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TOSH'BA TMP91FW60

CMOS 16 Bit Microcontroller

TMP91FWG60FG/DFG

Product No ROM RAM Packagée
' (Flash ROM) o
TMP91FW60FG LQFP100-P-1414-0,50F
128K bytes 8K bytes
TMP91FW60DFG QFP100-P-1420-0.65A

1.1 Features

 High-speed 16-bit CPU (900/L1 CPU)
Instruction mnemonics are upward-compatible with TL.CS=900,900/H,900/L

16 Mbytes of linear address space
General-purpose registers and register banks

16-bit multiplication and division instructions; bit'transfer and arithmetic instructions
- Micro DMA: 4 channels (800ns/2 bytes at 20MHz)
» Minimum instruction execution time:200ns (at,20MHz)
e Built-in memory
- ROM:128K bytes (Flash ROM)
- RAM:8K bytes
 External memory expansion
- Expandable up to 16 Mbytes-(shared-program/data.area)
- Can simultaneously support 8/16-hit width external data bus

Dynamic data bus/Syzing
* 8-bit timers: 6 channels
* 16-bit timers: 5 channgls
* General-purpose Seriakinterface: 5 channels
- UART/Synchroneus mode: 3 channels
- 12C bus'mode: 2 channels

* 10-bit AD converter(Built-in Sample-hold cireuit): 16 channels
* Speciaktimer for CLOCK

This product uses the Super-Flash® technology under the licence of Silicon Storage Technology, Inc. Super Flash® is registered trademark of Silicon Storage
Technology, Inc.

20070701-EN

 The information-contained herein is(subject to change without notice.

» TOSHIBA-is-continually working to.improve the-quality and reliability of its products. Nevertheless, semiconductor devices in general can
malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress. It is the responsibility of the buyer, when
utilizing TOSHIBA products, to comply with the standards of safety in making a safe design for the entire system, and to avoid situations
in which a malfunction or failure of such TOSHIBA products could cause loss of human life, bodily injury or damage to property.

In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as set forth in the most
recent TOSHIBA products specifications. Also, please keep in mind the precautions and conditions set forth in the “Handling Guide for
Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability Handbook” etc.

» The TOSHIBA products listed in this document are intended for usage in general electronics applications (computer, personal equip-
ment, office equipment, measuring equipment, industrial robotics, domestic appliances, etc.). These TOSHIBA products are neither
intended nor warranted for usage in equipment that requires extraordinarily high quality and/or reliability or a malfunctionor failure of
which may cause loss of human life or bodily injury (“Unintended Usage”). Unintended Usage include atomic energy control instruments,
airplane or spaceship instruments, transportation instruments, traffic signal instruments, combustion control instruments, medical instru-
ments, all types of safety devices, etc. Unintended Usage of TOSHIBA products listed in this document shall be made at the customer's
own risk.

* The products described in this document shall not be used or embedded to any downstream products of which manufacture, use and/or
sale are prohibited under any applicable laws and regulations.

» The information contained herein is presented only as a guide for the applications of our products. No responsibility is assumed by
TOSHIBA for any infringements of patents or other rights of the third parties which may result from its use. No license is granted by impli-
cation or otherwise under any patents or other rights of TOSHIBA or the third parties.

« Please contact your sales representative for product-by-product details in this document regarding RoHS compatibility. Please use these
products in this document in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled sub-
stances. Toshiba assumes no liability for damage or losses occurring as a result of noncompliance with applicable laws and regulations.
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TOSH'BA TMP91FW60

» Watchdog timer
» Program patch logic: 6 banks
* Chip select/wait controller: 4 channels
* Interrupts: 57 interrupts
- 9 CPU interrupts: Software interrupt instruction and illegal instruction
- 36 internal interrupts: 7 priority levels are selectable
- 12 external interrupts: 7 priority levels are selectable (among 1 interrupts are.selectable edge mode)
* Input/output ports: 83 pins
« Standby function: Three HALT modes: IDLE2 (Programmable), IDLEL/and’STOP
* Clock controller
- Clock gear function: Select a High-frequency clock fc/1 to f¢/16
- Oscillator for CLOCK (fs = 32.768 kHz)
 Operating voltage
Flash read operation
> Vcee=4.5V - 5.5V (fc max = 20MHz)
Flash write/erase operation

>Vce=4.75V - 5.25 V (fc max = 20MHz)
» Package
- LQFP100-P-1414-0.50F (TMP91FWBOFG)
- QFP100-P-1420-0.65A (TMP91FWG6ODFG)
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TMP91FW60

TOSHIBA

1.2 Pin Assignment Diagram
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Figure-1-1 Pin Assignment(TMP91FW60FG)
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Figure 1-2 Pin Assignment(TMP91FW60DFG)
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TOSHIBA TMP91FW60
1.3 Block Diagram
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Figure 1-3 Block Diagram
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TOSH'BA TMP91FW60

1.4 Pin Names and Functions

Table 1-1 Pin Names and Functions(1/3)

Pin Pin In[;)ut Function
Name Number unctions
Output
P00-PO7 8 10 Port 0: I/O port that allows 1/O to be selected at the bit level
ADO-AD7 10 Address data (Lower): 0 to 7 address/data bus
P10-P17 10 Portl: I/O port that allows 1/O to be selected at the bit level
AD8-AD15 8 10 Address data (Upper): 8 to 15 of address/data bus.
A8-A15 (e} Address: 8 to 15 of address bus
P20-P27 10 Port 2: 1/0 port that allows 1/0 to be selected at the bit-level
AO0-A7 8 o} Address: 0 to 7 of address bus
A16-A23 o Address: 16 to 23 of address bus
PZ0 1 o} Port Z0: Output port
RD (e} Read:Strobe signal for reading extefnal memaory
PZ1 1 (0] Port Z1: Output port
WR (e} Write: Strobe signal for writing data-topins ADO to AD7
pPz2 1 10 Port Z2: 1/0 port (with pull-up resister)
HWR o High write: Strobe signal*forwriting data to pins AD8 to AD15
Pz3 1 10 Port Z3: 1/0 port (with pull-up-resistor)
RIW (0] Read/Write: 1/represents Read or Dummy cycle; 0 repfesents/Write cycle.
P30 10 Port 30: 1/O port
TB3INO 1 | 16-bit timer-3.input 0:Timer B3 count/capture trigger Input 0
INT3 | Interrupt, Request|Pin 3: Interrupt request pin Wwith pragrammable rising edge / falling edge.
SDAO 10 Serial bus interface data 0 in 12C bus Mode.
P31 10 Port 31:4/Q port
TB3IN1 1 | 16-hit timer 3 input 1:Timer B3 count/capture trigger Input 1
INT4 | Interrupt Request Pin 4: Interrupt request,on rising edge
SCLO 10 Serial bus interface clock 07in-12C-bus Mode.
P32 10 Port 32: 1/0 port
WAIT 1 | Wait: Pin used'to request/CPU/bus wait (1 N) wait mode)
TB30OUTO (0] 16-bit timer 3 output-0: Timer-B3 Output 0
P33 1 10 Port 33:.1/0O-port
TB30OUT1 (0] 16-bit timer 3 output 1: Timer B3 Output 1
P40 10 Port40: 1/0 port (with pull-up resistor)
CSO0 1 (e} Chip Select 0: Outputs 0 when address is within specified address area
SCOouUT (0] System Clock Output: Outputs fgyg or fs clock.
P41 10 Port 41: 1/O port (with pull-up resistor)
Cs1 1 (0] Chip Select 1: Outputs 0 when address is within specified address area
TXD2 o} Serial/Send Data 2
P42 10 Port 42: 1/0 port (with pull-up resistor)
Cs2 1 (0] Chip Select 2: Outputs 0 when address is within specified address area
RXD2 | Serial Receive Data 2
P43 10 Port 43: 1/0 port (with pull-up resistor)
CS3 1 o Chip Select 3: Outputs 0 when address is within specified address area
SCLK2 10 Serial Clock 1/0 2
CTS2 | Serial Data Send Enable 2 (Clear to Send)
P44 1 10 Port 44: 1/0 port (with pull-up resistor)
ALE (0] Address Latch Enable
P50-57 s 10 Port 5: 1/0 port
ANO-AN7 | Analog input: Pin used to input to AD converter
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TOSH'BA TMP91FW60

Table 1-1 Pin Names and Functions(2/3)

) ) Input
Pin Pin .
/ Functions
Name Number
Output
P60-67 a 10 Port 6: I/0O port
AN8-AN15 | Analog input: Pin used to input to AD converter
P70 1 10 Port 70: 1/0 port
TAOIN | 8-bit timer O input: Timer AO Input
P71 1 10 Port 71: 1/0 port
TA1OUT (0] 8-bit timer 1 output:Timer A1 Output
P72 1 10 Port 72: 1/0 port
TA30UT o 8-bit timer 3 output:Timer A3 Output
P73 1 10 Port 73: 1/0 port
TA4IN | 8-bit timer 4 input: Timer A4 Input
P74 1 10 Port 74: 1/0 port
TA50UT (0] 8-bit timer 5 output: Timer A5 Output
P75 1 10 Port 75: 1/0 port
INTO | Interrupt Request Pin 0: Interfupt request pin with programmable level /rising-€dge / falling edge.
P80 10 Port 80: 1/0 port
TBOINO 1 | 16-bit timer 0 input 0:Fimer-BO-count/capture trigger Input.0
INT5 | Interrupt Request(Pin 5:.nterrupt request pin with programmable rising edge / falling edge.
P81 10 Port 81: 1/0 port
TBOIN1 1 | 16-bit timer O-input 1:Timer BO count/capture triggerinput 1
INT6 | Interrupt-Request Rin-6: Interrupt request on rising edge
P82 1 10 Port 82: 1O port
TBOOUTO O 16-bit timer 0 output O: Timer BO Output 0
P83 1 10 Port 83: /O port
TBOOUT1 O 16-bit-timet O output 1: Timer BOxQuiput 1.
P84 10 Port 84: 1/0 port
TB1INO 1 | 16-bit timer 1 input 0:Times B1 count/capture trigger Input O
INT7 | Interrupt Request Pin 7; Interrupt request pin with programmable rising edge / falling edge.
P85 10 Port 85: I1/0 port
TB1IN1 1 | 16-bittimer 1 input-1:Fimer, B1 count/capture trigger Input 1
INT8 | Interrupt'Request Pin 8: Tnterrupt request on rising edge
P86 " 10 Port 86: 1/0 port
TB1OUTO (e} 16-hittimer 1 output 0: Timer B1 Output 0
P87 3 10 Port 87: 1/0 port
TB1OUTT e} 16=hit timer,1 output 1: Timer B1 Output 1
P90 1 10 Port 90: 1/0 port
TXDO O Serial’'Send Data 0
P9Il 1 10 Port 91: 1/0 port
RXDO | Serial Receive Data 0
P92 10 Port 92: 1/0 port
SCLKO 1 10 Serial Clock I/0 0
CTSO | Serial Data Send Enable 0 (Clear to Send)
P93 1 10 Port 93: 1/0 port
TXD1 (e} Serial Send Data 1
P94 1 10 Port 94: 1/0 port
RXD1 | Serial Receive Data 1
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TOSH'BA TMP91FW60

