2 times)

;; ECC data read (3'times)

; ECC circuit disable
; Read ECC from internal circuit
D15-0> LPR15:0 For first 256 bytes

;Read ECC from internal circuit
D15-0 > FFh+CPR5:0+11b For first 256 bytes

; Read ECC from internal circuit

D15-0 > LPR15:0 For second 256 bytes
; Read ECC from internal circuit

D15-0 > FFh+CPR5:0+11b For second 256 bytes

error processing routine is performed to correct the error data. For details,
see 3.12.4.2 “Exrror Correction Methods”.
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4. ID Read

The ID read routine is as follows:

ldw
1d
ldw
1d
ldw
1d
1d

(ndfmcr0),20BOh ; WE Enable, CLE enable
(ndfdtr0),90h ; Write ID read command
(ndfmcr0),20D0h ; ALE enable, CLE disable
(ndfdtr0),00h ; Write 00
(ndfmecr0),2010h ; WE disable, CLE disable
xx,(ndfdtr0) ; Read 1'st ID maker code
xx,(ndfdtr0) ; Read 2'nd ID device code
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3.12.7 An Example of Accessing NAND Flash of MLC Type (When the valid data is processed
as 518byte)
1. Initialization

; ¥x%EE Ipitialize NDFC *#%%*
; Conditions: 16-bit bus, CE1, MLC, 2048 (2112) bytes/page, Reed-Solomon codes
1d (ndfmer1),0007h ; 16-bit bus, Reed-Solomon ECC, SYSCK-ON
1d (ndfmcr0),5000h ; SPLW1:0=1, SPHW1:0=1
2. Write

Writing valid data
; ¥xxEE Write valid data*****
ldw (ndfmcr0),5008h ; CE1 enable
ldw (ndfmcr0),50A8h ; WE/enable, CLE enable
ldw (ndfdtr0),0080h ; serial input command
1ldw (ndfmcr0),50C8h ;/ALE enable
ldw (ndfdtr0),00xxh /> Address write ( 4 or 5 times)
ldw (ndfmecr0),508Dh ; Reset ECC code, ECCE enable
ldw (ndfdtr0),xxxxh - ; Data write (259-times/:518byte)
(256-times/512byte)

Generating ECC — Reading ECC
ldw (ndfmcr0),5008h - ECC circuit disable
ldw (ndfmcr0),50A8h —; WE-enable, CLE enable
ldw (ndfdtr0),0080h ; serial input command
ldw (ndfmcr0);50C8h ;ALE enable
ldw (ndfdtr0),00xxh > ; Address write (4 or 5 times)

ldw xxxx,(ndeccrd0) ; Read ECC from internal circuit
; Read: D79-64

ldw xxxx,(ndeccrdl) ; Read ECC from internal circuit
; Read: D63-48

1dw xxxx,(ndeccrd2) ; Read ECC from internal circuit
; Read: D47-32

ldw xxxx,(ndeccrd3) ; Read ECC from internal circuit
; Read: D31-16

ldw xxxx,(ndeccrd4) ; Read ECC from internal circuit
; Read: D15-0
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Writing ECC to NAND Flash
; ¥*EF% Write dummy data & ECC *****

1dw (ndfmcr0),5088h ; ECC circuit disable, data write mode

ldw (ndfdtr0),xxxxh ; Redundancy area data write
; Write to 207-206hex address: >D79-64

ldw (ndfdtr1l),xxxxh ; Redundancy area data write
; Write to 209-208hex address: >D63-48

ldw (ndfdtr0),xxxxh ; Redundancy area data write
; Write to 20B-20Ahex address: >D47-32

ldw (ndfdtr1l),xxxxh ; Redundancy area data write
; Write to 20D-20Chex address: >D31-16

ldw (ndfdtr0),xxxxh ; Redundancy area data write
; Write to 20F-20Ehex address: >D15-0

; The write operation is repeated four times to write 2112 bytes.

Executing page program
; ¥*¥F*% Set auto page program¥*F***
ldw (ndfmcr0),50A8h ; WE enable, CLE enable
ldw (ndfdtr0),0010h ; Auto page program command

ldw (ndfmer0),5008h ; WE disable, CLE disable

; Wait set up time (from Busy'to Ready)
; 1. Flag polling
; 2./ Interrupt

Note: In case of LB type NANDF, programming. page size is normally each 2112 bytes and ECC calculation is

processed each-518 (512) bytes..Please take care of programming flow. In details, refer the NANDF memory

specifications.