Table 1-1 Pin Names and Functions(3/3)

) ) Input
Pin Pin .
/ Functions
Name Number
Output
P95 10 Port 95: 1/0 port
SCLK1 1 10 Serial Clock I/0 1
CTS1 | Serial Data Send Enable 1 (Clear to Send)
P96 1 10 Port 96: 1/0 port
XT1 | Low-frequency oscillator connection pin
P97 1 10 Port 97: 1/0 port
XT2 (0] Low-frequency oscillator connection pin
PAO 10 Port AO: 1/O port
TB2INO 1 | 16-bit timer 2 input O:Timer B2 count/capture triggerinput-0
INT1 | Interrupt Request Pin 1: Interrupt request pin with_programmable rising edge falling edge.
PA1 10 Port Al: 1/O port
TB2IN1 1 | 16-bit timer 2 input 1:Timer B2 couht/capture.trigger Input 1
INT2 [ Interrupt Request Pin 2: Interrupt request on rising edge
PA2 1 10 Port A2: 1/0 port
TB20OUTO (0] 16-bit timer 2 output O: Timrer B2 Output,0
PA3 1 10 Port A3: 1/0 port
TB20UT1 O 16-bit timer 2 output 1=Timer B2 Output 1
PBO 10 Port BO: 1/O port
TB4INO 1 | 16-bit timer 4.input O:Timer B4 count/capture-trigger Input O
INT9 | Interrupt Request-Pin 9: Thterrupt request pin with-pragrammable rising edge / falling edge.
SDA1 10 Serial hus interface.data 1 in 12C bus Mode.
PB1 10 Port B1: 1O port
TB4IN1 1 | 16-bit,timer 4 input 1:Timer B4 count/capture trigger Input 1
INT10 | Interrupt' Request Pin 10: Interrupt.request on rising edge
SCL1 10 Serial bus interface clock 1 in }2C bus Mode.
PB2 1 10 Port B2: 1/0 port
TB4OUTO o 16-hit timer 4 output 0: Timer B4-Qutput 0
PB3 4 10 Port B3: 1/Q’part
TB4OUT1 O 16-bit timer 4 eutput 1:TimerB4 Output 1
NIV 1 I Non-Maskable Interrupt Request Pin: Interrupt request pin with programmable falling edge or both
edge.
AMO-1 2 | Operation mode:Fixed to AM1 "1", AMO "1".
EMUO-1 2 (0] Set'to Open pins
RESET 1 | Reset: initializes TMP91FW60. (with pull-up resistor)
VREFH 1 | Pin for reference voltage input to AD converter
AvVCC 1 Power supply pin for AD converter
AVSS 1 GND pin for AD converter (0 V)
X1/X2 2 10 High frequency oscillator connection pins
DvCC 3 Power supply pins (All DVCC pins should be connected with the power supply pin.)
DVSS 3 GND pins (0 V) (All DVSS pins should be connected with the GND (0V) pin.)

Note: All pins that have built-in pull-up resistors (other than the RESET pin) can be disconnected from the built-in pull-up
resistor by software.
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TOSH'BA TMP91FW60

2. CPU

The TMP91FW60 incorporates a high-performance 16-bit CPU (The 900/L1-CPU). For CPU operation, see the
"TLCS-900/L1 CPU".

The following describe the unique function of the CPU used in the TMP91FW60; these functions are not covered
in the TLCS-900/L1 CPU section.

2.1 RESET

When resetting the TMP91FW60 microcontroller, ensure that the power supply-voltage is within the operating
voltage range, and that the internal high-frequency oscillator has stabilized. Then hold the RESET input to low level
at least for 10 system clocks (1us at 20 MHz).

Thus, when turn on the switch, be set to the power supply voltagelis within the operating \voltage-range, and that
the internal high-frequency oscillator has stabilized. Then hold the RESET input to Low lgvel at least‘for 10 system
clocks.

It means that the system clock mode fgy g is set to fc/2.

When the reset is accept, the CPU:
1. Sets as follows the program counter (PC) in accardance with the reset vectar'stored

at address FFFFOOH to FFFFO2H:
- PC (7:0) <- Value at FFFFOOH address
- PC(15:8) <- Value at FFFFO1H address
- PC (23:16) <- Value at FFFFO2H address

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

3. Sets bits<IFF2:0> of the status/fegister (SR) to 111 (Setsdhe interrupt level mask register to level 7).
4. Sets the <MAX> bit of the status register (SR) to 1 (MAX-mode).

5. Clears bits<RFP2:0> of the status\register (SR) to 000(Sets.the register bank to 0).

When reset is released;\the CPU starts executing instructions in accordance with the program counter settings.
CPU internal registefs not’mentioned above d0not change when the reset is released.

When the reset is accepted, the CPU sets-internall/Q, ports, and other pins as follows.

1. Initializes the internal 1/O registers.

2. Sets the portpins, including the pins that also-act as internal 1/0, to general-purpose input or output
portmade,

3..Sets ALE pin to high impedance:

Note-1:-The €PU internal register (except to/PC, SR, XSP in CPU) and internal RAM data do not change by resetting.
Note 2: It is necessary to re-set up a stack pointer XSP by the user program.

Figure 2-1 is a reset timing chart.of the TMP91FW&60.
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Figure 2-1 TMP91FWG60 Reset Timing Chart
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2.2

Memory Map

Figure 2-2 is a memory map of the TMP91FWG60.

000000H

000100H

001000H

003000H

010000H

FEOOOOH

FFEFQOH
FFFFFRH

Internal 1/0
(4 Kbytes)

Internal RAM
(8 Kbytes)

External memory

F

Direct area

(n)

64 Kbyte area
(hn)

N

Sl 22'5%%{(

16-Mbyte area
(R)
(-R)
(R+)
(R + R8/16)
(R + d8/16)
(nnn)

(:lzlnternal area)

Figure 2-2 TMP91FW60 Memory Map
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2.3 System Clock Function and Standby Control

TMP91FWB60 contains a clock gear, stand-by controller and noise-reduction circuit. It is used for low-noise sys-

tems.

The clock operating modes are as follows: (a) Single clock mode (X1 and X2 pins only), (b) Dual clock mode
(X1,X2,XT1 and XT2 pins).

Figure 2-3 shows a transition figure.

Reset
(fosch/2)

IDLE2 mode
(I/O operate)

Release

Interrupt

Instruction

IDLE1 mode

(Operate only oscillator)

NORMAL mode

Instruct ion

STOP’mode

_Interrupt

(foscH/gear value/2)

j&——— |
Interrupt

{Stops All circuits)

(a) Single clock mode transition figure

Reset
(fosch/2)

IDLE2 mode
(I/O operate)

n i Retease

Instructio
W

Instruction

IDLE1 mode

(Operate only oscillator)

NORMAL mode
(foscH /geaf value/2)

nstruction
Interrupt

IDLE2 mode
(I/O operate)

A

I nsftr Uedion

Interrupt

Instructio

IDLE1 mode

(Operate only oscillator)

SLOW-mode
(fs/2)

Interrupt

Instruction

STOP mode
(Stops/All circuits)

N
Interrupt

Instrustion

(b) Dual clockimode transition figure

Figure(2-3< TMP91FW60 Clock Operating Mode

Note: The clock frequency input from the X1 and X2 pins is called-fggcp and the clock frequency input from the XT1 and
XT2 pins is called fs:.The clock-ffequency selected by SYSCR1<SYSCK> is called fzpy. The system clock fgygis
defined as the/divided cloek-of fepy, and @ne.cycle of f4ys Is)regret to as one state.
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2.3.1 Block Diagram of System Clock

SYSCRO<WUEF>
SYSCR2<WUPTM1:0>
= ’ : SYSCRO
> arm-up timer 2 S
—>| (for high/low frequency oscillator) RREKL

Mg ™
fc/16 =4
SYSCRO

fep

<XTEN, RXTEN> > fs
|
XT1 [—{tow- s FPH
frequency
XT2 D—oscillator fSYS
fc >
fe/2 5
feld >
SYSCRO fo/8 v SYSECR1<SYSCK>
<XEN, RXEN> fc/;@
X1 l— High-
frequency SYSCR1<GEAR2:0>
X2 D—oscillator foscH Clock gear

fsys > CPU
TMRAO1to TMRA45
70 > ;@ St
H > \RAM
TMRBO toTMRB4 Iptérrupt
> - control ler
> Prescaler
WDT
I [
N > 1/O port
SI0Q to SI02
2 1 —>  ADC
>Prescaler —
I T
SBIO te.SBIt
> Prescaler
[
RTC
f Binary,
S >
S | SYSCR2<SCOSEL>
P40

fsvs

Figure 2-4 Block Diagram of System Clock
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2.3.2 SFR

Table 2-1 SFR for System Clock

7 6 5 4 3 2 1 0
Bit Symbol XEN XTEN RXEN RXTEN RSYSCK WUEFR PRCK1 -
Read/Write R/W -
After reset 1 0 1 0 0] 0 0 -
Warm-up
timer control
High | Low Sortare
SYSCRO High Low frequency frequency Sélects 1 Write:
(00EOH) 9 oscillator oscillator clock after ) Select pres-
frequency frequency Start warm-
) . . (fc) after (fs) after release of calerelock
Function oscillator oscillator up .
release of release Of STOP mode 0ifrpH
0:Stop 0:Stop 0 Read:
L L STOP mode | STOP mode,| O:fc 1:fc/16
1:Oscillation | 1:Oscillation End warm=
0:Stop 0:Stop. 1:fs "
L:Oscillation | 1{0scilation P
1 Read:
Do’notend
warm-up
Bit Symbol - - - 5 SYSCK GEAR?2 GEAR1 GEARO
Read/Write — — = - R/W
After reset - - - - 0] 0 0 0
Select gear value of high frequency (fc)
SYSCR1 000:fc
1:fc/2
(0OE1H) Select sys- 001:fc/
tem clock 010:fc/4
Function - I - = 0 fc 011:fc/8
’ 100:fc/16
1:fs
101:reserved
110:reserved
111:reserved
Bit Symbol — SCOSEL WUPTM1 WURTMO HALTM1 HALTMO — DRVE
Read/Write f RIW - R/W
After reset < 0 1 0 1 1 - 0
SYSCR2 Select warm-up time for Pin state
(00E2H) Select oscillator HALT mode control in
SCouUT 00:218/inputted frequency 00:reserved STOP mode
Function - . 8 01:STOP mode - 0: 1/0 off
0:fs 01:2%/inputted frequency .
1 14, 10:IDLE1 mode 1: Remains
“SYS 10:2*"/inputted frequency 11:IDLE2 mode the state
11:2%8/inputted frequency before HALT
Note 1:—"-"=Don'’t care

Note2: SYSCRO<bit0>,SYSCR1<bit 7:4>,SYSCR2<bit7,bit1> are read as undefined value.
Note 3:_As for the serial channels SI00, SIO1 and SIO2, a baud rate generator is unavailable as an input clock of an I/O interface
and a clock for a serial transfer if a prescaler clock is set to fc/16 when SYSCRO<PRCK1> is "1".
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2.3.3 System Clock Controller

The system clock controller generates the system clock signal (fgys) for the CPU core and internal 1/0.1t
contains two oscillation circuits and a clock gear circuit for high-frequéncy (fc) operation. The register
SYSCR1<SYSCK> changes the system clock to either fc or fs, SYSCRO<XEN>and SYSCRO<XTEN> con-
trol enabling and disabling of each oscillator, and SYSCR1<GEAR2:0> sets the high-frequency clock gear to
either 1, 2, 4, 8 or 16 (fc, fc/2, fc/4, fc/8 or fc/16). These functions can reduce the power consumption of the
equipment in which the device is installed.

The combination of settings <XEN> ="1", <XTEN> = "0", <SY.SCK> =/'0"/and <GEAR2:0> = "000" will
cause the system clock (fsys) to be set to fc/2 (=fc x 1/2) after a Reset. For.example, fsyg is set to 8 MHz when

the 16 MHz oscillator connected to the X1 and X2 pins.
(1) Switching from NORMAL mode to SLOW mode

When the resonator is connected to the X1 and X2 pins;.or.to the' XT1 and XT2pins, the-warm-up timer
can be used to change the operation frequency after stable oscilfation has been attained:

The warm-up time can be selected using SYSCR2<WUPTM1:0>.

This warm-up timer can be programmed to start and.stop as shown in the-folowingexamples 1 and 2.

Table 2-2 shows the warm

-up time.

Note 1: When using an oscillator (other than a resaonator).with stable oscillation;-a warm=ap timer is not needed.
Note 2: The warm-up timer is operated by an-oscillation clock. Hence, there may be)some variation in warm-up

time.

Note 3: Note of using low-frequency oscillator
When connect low-frequency-escillator.to ports 96 and 97, need below setting for cut consumption power.

(Case of resonators)

Set POCR<P96C, P97C>="11", P9<P96:97> = "00"

(Case of oscillator)

Set POCR<P96C, P97C> = "11", P9<P96:97>="

Table 2-2 “Warm-up Timés (when changing_clock)

10"

Ssyesli;c;?f\l,r\,t;ﬁ,\;?; Change to NORMAL (fc) Change to SLOW (fs)
01(28/frequengy) 12.8[us}] 7.8[ms]
10(2/frequency) 0.819[ms] 500[ms]
11(216/frequency) 3.277[ms] 2000[ms]
00(2%8/frequency) 13.107[ms] 8000[ms]

Note: At fogcy=20MHz, s=82.768kHz
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Example 1:

Changing from high frequency (fc) to low frequency (fs).

SYSCRO  EQU
SYSCR1  EQU
SYSCR2  EQU
LD
SET
SET
WUP: BIT
JR
SET
RES

OOEOH
O0OE1H
00EZ2H

(SYSCR2),X-11--X-B

6,(SYSCRO)
2,(SYSCRO)
2,(SYSCRO)
NZ,WUP

3,(SYSCR1)
7,(SYSCRO)

Note: X: Don't care, -:No change

<XEN>

X1 and X2 pins
<XTEN>

XT1 and XT2 pins

Warm-up timer
End of warm-up timer

<SYSCK>

System clock fsyg

3

Sets warm-up timé 16,2%fs.
Enables low=fregquency ascillation.

Clears and\starts warm-up timer.
DeteCts, stopping of warm-up timer.

Changesfsys from fc to fs.

Disables high-frequenéy-oscillation,

|

—AANNNNNINANINNNINNSNSN

Counts upiby fsys

\

\ / Counts-up_by'fs \\

)]
|
|
T
|
|

fe

1/
(| /%

VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAT ANV NV NN

|
v
Enables

low-frequency

v

Clears and starts

warm-up_timer

[

:I |

4 \4

| Chages fgys Disabiles

| from fc to fs high-frequency
v

End of warm-up timer

Figure 2-5 Changing-from high frequency (fc) to low frequency (fs)
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Example 2:

Changing from low frequency (fs) to high frequency (fc).

SYSCRO EQU 00EOH
SYSCR1 EQU O0OE1H
SYSCR2 EQU 00E2H
LD (SYSCR2),X-10--X-B ;  Sets warm-up time'to 2%4/fc.
SET 7,(SYSCRO) ;  Enables high-frequeney oscillation.
SET 2,(SYSCRO) ; Clears and starts warm-up timer.
WUP: BIT 2,(SYSCRO)
Detects stopping of warm-up timer.
JR NZ,WUP
RES 3,(SYSCR1) ;. Changes fsys from fs to fc
RES 6,(SYSCRO) ;__ Disables/low-frequency oscillation:

Note: X: Don't care, -:No change

/L

X1 and X2 pins

<XEN> /
!
]
I
I
|
|
I
|

<XTEN> \
XT1 and XT2 pin2 ;
I
I
oy I
Warm-up timer Counts (pbyfsys \ / \\ Counts up byifc
End of warm-up timer }[ ‘: / :
. H / 1 l
<SYSCK> : ! fs E \ fc i
System clock fsys A\ WANYAWANY/Z2.A\ViANVAVAVAVAVAVAVAVAV
! : A
v ¥ ] v |
Enables Clears and-starts | Changes fgys
I
}

from fs to] fc

A v
End of warm-up Disables
timer low-frequency

high-frequensy warm-up—timer

Figure 2-6 Changing from low frequency (fs) to high frequency (fc)

(2) Clock gear controller

When the high-frequeney clock fc is selected by setting SYSCR1<SYSCK> ="0", fgpy is set according

to the contents of the clock gear select register SYSCR1<GEAR2:0> to either fc, fc/2, fc/4, fc/8 or fc/16.
Using the clock gear to select a lower value of fgpy reduces power consumption.

Below show example of changing clock gear.
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Example 3:

Changing to a clock gear

SYSCR1 EQU 00E1H
LD (SYSCR1),XXXX0000B ; Changes fgyg to fe/2.

X:Don’t care
(Clock gear changing)

To change the clock gear, write the register value to the SYSCRI<GEARZ2:0> register. It is necessary the
warm-up time until changing after writing the register value.

There is the possibility that the instruction next to the clogck-gear changing instructiomis executed by the
clock gear before changing. To execute the instruction next t@ the clockigear switching-instruction by the clock
gear after changing, input the dummy instruction as follows (instruction to execute the write cycle).

SYSCR1 EQU OOE1lH
LD (SYSCR1),XXXX0000B— ~; Changes fgyg/to’fc/2.
LD (DUMMY),00H ; 7 Dummy instruction

Instruction to be executed aftef clock-gear has changed!

(3)Internal clock output

The fgys or fs internal clock can-be driven out from the PA6/SCOUT pin.

The P40/SCOUT pin is configured as SCOUT (System clock output) by programming the port 4 regis-
ters as follows: PACR<P40C>-=/"1" and P4FC<R40F>\= "1". The output clock is selected through the
SYSCR2<SCOSEL>it,

Table 2-3-shows ‘the-pin/states in each clogcking mode when the P40/SCOUT pin is configured as
SCOUT;

Table 2-3 SCOUT Output States

HALT mode
NORMAL SLOW
IDLE2 IDLE1 STOP
<SCOSEL>="0" The fs clock is driven out. HOLD at either "1"
<SCOSE[>="1" The feys\clock is driven out. or "0"

2.3.4 Prescaler Clock Controller

For the internal 1/0 (TMRAOL to TMRA45, TMRBO to TMRB4, SIO0 to SIO2, SBI0, SBI1) there is a
prescaler which can divide the clock.

The ¢ TO clock input to the prescaler is either the clock frpy divided by 2 or the clock fc/16 divided by 4.
The setting of the SYSCRO<PRCK1> register determines which clock signal is input.
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2.3.5 Runaway provision with SFR protection register

(Purpose)
Provision in runaway of program by noise mixing.

Write operation to specified SFR is prohibited so that provision program in’runaway prevents that it is it in
the state which is fetch impossibility by stopping of clock, memory control register)(CS/WAIT controller) is
changed.

Specified SFR list

1. CS/WAIT controller
BOCS, B1CS, B2CS, B3CS, BEXCS,
MSARO, MSAR1, MSAR2, MSARS3,
MAMRO, MAMR1, MAMR2, MAMR3

2. Clock gear (write enable only EMCCR1)
SYSCRO, SYSCR1, SYSCR2

(Block diagram)

Protect register
EMCCRO<PROTECT>

Write except “1FH” to EMCCR1 > : L
Write “IFH" to ENCRTS Q Write/signal to specified SFR
R
Write-signal fo SFR Write signal to other SFR

(Setting method)

If writing except/' YFH"-code to EMCCR1.register; it become protect ON. By this operation, write operation
to specified SFRis disabling.

If writing "1FH" to EMCCRL register,.it become protect OFF. State of protect can to confirm by reading
EMCCRO<LPROTECT>.

Table 2-4 SFRforEMCCR

7 6 5 4 3 2 1 0
Bit Symbol PROTECT - - - - - - -
Read/Write R R/W
EMCCRO After reset 0 0 1 0 0 0 1 1
(O0E3H)
Protect flag
Function 0: OFF Write "0". Write "1". Write "0". Write "0". Write "0". Write "1". Write "1".
1: ON
Bit Symbol
EMCCR1 Read/Write Protect OFF by writing "1FH".
(00E4H) After reset Protect ON by writing except "1FH".
Function

Page 19 2007-10-15



TOSHIBA

TMP91FW60

2.3.6 Standby Controller

(1))HALT modes

When the HALT instruction is executed, the operating mode switches to~IDLE2, IDLE1 or STOP mode,
depending on the contents of the SYSCR2<HALTM1:0> register.

The subsequent actions performed in each mode are as follows:
1. IDLE2: Only the CPU halts.

The internal 1/O is available to select operation during IDLE2 mode by-setting the following register.

Shows the registers of setting operation during IDLE2 mode.