Reading status

; ¥*E*% Read status*¥***

1dw (ndfmcr0),50A8h ; WE enable, CLE enable
1dw (ndfdtr0),0070h ; Status read command
ldw (ndfmcr0),5008h ; WE disable, CLE disable
ldw xxxx,(ndfdtr0) ; Status read
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3. Read (including ECC data read)

Reading valid data
; #¥¥%*%* Read valid data*****

K

ki
’

’

ldw (ndfmcr0),5008h ; CE1 enable

ldw (ndfmcr0),50A8h ; WE enable, CLE enable
ldw (ndfdtr0),0000h ; Read command 1

1ldw (ndfmcr0),50C8h ; ALE enable

ldw (ndfdtr0),00xxh ; Address write (4/or 5 times)
ldw (ndfmcr0),50A8h ; WE enable, CLE ‘enable
ldw (ndfdtr0),0030h ; Read command 2

Wait set up time (from Busy to Ready)
1. Flag polling
2. Interrupt

ldw (ndfmcr0),540Dh ; ECC reset, ECC circuit enable; decode mode

ldw xxxx,(ndfdtr0) ; Data read (259 times> 518 bytes)
(256-times:512 byte)

ldw (ndfmcr0),550Ch 5 RSECGW enable

1dw xxxx,(ndfdtr0) yRead ECC (5 times: 80 bits)

Wait set up time (20 system clocks)

(1) Error bit calculation

ldw (ndfmecr1),0047h ; Error bit calculation interrupt enable
ldw (ndfmcr0),560Ch ; Error bit calculation circuit start

Wait set up time

Interrupt routine (End of calculation for Reed-Solomon Error bit)
ldw xxxx,(ndfmerl) ~ ; Check error status "STATE3:0, SEER1:0”

If error is found, the error processing routine is performed to
correct the error data. For details see 3.12.4.2 “Error Correction
Methods”.

The read operation is repeated four times to read 2112 bytes.

92CF29A-268 2009-06-11



TOSHIBA

TMP92CF29A

4. ID Read

The ID read routine is as follows:

1dw
ldw
ldw
ldw
ldw
ldw
Idw

(ndfmcr0),50A8h ; WE enable, CLE enable
(ndfdtr0),0090h ; Write ID read command
(ndfmcr0),50C8h ; ALE enable, CLE disable
(ndfdtr0),0000h ; Write 00
(ndfmecr0),5008h ; WE disable, CLE disable
xxxx,(ndfdtr0)  ; Read 1'st ID maker code
xxxx,(ndfdtr1) ; Read 2'ndID device code
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3.12.8 An Example of Connections with NAND Flash

TMP92CF29A
gg 100k NAND-Flash-0 NAND-Flash-1
NDCLE CLE » CLE
NDALE ALE > ALE
NDRE RE > RE_
NDWE WE »[-WE
2kQ
NDR/B |«—e R/B (open drain) R/B (open drain)
D[15:.0] 1/0[15:0] 1/0[7:0]
CE/ /wp CE WP
NDOCE * A A A
NDICE

External circuits for'Write-protect

Note 1: A reset sets the NDRE and NDWE pins as input-ports, so pull-up resistors are needed.

Note 2: The pull-up resistor value for the NDR/B-pin-must be set appropriately.according to the NAND Flash memory

to be used and the capacity of the board (typical: 2 kQ):

Note 3: The wp (Write Protect) pin of NAND Flash is not supported. When this function is needed, prepare it on an

external circuit.

Figure3.12.10 ‘An Example of Connections with NAND Flash
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3.13 8 Bit Timer (TMRA)

The TMP92CF29A features 8 channel built-in 8-bit timers (TMRAO to TMRAT7).
These timers are paired into 4 modules: TMRAO1, TMRA23, TMRA45 and TMRAG67. Each

module consists of 2 channels and can operate in any of the following 4 operating modes.

8-bit interval timer mode

16-bit interval timer mode

8-bit programmable square wave pulse generation output mode (PPG:Variable duty cycle

with variable period)
8-bit pulse width modulation output mode (PWM — Variable duty cycle with constant

period)

Figure 3.13.1 to Figure 3.13.4 show block diagrams for TMRAO1 to TMRAG67.

Each channel consists of an 8-bit up counter, an 8-bit comparator and an. 8-bit timer register.

In addition, a timer flip-flop and a prescaler are provided for each pair of channels.

The operation mode and timer flip-flops are controlled by a 5bytes registers SFRs

(Special-function registers).

Each of the 4 modules (TMRAO1 to TMRAG7) can be operated independently. All modules

The contents of this chapter are as follows.