Table 2-5 SFR Setting Operation during IDLE2 Mode

Internal I/O SFR Internal 1/O SER
TMRAO1 TAO1RUN<I2TAO01> SIO0 SCOMOD1<I2S0>
TMRA23 TA23RUN<I2TA23> SI01 SCIMOD1<12S1>
TMRAA45 TA45RUN<I2TA45> SI02 SC2MOD1<12S2>
TMRBO TBORUN<I2TBO> SB1Q SBIOBR<I2SBIO>
TMRB1 TB1RUN<I2TB1> SBI1 SBI1BR<I2SBI1>
TMRB2 TB2RUNK<I2TB2> AD ADCCR2<I2AD>
TMRB3 TB3RUNK<I2TB3> WDT WDMOD<I2WDT>
TMRB4 TB4ARUN<I2TB4>

. STOP: All internal circuits/stop operating.

. IDLEZX: Only the oscillatorand the RTC (Real time-clock) continue to operate.

The operation of each-of the different HALT maodes is described in Table 2-6.

Table 2-6 1/0 Operation during HALT Modes
HALT mode IDLE2 IDLE1 STOP
SYSCR2<HALTM1:0> 11 10 01
CPU Stop
Keep the state when the HALT instruction was
1/O-port See Table 2-9
executed.
TMRA,TMRB
Block ] RTC Operate enable
SI0.SBI Avallaple to select
operation block
AD
Stop
WDT
Interrupt controller Operate
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(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 between the states of interrupt mask register <IFF2:0> and the HALT
modes. The details for releasing the halt status are shown in Table 2-7.

Released by requesting an interrupt

The operating released from the HALT mode depends on the interrupt’ enabled status. When the inter-
rupt request level set before executing the HALT instruction exceeds the value ofjinterrupt mask register,
the interrupt due to the source is processed after releasing the HALT-mode, and CPU status executing an
instruction that follows the HALT instruction. When the interrupt reguestilevel set before executing the
HALT instruction is less than the value of the interrupt mask-register;-releasing the HALT mode 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 and RTC interrupts, even if the inter-
rupt request level set before executing the HALT instruction-is less-than the value of the interrupt mask
register, releasing the HALT mode is executed. In this case, interrupt processing, and €PU starts execut-
ing the instruction next to the HALT instruction, but the interrupt request flag is-held.at "1™

Note:Usually, interrupts can release all halts status. However, the/interrupts (m, INTO, INTRTC) which.can release
the HALT mode may not be able to do so if they are input'during’the period CPU is_shiftingto'the)HALT mode
(for about 5 clocks of fepy) with IDLE1 or STOP mgde~(IDLEZ is not applicable tothis-case). (In'this case, an

interrupt request is kept on hold internally.) If another_interrupt is generated after it has shifted to HALT mode
completely, halt status can be released without djfficulty-The priority of this interrupt-iS\compared with that of
the interrupt kept on hold internally, and the interrupt withhigher priority is handled first followed by the other
interrupt.

Releasing by resetting
Releasing all halt status is executed-hy resetting.

When the STOP mode is reléased-by RESET, it is necessary enough resetting time (See Table 2-6)to set
the operation of the oscillator to\be stable.

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 "HALF*instruction is executed.)
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Table 2-7 Source of Halt State Clearance and Halt Clearance Operation

. Interrupt Enable Interrupt Disable
Status of Received Interrupt
(Interrupt level) = (Interrupt mask) (Interrupt level) < (Interrupt mask)
HALT mode IDLE2 IDLE1 STOP IDLE2 IDLE1 STOP
NMI ¢ ¢ **1 - - -
INTWDT ¢ X X - -
INTO(Note 1) . ¢ 1 O O 0O#1
3]
s INTRTC . . X 0 x
S
&
G | g | INTLINTIO # (Note 2) X X X X X
Q =1
b1 —
& | & | INTTAO-INTTAS . X X X X X
2| g
(_IU - INTTBO00-40,INTTB01-41 * X X X X X
©
o INTTBOFO-4 ¢ X X X X X
=
8 INTRXO0-INTRX2,TX0-TX2 ¢ X X X X X
n
INTSBIO-1 . X X X X X
INTAD . Pl X X% X X
RESET Initialize LSI

¢ :After clearing the HALT mode, CPU starts interrupt{orecessing.

O:After clearing the HALT mode, 'CPU resumes executing starting/from instruction following the

HALT instruction. (Interrupt routinedon't execute.)

x:It can not be used to release.the HALT mode.

- :The priority level (Interruptrequest level) of non-maskable interrupts is fixed to 7, the highest

priority levelThere is notthis combinationtype.

*1:Releasing-the HALT mode is executed. after passing the warm-up time.

Note 1: When the HALT-mode is cleared.by an INTO interrupt of the level mode in the interrupt enabled status, hold
high level until starting interrupt proeess. If low level was set before interrupt process is stared, interrupt

process is not started correctly.
Note 2;1f.using external interrupt INT1 to INT10%n IDLE2 mode, set 16-bit timer RUN register TBORUN<I2TBO0>,
TBIRUN<I2TB1>, TB2RUN<I2TB2>, TB3RUN<I2TB3>, TB4RUN<I2TB4> to "1".
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Example:Clearing halt state

An INTO interrupt clears the halt state when the device is in IDLE1 mode.

Address I

8203H LD (IIMC), 00H ; Selects INTO interrupt rising-edge
8206H LD (INTEOAD), 06H ; Sets INTO interrupt level to!6!
8209H El 5 ; Sets CPU interrupt level to 5:
820BH LD (SYSCR2), 28H ; Sets HALT mode to IDKEY mode.
820EH HALT ' ; Halts CPU.

|
INTO / \ > INTO. intelrrupt routine

MH
820FH LD XX, XX

(3)Operation
1. 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-CRU stops.

Figure 2-7 illustrates an example of the timing foy'clearance of\the IDLE2 mode halt state by an inter-
rupt.

N A At n eV alal sV Valata¥aWaWavs!

Interript. for
release-halt

] ] ?) |
A0-A23 X E ¢ {
] ] ” |
— | — [} ] | —
ALE /] \/ I H
| ” 1
ADO~AD15. -----(Address)—---( Data)-----(Address) ‘)‘, : (Address)-----( Data )------
— H « H -
i \ / | T \ []
}
WR ; § 5
E « 1 i |
}

|

:<— IDLE2 —>:
| mode 1
| ]

Figure 2-7 Timing,Chart/for IDLE2 Mode Halt State Cleared by Interrupt
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2. IDLE1 mode

In IDLE1 mode, only the internal oscillator and the RTC continue to operate. The system clock in the
MCU stops.

In the halt state, the interrupt request is sampled asynchronously with the system clock; however, clear-
ance of the Halt state (e.g., restart of operation) is synchronous with it.

Figure 2-8 illustrates the timing for clearance of the IDLE1 mode halt state by an interrupt.

S AW AW AW AW AW RWAE W AW AW

|
L
A0~A23 X 0 :
” T
ALE __| 4 ;
” |
|
ADO~AD15 -——-—(Address)—- —-( Data) ‘,‘, 4 (Address)—--——( Data)—--——
|
— « ! -
RD \ / R : \ ,
- { |
WR »” T
& 7 \

Interrupt for '

release halt

IDLE1 mode

>

Figure 2-8 Timing Chart for IDLE1-Mode Halt State Cleared by Interrupt
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3. STOP mode

When STOP mode is selected, all internal circuits stop, including the internal oscillator. Pin status in
STOP mode depends on the settings in the SYSCR2<DRVE> register. Table 2-9 summarizes the state of
these pins in STOP mode.

After STOP mode has been cleared, system clock output starts when the warm-up time has elapsed, in
order to allow oscillation to stabilize. After STOP mode has been cleared, either NORMAL mode or
SLOW mode can be selected using the SYSCRO<RSYSCK> register. Therefore, <SRSYSCK>, <RXEN>

and <RXTEN> must be set. See the sample warm-up times in Table 2-8.

Figure 2-9 illustrates the timing for clearance of the STOP mode halt/state'by an interrupt.

: Wa‘rm—up time
| <—>!
[} [} —
= AW RW AW AW RW AU YR VA Rw AW AW e AW
— [ | { (2
A0~23_X e g
I I
N ! ! N
ALE_ SR <,<,
ADONAD15-----(Address)—---( Data) E 4 E & & (Address)—--—( Data )—————
I ]
L | [ «
& Y N /
WR ARTIRY ’
RNy
Interrupt for LN« ﬁ,_‘)‘)—\
release halt ! J !
'\ S—|
1/STOP |
! mode !

Figure 2-9 Timing Chart fornSTOP Mode Halt State Cleared by Interrupt

Table 2-8 Sample/Warm:rup Times after-Clearahce’ of STOP Mode

<RSYSCK> 01(28) 10(214) 11(216) 00(218)
0(fc) 12.8us 0.819ms 3.277ms 13.107ms
1(fs) 7.8ms 500ms 2000ms 8000ms
Notes. fosch=20MHz, fs=32:768kHz
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Example:
"The STOP mode is entered when the low-frequency operates, and high-frequency operates after releas-
ing due to NMI.

Address
SYSCRO EQU OOEOH
SYSCR1 EQU 00E1H
SYSCR2 EQU 00E2H

8FFDH LD (SYSCR1), 08H . fgys=fs/2
9000H LD (SYSCR2), X-1001X1B  ; Sets warm-up time_to2*/foscH
9002H LD (SYSCRO), 011000 - —B ; Operates hjgh frequency after released.
9005H HALT

H Clears and starts

— . . ]
NMipin |n;£\._ warm-up tdmer

(High fréqueney)

END
NV intelrrupt routine

RETI

9006H LIID XX, XX
]

—: No change

Note:When different modes are used|before and after STOP mode as the aboye mentioned, there is possible to
release the HALT mode without changingthe operation mode by accéptance of the halt release interrupt
request during execution of "HALT “instraction (during 6 state). In the system which accepts the interrupts dur-
ing execution "HALT" instruction, set the same operation.mode before and after the STOP mode.
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Table 2-9 Input/output Buffer State Table
Port Name Input / Output <DRVE>=0 <DRVE>=1
input mode - -
P00-07 output mode - output
ADO-AD7 - <
input mode - -
P10-17 output mode - output
AD8-AD15 - -
P20-27 input mode - -
output mode,A0-A7/A16-A23 - output
PZO(RD),PZ1(WR) output - output
—_— — input mode PU* PU*
PZ2(HWR),PZ3(R/W,
( )PZ3(RIW) output mode PU¥ output
P30-33 input mode = -
output mode - output
input mode PU* PU*
P40-44
output mode PU* output
input mode - B
P50-57 output mode - output
analog input - B
input mode - <
P60-67 output mode - output
analog input -~ -
P70-74 input mode - input
output mode - output
P75 input mode input input
output mode - output
P80-87 input mode - -
outputmode < output
inpatmode - -
P90-97
output mode - output
PAG-AZ input mode - -
output mode - output
PBO-B3 input mode - -
output mode - output
NV input input input
RESET input input input
AMQ,AM1 input input input
X1 input - -
X2 output "H" level output "H" level output

input:

Input for input mode / input pins is invalid; output mode / output pin is at high impedance.

output: Output state

PU:

Input gate in operation. Fix input voltage to "L" or "H" so that input pin stays constant.

Programmable pull-up pin. Input gate disable state. No through current even if the pin is

set high impedance.
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3. Interrupts

Interrupts are controlled by the CPU interrupt mask register SR<IFF2:0> and by the built-in interrupt controller.
The TMP91FWG6O0 has a total of 57 interrupts divided into the following three types:

* Interrupts generated by CPU: 9 sources
(Software interrupts, illegal instruction interrupt)

* Interrupts on external pins (NMI, INTO to INT10): 12 sources
* Internal interrupts: 36 sources

A (fixed) individual interrupt vector number is assigned to each interrupt.
One of six (Variable) priority level can be assigned to each maskable interrupt.
The priority level of non-maskable interrupts are fixed at 7 as/the highest level.

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

The CPU compares the priority level of the interrupt.with the value of the CPU-interrupt mask register <IFF2:0>.
If the priority level of the interrupt is higher than the value-of the interrupt mask register, the CPU accepts the inter-
rupt.

The interrupt mask register <IFF2:0> value_can be-updated using the.value of the El instruction ("EI num" sets
<IFF2:0> data to num).

For example, specifying "EI3" enables\the maskable interrupts which priority level set in the interrupt controller is
3 or higher, and also non-maskable interyupts.

Operationally, the DI instruction (<IFF2:0> "7") is identicalto.the "EI7" instruction. DI instruction is used to dis-
able maskable interrupts because-of the—priority level of maskableinterrupts is 0 to 6. The El instruction is valid
immediately after execution.

In addition to the above ‘general-purpose interrupt processing mode, TLCS-900/L1 has a micro DMA interrupt
processing mode as well. The-CPU can transfer. the data’ (1/2/4 bytes) automatically in micro DMA mode, therefore
this mode is used for.speed-up interrupt processing;.such-as transferring data to the internal or external peripheral 1/
O. Moreover, TMP91FW60.has software start-function.for micro DMA processing request by the software not by
the hardware interrupt.

Figure 3-1 shows the overall interrupt processing flow.
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General-purpose
interrupt
processing

Interrupt processing

Interrupt Yes

specified by micro DMA
start vector?

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

v

PUSH PC
PUSH SR
SR<IFF2:0> < Level of accepted]
interrupt + 1
INTNEST < INTNEST + 1

PC—(FFFFOOH +V) |

7

Interrupt processing
program

v

RETI instruction
POP SR
POP PC
INTNEST < INTNEST — 1

Micro DMA soft start
request

Clear interrupt request flag

v

Data transfer by
micro DMA

v

| Count < Count -1

Count =0
No

Micro DMA processing

Clear yector.register
»| generating micro BMA

transfer and interrupt]
(INFTCO-t0INTTC3)

J

4

End

Figure 3-1 Overall Interrupt,Processing Flow
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3.1 General-purpose Interrupt Processing

When the CPU accepts an interrupt, it usually performs the following sequence of operations. That is also the same
as TLCS-900/L and TLCS-900/H.

1. The CPU reads the interrupt vector from the interrupt controller.
If the same level interrupts occur simultaneously, the interrupt controller‘generates an interrupt vector in
accordance with the default priority and clears the interrupt request.
(The default priority is already fixed for each interrupt. The smaller vector value has;the higher priority
level.)

2. The CPU pushes the value of program counter (PC) and status register/(SR) onto the stack area (Indicated
by XSP).

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

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

5. The CPU jumps to the address indicated by the data at address.“FFFFOOH + Interruptyector” and starts the
interrupt processing routine.

The above processing time is 18 states (1.8 us at 20 MHz)-as the best case (16-bitdata bus-width/and 0 waits).

When the CPU completed the interrupt processing, use the RETI instruction to-return-to,the main routine. RETI
restores the contents of program counter (PC) and status register (SR) from the_stack and decreases the interrupt
nesting counter INTNEST by 1 (-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 prierity level for each-interrupt source. (A priority level setting of
0 or 7 will disable an interrupt request.)

If an interrupt request which has a priofity level equal to or greater than the/value of the CPU interrupt mask regis-
ter <IFF2:0> comes out, the CPU accepts its intefrupt. Then, the CPUNnteprupt mask register <IFF2:0> is set to the
value of the priority level for the accepted interrupt plus 1 (+21).

Therefore, if an interrupt is generated with a higher level'than'the current interrupt during its processing, the CPU
accepts the later interrupt and goes to the nesting status ef interrupt-processing.

Moreover, if the CPU-receivesanother interrupt request-while’performing the said 1. to 5. processing steps of the
current interrupt, thé fatestjinterruptrequest isssampled/immediately after execution of the first instruction of the cur-
rent interrupt processing rottine-Specifying Dl.as-the-start’instruction disables maskable interrupt nesting.

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

Table 3-1shows the TMP91FWG60 interrupt vectors and micro DMA start vectors. The address FFFFOOH to
FFFFFFH (256 bytes) isiassigned for the interrupt Vector area.
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Table 3-1 TMP91FWG60 Interrupt Vectors Table(1/2)

Default Priority Type Interrupt Source and Source of Micro DMA Request Vectcz{/\)/alue ;/::::;o;: der;esr; g/lti;riovzgc/;\r
1 “Reset” or “SWI 0" instruction 0000H FFFFOOH -
2 “SWI 1" instruction 0004H FFFFO4H -
3 INTUNDEF: lllegal instruction or “SWI 2” instruction 0008H FFEFO8H -
4 “SWI 3” instruction 000CH FFFFOCH -
5 Non- “SWI 4” instruction 0010H FFFF10H -
6 maskable | «syy| 5" instruction 0014H FFFF14H -
7 “SWI 6" instruction 0018H FFFF18H -
8 “SWI 7" instruction 001CH FFFFICH -
9 NMIENMI pin 0020H EFFF20H -
10 INTWD: Watchdog timer 0024H FEFF24H -
- Micro DMA (MDMA) > 4 -
11 INTO: INTO pin 0028H FFFFE28H OAH
12 INT1: INT1 pin 002CH FFFF2CH OBH
13 INT2: INT2 pin 0030H FFFF30H OCH
14 INT3: INT3 pin 0034H FFFF34H ODH
15 INT4: INT4 pin 0038H FFFF38H OEH
16 INT5: INT5 pin 003CH FFFF3CH OFH
17 INT6: INT6 pin 0040H FFFF40H 10H
18 INT7: INT7 pin 0044H FFFF44H 11H
19 INT8: INT8 pin 0048H FFFF48H 12H
20 INT9: INT9-pin 004CH FFFF4CH 13H
21 INT10:|INTZ20 pif, 0050H FFFF50H 14H
22 INTTAO: 8=bit timer O 0054H FFFF54H 15H
23 INTTAL:-8-hit'timer 1 0058H FFFF58H 16H

Maskable
24 INTTA2: 8-bit timer 2 005CH FFFF5CH 17H
25 INTTAS: 8-bit timer 3 0060H FFFF60H 18H
26 INTTA4: 8-bit timer 4 0064H FFFF64H 19H
27 INTTAS: 8-bit timer 5§ 0068H FFFF68H 1AH
28 INTTBOO: 16-bit timer 0(TBORGO) 006CH FFFF6CH 1BH
29 INTTBO1: 16bit timen0 (TBORG1) 0070H FFFF70H 1CH
30 INTTB10: 16-bit-timer/'1 (TBIRGO) 0074H FFFF74H 1DH
31 INTTB11:.16-bit timer 1 (TB1RG1) 0078H FFFF78H 1EH
32 INTTB20: 16-bit timer 2 (TB2RGO) 007CH FFFF7CH 1FH
33 INTTB21: 16-bit timer 2 (TB2RG1) 0080H FFFF80H 20H
34 INTTB30: 16-bit timer 3 (TB3RGO) 0084H FFFF84H 21H
35 INTTB31: 16-bit timer 3 (TB3RG1) 0088H FFFF88H 22H
36 INTTB40: 16-bit timer 4 (TB4RGO) 008CH FFFF8CH 23H
37 INTTB41: 16-bit timer 4 (TB4RG1) 0090H FFFFO0H 24H
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Table 3-1 TMP91FWG60 Interrupt Vectors Table(2/2)

Default Priority Type Interrupt Source and Source of Micro DMA Request Vectc(»{/\)/alue :j{f:l: derfees: Zt:;iovte)g:r
38 INTTBOFO: 16-bit timer 0 (Over flow) 0094H FFFF94H 25H
39 INTTBOF1: 16-bit timer 1 (Over flow) 0098H FFFF98H 26H
40 INTTBOF2: 16-bit timer 2 (Over flow) 009CH FFFFOCH 27H
41 INTTBOF3: 16-bit timer 3 (Over flow) 00AQH FFFFAOH 28H
42 INTTBOF4: 16-bit timer 4 (Over flow) 00A4H PFFFA4H 29H
43 INTRXO:Serial reception (Channel 0) 00A8H FFFFA8SH 2AH
44 INTTXO:Serial transmission (Channel 0) 00ACH FFFFACH 2BH
45 INTRX1:Serial reception (Channel 1) 00BOH FFFFBOH 2CH
46 INTTX1:Serial transmission (Channel 1) 00B4H FFFFB4H 2DH
a7 INTRX2:Serial reception (Channel 2) 00B8H FRFRFB8H 2EH
48 Maskable INTTX2:Serial transmission (Channel 2) 00BCH FFFFRBCH 2FH
49 INTSBIO:Serial bus interface interrupt (Channel 0) 00COH FFFFCOH 30H
50 INTSBI1:Serial bus interface interrupt (Channel 1) 00C4H FFFFC4H 31H
51 INTRTC: Interrupt for special timer for CEOCK 00C8H FFFFC8H 32H
52 INTAD: AD conversion end 00CCH FFFFCCH 33H
53 INTTCO Micro DMA end (Channel 0) 00DOH FFFFDOH -
54 INTTC1: Micro DMA end (Channel'1) 00D4H FFFFD4H -
55 INTTC2: Micro DMA end (Channel 2) 00D8H FFFFD8H —
56 INTTC3: Micro DMA ehd-(€hannel 3) 00DCH FFFFDCH -

(Reserved) 00EOH FFFFEOH -
(R.eserved) OOF.CH FFFF.FCH -
Note: Micro DMA default priority:” Micro DMA stands up prior to_other maskable interrupt.
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3.2 Micro DMA Processing

In addition to general-purpose interrupt processing, the TMP91FW60 supports a micro DMA function. Interrupt
requests set by micro DMA perform micro DMA processing at the highest priority level (Level 6) among maskable
interrupts, regardless of the priority level of the particular interrupt source. The micro DMA has 4 channels and is
possible continuous transmission by specifying the described later burst mode.