Table 3.13.1 Registers and Pins for Each Module

operate in the same manner; hence only the operation of TMRAO1 is explained here.

Module
o TMRAO1 TMRA23 TMRAA45 TMRAG67
Specification
Input pin for external TAQIN TA2IN Low-frequency clock | Low-frequency clock
External clock (Shared with PC1) (Shared with PC3) fs fs
pin Output pin for timer TAIOUT TA70OUT
flip-flop (Shared with PM1) ) - (Shared with PP3)
Timer run register TAOL1RUN (1100H) TA23RUN (1108H) TA45RUN (1110H) TAG67RUN (1118H)
Timer register TAOREG (1102H) TA2REG (110AH) TA4REG (1112H) TA6REG (111AH)
SFR TALREG (1103H) TA3REG (110BH) TASREG (1113H) TA7REG (111BH)
(Address) | Timermode register TAOLMOD (1104H). | TA23MOD (110CH) | TA45MOD (1114H) | TA67MOD (111CH)

Timer flip-flop
control register

TALFFCR (1105H)

TA3FFCR (110DH)

TA7FFCR (111DH)
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3.13.1 Block Diagram

1NOTV1 ndino
dop-duy Jswi
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TVHAL  snq erep [euau| OVHIAL OVHAL snq eyepleusaiu|
[ 1
0 Jaynqg e <3qdov.1l>
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(1d0D) (0d2)
1oo19p | J0resedwodq-g 19319p Yore Ja1unoo dn 1g-8
Od10vL
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h é 10199|9S ﬁ 10)09|9S
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Figure 3.13.1 TMRAOL Block Diagram
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Figure 3.13.2 TMRA23 Block Diagram
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Figure 3.13.3 TMRAA45 Block Diagram
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3.13.2 Operation of Each Circuit

®

Prescaler

A 9-bit prescaler generates the input clock to TMRAO1.The clock ¢TOTMR is
selected using the prescaler clock selection register SYSCRO<PRCK>.

The prescaler operation can be controlled using TAOIRUN<TAOPRUN> in the
timer control register. Setting <TAO1IPRUN> to “1” starts the count; setting
<TAO01PRUN> to “0” clears the prescaler to “0” and stops operation. Table 3.13.2
shows the various prescaler output clock resolutions.

(Although the prescaler and the timer counter can be started separately, the
timer counter’s operation depends on the prescaler’s input timing.)

Table 3.13.2 Prescaler Output Clock Resolution

Clock gear Prescaler of Timer counter input clock
selection clock gear Prescaler of TMRA
SYSCR1 SYSCRO TAXXMOD<TAXCLK1:0>

<GEAR2:0> <PRCK> 0T1(1/2) 0T4(1/8) $T16(1/32) $T256(1/512)
000(1/1) fc/8 fc/32 fc/128 fc/2048
001(1/2) fc/16 fc/64 fc/256 fc/4096
010(1/4) 0(1/2) fc/32 fc/128 fc/512 fc/8192
011(1/8) fcl64 fc/256 fc/1024 fc/16384

fo 100(1/16) 12 fc/128 fc/512 fc/2048 fc/32768

000(1/1) fc/32 fc/128 fc/512 fc/8192
001(1/2) fc/64 fc/256 fc/1024 fc/16384
010(1/4) 1(1/8) fc/128 fc/512 fc/2048 fc/32768
011(1/8) fc/256 fc/1024 fc/4096 fc/65536
100(1/16) fc/512 fc/2048 fc/8192 fc/131072
(2) Upeounters (UCO and UCL)

These are 8-bit binary counters) which count up the input clock pulses for the
clock specified by TAOIMOD.

The input clock for-UCO0-is selectable and can be either the external clock input
via the TAOIN pin or one of the three internal clocks ¢T1, $T4 or ¢T16. The clock
setting is specified by the value set in TAOIMOD<TA01CLK1:0>.

The input clock for UC1 depends on the operation mode. In 16-bit timer mode,
the overflow output from UCO is used as the input clock. In any mode other than
16-bit-timer mode, the input clock is selectable and can either be one of the internal
clocks ¢T1, $T16 or ¢T256, or the comparator output (The match detection signal)
from TMRAO.

For each interval timer the timer operation control register bits TAOIRUN
<TAORUN> and TAO1RUN<TA1RUN> can be used to stop and clear the up

counters and to control their count. A reset clears both up counters, stopping the
timers.