The micro DMA has 4 channels and is possible continuous transmission by specifying the described later burst
mode.

Because the micro DMA function has been implemented with the cooperative-operation-of CPU, when CPU goes
to a standby mode (STOP, IDLE1 and IDLE2) by HALT instruction, the.requirement 0f micro DMA will be ignored

(Pending) and DMA transfer is started after release HALT.

3.2.1 Micro DMA Operation

When an interrupt request specified by the micro DMA start vector register is generated, the micro DMA
triggers a micro DMA request to the CPU at interrupt priority level6 and starts processing-the request in spite

of any interrupt source’s level. The micro DMA is ignoredon <JEF2:0> = &7,

The 4 micro DMA channels allow micro DMA processing to be set for up to 4-types of-interrupts at any one
time. When micro DMA is accepted, the interrupt request flip-flop assignedto that channel is cleared.

The data are automatically transferred once (1/2/4 hytes) from the transfer source address to the transfer des-
tination address set in the control register, (and-the_transfer counter/is"decreased by 1 (-1). If the decreased
result is “0”, the micro DMA transfer end’interrupt (INTTCO to INTTC3) passes from the CPU to the interrupt
controller. In addition, the micro DMACstart vector register DMANVA iscleared to 0, the next micro DMA is
disabled and micro DMA processing completes. If the decreased result\is other than “0”, the micro DMA pro-
cessing completes if it does not specify the described later burst mode. In this case, the micro DMA transfer

end interrupt (INTTCO to INTTC3)\aren’t/generated.

If an interrupt request is triggered<for the interrupt source in use during the interval between the clearing of
the micro DMA start vector and'the next setting, genéral-purpose interrupt processing executes at the interrupt
level set. Therefore, if oply-using the interrupt for, starting the’micro DMA (Not using the interrupts as a gen-
eral-purpose interrupt: Level'l to)6), first set the interrupts level to O (Interrupt requests disabled).

If using mjcro DMA-and general-purpase interrupts together, first set the level of the interrupt used to start
micro DMA processing Tower than all the-other interrupt levels. (Note) In this case, the cause of general inter-

rupt is limited to the edge interrupt.

The priority of the micro DMA transferend interrupt (INTTCO to INTTC3) is defined by the interrupt level
and the default priority as the same as the other maskable interrupt.

If avmicro. DMA request is set\for more than one channel at the same time, the priority is not based on the
interrupt priority level but on thechannel number. The smaller channel number has the higher priority (Chan-
nehQ (High) > Channel 3 (Low)).

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

Note: 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 3-1) 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 checking of micro DMA has been finished.
And INTyyy is generated regardless of transfer counter of micro DMA.

INTxxx: level 1 without micro DMA

INTyyy: level 6 with micro DMA

Page 33 2007-10-15



TOSH'BA TMP91FW60

Three micro DMA transfer modes are supported: 1-byte transfer, 2-byte (One-word) transfer, and 4-byte
transfer. After a transfer in any mode, the transfer source/destination addresses are increased, decreased, or
remain unchanged.

This simplifies the transfer of data from 1/O to memory, from memory to 1/0, and from /O to I/O. For details
of the transfer modes, see" 3.2.4 Detailed Description of the Transfer Mode Register .

As the transfer counter is a 16-bit counter, micro DMA processing can be set.for up to 65536 times per inter-
rupt source. (The micro DMA processing count is maximized when the transfer-counter initial value is set to
0000H.)

Micro DMA processing can be started by the 42 interrupts shown in the’micro, DMA start vectors of Table 3-
1 and by the micro DMA soft start, making a total of 43 interrupts.

Figure 3-2 shows the word transfer micro DMA cycle in transfer destination address INC mode (except for
counter mode, the same as for other modes).

(The conditions for this cycle are based on an external 16-bit lbus, O waits, transfer soufeeftransfer destination
addresses both even-numberd values).

(Note 1) (Note 2)
1 state , " \ te .
DM1 DM2 DM3 DM4 DM5 DM6 Dm7 DM8
SAVAVAVAVAVAVAVAY ACAYAVAVA=AVAVAVAVAV AR
A0 to A23 Transfbr source-afidress Transfer destination

adfiress

RD O\
WR, FWR i
DO to D15 X Output

Figure3-2 Timing for-Micro DMA Cycle

States 1 to 3: Instruction-fetch cycle (Gets-next address code).
IT-3 “hytes and more-instruction~codes are inserted in the instruction queue buffer, this cycle
becomesra dummy cycle.

States.410 5: Micro DMA read cycle
State-6: Dummy cycle (The address bus remains unchanged from state 5.)

States 7 to 8: Micro DMA write eyele

Nete 1: If the source address area is an 8-bit bus, it is increased by two states.
If the source address area’is.a 16-bit bus and the address starts from an odd number, it is increased by two
states.

Note 2: If the destination addreSs area is an 8-bit bus, it is increased by two states.
If the destination address area is a 16-bit bus and the address starts from an odd number, it is increased by
two states.
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3.2.2 Soft Start Function

In addition to starting the micro DMA function by interrupts, TMP91FW60 includes a micro DMA software

start function that starts micro DMA on the generation of the write cycle to the DMAR register.

Writing “1” to each bit of DMAR register causes micro DMA once (If write-“0" to each bit, micro DMA
doesn’t operate) At the end of transfer, the corresponding bit of the DMAR register is automatically cleared to

uon.

Only one-channel can be set once for micro DMA. (Do not write-*1” to pluralbits.)

When writing again “1” to the DMAR register, check whether the-bit'is “6-before writing “1”. If read “1”,

micro DMA transfer isn’t started yet.

When a burst is specified by DMAB register, data is continuously transferred until the-value in the micro
DMA transfer counter is “0” after start up of the micro DMA:IT execute 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 writing to other bits by mistake.

Symbol Name Address 7 6 5 4 3 2 1 0
89H - - — - DMAR3 DMAR2 DMAR1 DMARO
DMA - - - - R/W
DMAR Request insti':/(l:\t/i\i)ns
- - - = £ 0 | 0 0 | 0
R t
egister are prohib-
ited. DMA request
3.2.3 Transfer Control Registers

The transfer source address,and-the transfer destination-address are set in the following registers in CPU.

Data setting for these registers is done by an “LDC cr,+Zinstruction.

Channel 0
DMASO DMA seurce address register 0: Only use LSB 24 bits
DMADO BMA-destination address register 0: Only use LSB 24 bits
DMACO DMA counter register 0: 1 to 65536
DMAMO| DMA mode register 0
1
1
1
1
Channel 3
DMASS. DMA source address register 3
DMAD3 DMA destination address register 3

DMAC3 DMA counter register 3
DMAM3

8 bits

DMA mode register 3

16 bits

A

32 bits

Page 35

2007-10-15




TOSHIBA

TMP91FW60

3.2.4 Detailed Description of the Transfer Mode Register

(DMAMO to DMAM3)

0o 0 O

Mode

ZZ: 0 = Byte transfer, 1 = Word transfer, 2 = 4-byte transfer, 3 = Reserved
e

Note: The upper three bit of data programmed to these registers must always be 0.

Execution time

'

Transfer destination address INC mode = = = = = = = = = =« 1/0 toyrmemory
(DMADN+) < (DMASN)

DMACh <« DMACn - 1

if DMACn = 0 then INTTC is generated

8 states (800 ns)
@ byte/word transfer

12 states (1200 ns)
@ 4-byte/word transfer

Transfer destination address DEC mode
(DMADN-) < (DMASN)

DMACn < DMACnh -1

if DMACn = 0 then INTTC is generated

--------- 11O to-memory

8 states (800 ns)
@ byte/word transfer

12 states+(1200 ns)
@ 4-byte/word transfer

Transfer source address INT mode = = = = = =\ ¥/ - /- - memary;to 1/0
(DMADN) < (DMASN+)

DMACn <~ DMACn -1

if DMACn = 0 then INTTC is generated

8 states (800 ns)
@ byte/word transfer

12 states (1200 ns)
@ 4-byte/word transfer

Transfer source address DEC mode
(DMADnN) « (DMASN-)
DMACn <« DMACn -1
if DMACn = 0 then INTTC is geherated

........... memary to O

8 states (800 ns)
@ byte/word transfer

12 states (1200 ns)
@ 4-byte/word transfer

Address fixed mode =« = s Ty xo e w e e w e e e /0 to 1/0
(DMADnN) < (DMASN)

DMACh « DMACnh - 1

if DMACn = 0 thentNTTC is-generated

8 states (800 ns)
@ byte/word transfer

12 states (1200 ns)
@ 4-byte/word transfer

Counter mode for,counting humber of times interrupt is generated
DMASNH <« DMASNn+.1

DMACn «/DMAChA 1

if DMACnh = O/then INTTC is generated

5 states

(500 ns)

Note 1: “n” is the corresponding micre.DMA-channels 0’to 3.
DMADN+/DMASN+: Post-increment (Increment register value after transfer)
DMADN-/DMASN-: Post-decrement (Becrement register value after transfer)
Thel/Os in the table mean fixed address-and the memory means increment (INC) or decrement (DEC)
addresses!

Note/2: Execution time is under the condition of:
16-bit bus width (Both transfer.and destination address area)/0 waits/
fc =20 MHz/selected high=frequency mode (fc x 1)

Note 3: Do not use an undefined code/for the transfer mode register except for the defined codes listed in the
above table.
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3.3

Interrupt Controller Operation

The block diagram in Figure 3-3 shows the interrupt circuits. The left-hand side of the diagram shows the inter-
rupt controller circuit. The right-hand side shows the CPU interrupt request signal circuit and the halt release circuit.