Note: TMR45 and TMR67 can be selected low-frequency clock(fs) instead of external clock input.
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(3) Timer registers (TAOREG and TA1REG)

These are 8-bit registers, which can be used to set a time interval. When the
value set in the timer register TAOREG or TAIREG matches the value in the
corresponding up counter, the comparator match detect signal goes active. If the
value set in the timer register is O0OH, the signal goes active when the up counter
overflows.

TAOREG has a double buffer structure, making a pair with the register buffer.

The setting of the bit TAOIRUN<TAORDE> determines whether TAOREG’s
double buffer structure is enabled or disabled. It is disabled if <TAORDE> = “0” and
enabled if <TAORDE> = “1".

When the double buffer is enabled, data is transferred from the register buffer to
the timer register when a 2» overflow occurs in PWM mode, or at the start of the
PPG cycle in PPG mode. Hence the double buffer cannot be used in timer mode.

(When using the double buffer, method of renewing timer register is only
overflow in PWM mode or frequency agreement in PPG mode.)

A reset initializes <TAORDE> to “07, disabling the double buffer. To use the
double buffer, write data to the timer register, set <TAORDE> to“1”} and write the

following data to the register buffer. Figure 3.13.5 shows the configuration of
TAOREG.

| Timer registers 0 (TAOREG) |

AN
B (_C:(:: Matching detection PPG cycle
Shift trigger 2" overflow of PWM
Selector
| Register buffer 0 | S A Write to TAOREG
Write
2 Internal data‘bus 2 TAQIRUNGTAORDE>

Figure 3.13.5 Configuration of timer register (TAOREG)

Note: The same memory address is allocated to the timer register and the register buffer 0. When <TAORDE> = “0”,
the’'same value is written to the register-buffer 0 and the timer register; when <TAORDE> =“1", only the register

buffer 0.is written to.

92CF29A-277 2009-06-11



TOSHIBA TMP92CF29A

(4) Comparator (CP0O, CP1)

The comparator compares the value in an up counter with the value set in a
timer register. If they match, the up counter is cleared to “0” and an interrupt
signal INTTAO or INTTA1) is generated. If timer flip-flop inversion is enabled, the
timer flip-flop is inverted at the same time.

Note: If a value smaller than the up-counter value is written to the timer register while'the timer is counting up, this will
cause the timer to overflow and an interrupt cannot be generated at the expected time. (The value in the timer
register canbe changed without any problem if the new value is larger than the up-counter value.) In 16-bit
interval timer mode, be sure to write to both TAOREG and TA1REG in this order (16 bits in total), The compare

circuit will not function if only the lower 8 bits are set.

(5) Timer flip-flop (TA1FF)

The timer flip-flop (TA1FF) is a flip-flop inverted by the match detect signals
(8-bit comparator output) of each interval timer.

Whether inversion is enabled or disabled is determined by the setting of the bit
TA1FFCR<TA1FFIE> in the timer flipsflops-control register. A reset clears the
value of TA1FF to “0”. Writing “01” or “10” to TAIFFCR<TA1FFC1:0> sets TA1FF
to “0” or “1”. Writing “00” to these bits inverts the value of TA1FF. (This is known
as software inversion.)

The TA1FF signal is output via the TAIOUT pin. When' this pin is used as the
timer output, the timer flip-flop should be set beforehand using the port function
registers.

The condition for TAIFF inversion varies with. mode as shown below

8-bit interval timer mode ~UCO0.matches TAOREG or UC1 matches TAIREG
(Select either one of the two)

16-bit interval timer mode UCO0 matches TAOREG or UC1 matches TAIREG

80bit PWM mode : UCO matches TAOREG or a 2" overflow occurs

8-bit PPG mode : UCO matches TAOREG or UCO matches TAIREG

Note: If an inversion by the match-detect signal and a setting change via the TMRAL1 flip-flopcontrol register occur

simultaneously, the resultant operation varies depending on the situation, as shown below.
. If an inversion bythe match-detect signal and an inversion via the register occur simultaneously, the
flip-flop will-be inverted only once.
. If an inversion by the match-detect signal and an attempt to set the flip-flop to 1 via the register occur
simultaneously, the timer-flip-flop will be-set to 1.
. If an inversion by the match-detect signal and an attempt to clear the flip-flop to O via the register occur
simultaneously the flip-flop will be cleared to 1.

Be sure to stop the timer before changing the flip-flop inversion setting.

If the setting is changed while the timer is counting, proper operation cannot be
obtained.
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3.13.3 SFR
TMRAO1 RUN Register
7 5 4 3 2 1 0
TAO1R