For interrupt controller there is an interrupt request flag (Consisting of a flip-flop), an interrupt priority setting reg-
ister and a micro DMA start vector register. The interrupt request flag latches interrupt requests from the peripherals.
The flag is cleared to 0 in the following cases:

* When reset occurs

When the CPU reads the channel vector after accepted its interrupt

» When executing an instruction that clears the interrupt (Write DMA start Xector to INTCLR register)
» When the CPU receives a micro DMA request (when micro DMAis set)

» When the micro DMA burst transfer is terminated

An interrupt priority can be set independently for each interrupt source by writing the priority toe.the interrupt pri-
ority setting register (e.g., INTEOAD or INTE56). 6 interrupt priorities levels’(1 to 6) are previded:Setting an inter-
rupt source’s priority level to 0 (or 7) disables interrupt requests-from-that source. The' priority of non-maskable
interrupts (NMI pin interrupts and watchdog timer interrupts) i$ fixed &t 7.'If interrupt requestwith-the same level are
generated at the same time, the default priority 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 interruptrequest flag and thus
whether an interrupt request for a given channel has occurred:

The interrupt controller sends the interrupt requestand'itsvector address tothe-CPU.The CPU compares the prior-
ity value <IFF2:0> in the status register by the interruptrequest signal with' the, priority value set; if the latter is
higher, the interrupt is accepted. Then the CPU sets.a value higher than the-priority value by 1 (+1) in the CPU
SR<IFF2:0>. Interrupt request where the priority value equals oy/is higherthan the set value are accepted simulta-
neously during the previous interrupt routine.

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

The interrupt controller also has registers (4 channels) used.to.store the micro DMA start vector. Writing the start
vector of the interrupt source forthe micro’DMA processing beforehand (see Table 3-1), enables the corresponding
interrupt to be processed by micro/DMA processing. The-values must be set in the micro DMA parameter register

(e.g., DMAS and DMAD). prior.to-the/micro DMA processing.
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3.3.1 Interrupt Level Setting Registers

Interrupt Level Setting Registers

Symbol Name Address 7 6 | 5 | 4 3 2 | 1 | 0
INTAD INTO
INTO & IADC IADM2 | IADM1 | IADMO 10C TOM2 | 10M1 | IOMO
INTEOAD | INTAD 90H
enable R RIW R RIW
0 0 | 0 | 0 0 0 | 0 | 0
INT2 INT1
INT1 & 12C 12M2 | 12M1 | 12MO 116 11M2 | 11M1 | 11MO
INTEL2 | INT2 91H
enable R RIW R RIW
0 0 | 0 | 0 0 0 | 0 | 0
INT4 INT3
INT3 & 14C 14m2 | 14M1 | 14M0 13C 1372 | 13M1 | I3M0
INTE34 | INT4 92H
enable R RIW R RIW
0 0 | 0 | 0 0 0 | 0 | 0
INT6 INT5
INTS & 16C 16M2 | 1ML | I6MO I5C 15M2 | I5M1 | I5MO
INTE56 | INT6 93H
enable R R/W. R R/W
0 0 | 0 | 0 0 0 | 0 | 0
INT8 INT7
INT7 & 18C 18M2 | 1I8M1 | I8MO I7C 17M2 | 7M1 | I7MO
INTE78 | INT8 94H
enable R RIW R RIW
0 0 | 0 | 0 0 0 | 0 | 0
INT10 INT9
INT9 & 120€ 110M2 | 120M1 l 110MO 19C 19M2 | 19M1 | 1I9MO
INTE910 | INT10 95H
enable R RAV R RIW
0 o} | o} | 0 0 0 | 0 | 0
INTTALTMRAL) INTTAO (TMRAO)
INTTAO & ITALC ITATM2 | FFAYM1 | ITAIMO ITAOC ITAOM2 | ITAOM1 | ITAOMO
INTETAOL | INTTAL 96H
enable R R/W R R/W
0 0 | 0 | 0 0 0 | 0 | 0
IXxxC
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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Interrupt Level Setting Registers

Symbol Name Address 7 6 | 5 | 4 3 | 2 | 1 | 0
INTTA3 (TMRA3) INTTA2 (TMRAZ2)
INTTAZ & ITA3C ITA3M2 | ITA3M1 | ITA3MO ITA2C ITA2M2 | ITA2M1 | ITA2MO
INTETA23 INTTA3 97H
enable R R/W R R/W
0 0 | 0 | 0 0 0 | 0 | 0
INTTA5 (TMRASG) INTTA4 (TMRA4)
INTTA4 & ITA5C ITA5SM2 | ITASM1 | ITASMO ITA4C ITA4M2 | ITA4M1 | ITA4MO
INTETA45 INTTAS 98H
enable R R/W R R/W
0 0 | 0 | 0 0 0 | 0 | 0
INTTBO1(TMRBO) INTTBOO(TMRBO)
Interrupt ITBO1C ITBO1M2 | ITBO1IM1 | ITBOLMO ITBOOC ITBOOM2 | ITBOOML | ITBOOMO
INTETBO enable 99H
TMRBO R RIW R RIW
0 0 | 0 I 0 0 0 | 0 | 0
INTTB11(TMRBY) INTTB10(TMRB1)
Interrupt ITB11C ITB11M2 | ITBI1IM1 | ITB11MO ITB10C ITBTOM2 | ITB10M1 | ITB10MO
INTETB1 enable 9AH
TMRB1 R R/W R RIW
0 0 | 0 | 0 Q 0 | 0 | 0
INFTB21(TMRB2) INTTB20(TMRB2)
Interrupt ITB21C ITB21M2 | ITB21M1 | ITB21MO ITB20C ITB20M2 | ITB20M1 | ITB20MO
INTETB2 enable 9BH
TMRB2 R RIW R RIW
0 0 | 0 | 0 0 0 | 0 | 0
INFTB31(TMRB3) INTTB30(TMRB3)
Interrupt ITB31C ITB31M2 | ITB31M1 | ITB31MO ITB30C ITB30M2 | ITB30M1 | ITB30MO
INTETB3 enable 9CH
TMRB3 R RIW R RIW
0 0 | 0 | 0 0 0 | 0 | 0
INTTB41(TMRB4) INTTB40(TMRBA4)
Interrupt TB41C ITB41M2 | ITB41M1 | ITB41MO ITB40C ITB40M2 | ITB40M1 | ITB40MO
INTETB4 enable 9DH
0 0 | 0 | 0 0 0 | 0 | 0
INTTBOF1(TMRB1 Over flow) INTTBOFO(TMRBO Over flow)
Interrupt
enable ITF1C ITF1M2 | ITFIM1 | ITFIMO ITFOC ITFOM2 | ITFOM1 | ITFOMO
INTETBO1V 9EH
TMRBO/T R RIW R RIW
(Over flow)
0 0 | 0 | 0 0 0 | 0 | 0
IXxxC
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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Interrupt Level Setting Registers

Symbol Name Address 7 | 6 | 5 | 4 3 | 2 | 1 | 0
INTTBOF3(TMRB3 Over flow) INTTBOF2(TMRB2 Over flow)
Interrupt
enable ITF3C ITF3M2 | ITF3M1 | ITF3MO ITF2C ITF2M2 | ITF2M1 | ITF2MO
INTETB23V 9FH
TMRB2/3 R RIW R RIW
(Over flow)
0 0 | 0 | 0 0 0 | 0 | 0
INTRTC INTTBOFE4(TMRB4 Over flow)
Interrupt
enable IRTCC IRTCM2 | IRTCM1 | IRTCMOQ ITR4C [TFAM2 | ITFAM1 | ITFAMO
INTETB4VRTC AOH
TMRB4/ R RIW R RIW
INTRTC
0 0 | 0 | 0 0 0 | 0 | 0
INTTX0 INTRXO
INTRXO & ITXOC ITXOM2 | ITXOM1 | ITXOMO IRXOC IRXOM2 | IRXOML | IRXOMO
INTESO INTTXO A1H
enable R R/W R R/W
0 0 | 0 I 0 0 o} | 0 | o
INTTX1 INTRX1,
INTRX1 & ITX1C ITX1IM2 | ITXIM1 | ITX1MO IRX1C IRX1M2 | [RX1IM1 | IRX1MO
INTES1 INTTX1 A2H
enable R R/W R R/W
0 0 | 0 | 0 0 0 | 0 | 0
INTTX2 INTRX2
INTRX2 & ITX2C ITX2M2 | [TX2M1 | {TX2MO IRX2C IRX2M2 | IRX2M1 | IRX2MO
INTES2 INTTX2 A3H
enable R R/W R R/W
0 0 | 0 | 0 0 0 | 0 | 0
INTSBI1 INTSBIO
INTSBIO & ISBILC ISBILM2 | ISBIZIM1 | ISBIIMO ISBIOC ISBIOM2 | ISBIOM1 | ISBIOMO
INTESBIOL | INTSBI1 A4H
enable R RIW R RIW
0 0 | 0 | 0 0 0 | 0 | 0
INTTCL INTTCO
INTTCO & ITcic ITCIM2 | ITCIMY | ITC1IMO ITCOC ITCOM2 | ITCOM1 | ITCOMO
INTETCOL | INTTC1 A5H
enable R R/IW R R/W
0 0 | 0 | 0 0 0 | 0 | 0
INTTC3 INTTC2
INTTC2 & ITC3C ITC3M2 | ITC3M1 | ITC3MO ITC2C ITC2M2 | ITC2M1 | ITC2MO
INTETC23 | INTTC3 A6H
enable R R/W R RIW
0 0 | 0 | 0 0 0 | 0 | 0
IXxxC
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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3.3.2 External Interrupt Control

External Interrupt Control Register (IIMC)

Symbol Name Address 7 6 5 4 3 2 1 0
- - - - - I0EDGE IOLE NMIREE
w
8CH
Interrupt 0 0 0 0 0 0 0 0
IIMC 'npzt RMW instruc- 1:Oper-
mode | tions are pro- INTO INTO ates even
contro hibited. Always EDGE mode on rising/
write “0”. 0: Rising 0: Edge falling
1: Falling 1: Level edge of
NMI
INTO setting
P7FC<P75F> <IOLE> <IOEDGE> INTO
1 0 Rising edge interruption
1 0 1 Falling edgeinterruption
1 1 0 “H" level INT.
1 1 1 fL" level INT
NMI rising edge(enable
0 INT request generation at falling’edge
1 INT request generation at rising/falling edgée
3.3.3 Interrupt Request Flag Clear-Reqgister

Interrupt Request Flag Clear Register (INTCLR)

The interrupt request flag is.cleared by writing the appropriate micro DMA start vector, as given in Table 3-

1, to the register INTCLR:

For example, to clear the interrupt flag INTO, performthe following register operation after execution of the

DI instructiory,

INTCLR < 0AH;/Clears interrupt request flag - HNTFO.

Symbol Name Address 7 6 5 4 3 2 1 0
88H - - CLRV5 CLRV4 CLRV3 CLRV2 CLRV1 CLRVO
Interrupt - > w
INTCLR Clear instF:l’Jvl\t/i\Z)ns
Control ) . B 0 | 0 0 | 0 0 | 0
are prohib-
ited. Interrupt vector
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3.3.4 Micro DMA Start Vector Registers

This register assigns micro DMA processing to which interrupt source. The interrupt source with a micro
DMA start vector that matches the vector set in this register is assigned as the micro DMA start source.

When the micro DMA transfer counter value reaches 0, the micro DMA transfer-end interrupt corresponding
to the channel is sent to the interrupt controller, the micro DMA start vector register)is-cleared, and the micro
DMA start source for the channel is cleared. Therefore, to continue micro-DMA processing, set the micro
DMA start vector register again during the processing of the micro DMA transferend interrupt.

If the same vector is set in the micro DMA start vector registers of-mare-than-one channel, the channel with
the lowest number has a higher priority.

Accordingly, if the same vector is set in the micro DMA start-vector registers of two channels, the interrupt
generated in the channel with the lower number is executed until micre DMA transfer is'complete. If the micro
DMA start vector for this channel is not set again, the next-micro DMA is started €or\the channel with the
higher number. (Micro DMA chaining)

Micro DMA Start Vector Registers (DMANV)

Symbol Name Address 7 6 5 4 3 2 1 0
- - DMAQVS DMAOV4 DMAOQV3 DMAOQV2 DMAOV1 DMAOVO
DMAO — — RIW
DMAOQOV Start 80H
Vector - - 0 | 0 | Q | 0 | 0 | 0
DMAO start vector
- - DMA1V5 | DMA1LV4 | DMA1V3 | DMA1V2 | DMA1V1 | DMA1V0
DMA1 _ = R/W
DMAL1V Start 81H
Vector - v 0 | 0 | 0 | 0 | 0 | 0
DMAL start vector
~ - DMA2VS | DMA2V4 | DMA2V3 | DMA2V2 | DMA2V1 | DMA2V0
DMA2 — — R/W
DMA2V Start 82H
Vector - - 0 | 0 | 0 | 0 | 0 | 0
DMAZ2 start vector
- = DMA3V5 | DMA3V4 | DMA3V3 | DMA3V2 | DMA3V1 | DMA3V0
DMA3 — - R/W
DMA3V Start 83H
Vector - - 0 | 0 | 0 | 0 | 0 | 0
DMAS3 start vector
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3.3.5 Micro DMA Burst Specification

Micro DMA Burst Request Registers (DMAR)

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

reaches O after micro DMA start. Setting a bit which corresponds to the micro DMA channel of the DMAB
registers mentioned below to “1” specifies a burst.

If other interrupts (maskable/nonmaskable is not concerned) are generated during burst transfer, interrupt is

executed after completed burst transfer.

Symbol Name Address 7 5 3 2 1 0
89H - - DMAR3 DMAR2 DMAR1 DMARO
DMA .
DMAR Software . RMW
Request instructions _ _ 0 0 | 0 | 0
Register are prohib-
ited. 1: DMA-software-request
- - DMAB3 | DMAB2 | DMAB1 | DMABO
DMA - - R/W
DMAB Burst 8AH
Register - - 0 0 | 0 | 0
1: DMA burst request
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3.3.6 Attention Point

The instruction execution unit and the bus interface unit of this CPU operate independently. Therefore,
immediately before an interrupt is generated, if the CPU fetches an instruction that clears the corresponding
interrupt request flag, the CPU may execute the instruction that clears the interrupt request flag (Note) between
accepting and reading the interrupt vector. In this case, the CPU reads the default vector 0008H and reads the
interrupt vector address FFFFO8H.

To avoid the above problem, place instructions that clear interrupt requést flags.after a DI instruction. And in
the case of setting an interrupt enable again by El instruction afterthe.execution of clearing instruction, execute
El instruction after clearing and more than 1-instructions (ex. “NOP’"*_1-times). If executed EI instruction
without waiting NOP instruction after execution of clearing instruction, intersupt will be enable before request

flag is cleared.

In the case of changing the value of the interrupt mask register <lFF2:0> by executioh of POP SR instruc-
tion, disable an interrupt by DI instruction before execution of POP SR instruction.

In addition, take care as the following 2 circuits are excéptional and demand spgcial attention.

INTO level mode

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

If the CPU enters thé interrupt response sequence-as a result.of INTO going from 0 to
1, INTO must then<e held at'1 until the interfupt respense. sequence has been com-
pleted. If INTO is set tolevel mode so as td reélease a halt state, INTO must be held at 1
from the time/INTO-changes/from 0 to 1 untitthe-halt state jis released. (Hence, it is
necessary to ensure that input noise is not interpreted-as,a 0, causing INTO to revert to
0 before the halt'state’has been released.)

When the-mode changes from level mode.to edge mode, interrupt request flags which
were set in level mode will not be cleared: Interrupt request flags must be cleared
using the following sequence.

Dl

LD/ (IME), 00H ; Switches interrupt ihput mode from level mode to edge mode.
LD4INTCLR), 0AH ; Clears interrupt request flag.

NOP ; Wait Ellinstrdction

El

INTRXn

The interruptrequest flip-flep can only be cleared by reset or by reading the serial
channel receive bufferit-cannotbe cleared by writing INTCLR register.

Note: The following instructions or pin input state changes are equivalent to instructions that clear the interrupt request flag.
INTO: Instructions/which switch to level mode after an interrupt request has been generated in edge mode.
The pininput change from high to low after interrupt request has been generated in level mode. (H — L)

INTRXn: Instruction which reads the.receive buffer.
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4. Port Function

The TMP91FW®60 features 83 bit settings which relate to the various 1/O ports.

As well as general-purpose 1/0 port functionality, the port pins also have 1/0 functions which relate to the built-in
CPU and internal 1/Os. Table 4-1 lists the functions of each port pin. Table 4-1 lists the functions of each port pin.
Table 4-2 lists 1/O registers and their specifications.

Table 4-1 Port Functions (R: PU = with programmable pull-up resistor)(1/2)

Port Names Pin Names Numlber of Direction R Dirlectionl Rin Names for Built-in Functions
Pins Setting Jnit
Port0 P00 to PO7 8 110 - Bit ADO'to AD7
Portl P10 to P17 8 110 - Bit AD8 to AD15/A8 to' Al5
Port2 P20~P27 8 110 - Bit A16 to A23/A0.to. A7
P30 1 110 - Bit TB3INO, INT3;-SDAO
P31 1 110 = Bit TB3INL, INT4,-SCLO,
Port3 -
P32 1 110 — Bit WA-TB3QUTO
P33 1 110 — Bit TB3OUTT
P40 1 10 PU Bit TS0, ScoUT
P41 1 110 PU Bit Cs1, TXD2
Port4 P42 1 1O PU Bit TS2 RXD2
P43 1 10 PU Bit CS3, SCLK2, CTS2
P44 1 110 PU Bit ALE
P50 1 I[e] - Bit ANO
P51 1 110 - Bit AN1
P52 1 110 = Bit AN2
P53 T 110 - Bit AN3
Port5
P54 1 1O # Bit AN4
P55 1 1/0 - Bit AN5
P56 1 116 - Bit ANG
P57 1 110 - Bit AN7
P60 1 1/0 — Bit ANS8
P61 1 110 — Bit AN9
P62 1 110 - Bit AN10
P63 1 110 - Bit AN11
Port6
P64 1 110 - Bit AN12
P65 1 110 — Bit AN13
P66 1 110 — Bit AN14
P67 1 110 — Bit AN15
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Table 4-1 Port Functions (R: PU = with programmable pull-up resistor) (2/2)

Port Names Pin Names Num.ber of Direction R Dlr.ectlon. Pin Names for Built-in Functions
Pins Setting Unit
P70 1 110 - Bit TAOIN
P71 1 110 - Bit TALOUT
P72 1 110 - Bit TA3OUT
Port7
P73 1 110 - Bit TA4IN
P74 1 110 - Bit TASOUT
P75 1 110 - Bit INTO
P80 1 110 - Bit TBOINO, INT5
P81 1 110 - Bit TBOINL, INT6
P82 1 110 - Bit TBOOUTO
P83 1 110 - Bit TBOOUT1
Port8
P84 1 110 - Bit TB1INO, INT7
P85 1 110 = Bit TBL1INL.INTS
P86 1 110 — Bit TBXOYTO
P87 1 110 - Bit TB1OUT1
P90 1 110 < Bit TXDO
Pa1 1 110 - Bit RXDO
P92 1 1o, - Bit SCLKO, CTSO0
P93 1 11Q - Bit TXD1
Port9
P94 1 1/0 - Bit RXD1
P95 1 110 - Bit SCLK1, CTS1
P96 1 110 B Bit XT1
P97 ! 110 - Bit XT2
PAO 1 110 Z Bit TB2INO, INT1
PATL 1 1/0 - Bit TB2IN1, INT2
PortA
PA2 1 10 - Bit TB20OUTO
PA3 1 HO - Bit TB20OUT1
RBO. 1 110 - Bit TB4INO, INT9, SDA1
PB1 1 110 - Bit TB4IN1, INT10, SCL1
PortB
PB2 1 110 - Bit TB4OUTO
PB3 1 110 - Bit TB4OUT1
PZ0 1 Output - Bit RD
Pz1 1 Output - Bit WR
Portz
pPz2 1 110 PU Bit HWR
PZ3 1 lle} PU Bit RIW
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Table 4-2 1/0 Port Setting List(1/4)
1/0 Register Setting Values
Ports Pin Names Specifications
Pn PnCR PnFC PnFC2 ODE
Input port X 0
Port0 P00 to PO7 Output port X 1 None None None
ADO to AD7 bus™ X X
Input port X 0 Q
Output port X 1 0
Portl P10 to P17 None None
AD8 to AD15 bus X Q Y
A8 to A15 output X 1 1
Input port X 0 0
Output port X I 0
Port2 P20 to P27 None None
A0 to A7 output X 0 1
A16 to A23 output & 1 1
Input port X 0 0. 0] -
P30 to P31 Output port (CMOS output) X 1 (0] 0 0
Output port (open drain output) X 1 0 0 1
Input port X 0 0
P32 to P33 None None
Output port X b 0
TB3INO Input, INT3 Input X 0 1 0 -
P30 SDAO input/output (CMOS output) X 1 0 1 0
Port3
SDAO input/output-open-drairi output)2 X 1 0 1 1
TB3IN1 Input, INT4 Input e 0 1 0 -
P31 SCLO input/output-(EMOS output) X 1 0 1 0
SCLO ‘input/output (open drain output)*? X 1 0 1 1
WAIT _output X 0 1
P32
JTB30UTO output X 1 1 None None
P33 TB3OUT1 output X 1 1
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Table 4-2 1/0 Port Setting List(2/4)
1/0 Register Setting Values
Ports Pin Names Specifications
Pn PnCR PnFC PnFC2 ODE
Input port (without pull up) 0 (0] 0 0
P40, P43 Input port (with pull up) 1 0 0 0 None
Output port X 1 0 0
Input port (without pull up) 0 0 Q
P42, P44 Input port (with pull up) 1 0 0 None None
Output port X 1 0
Input port (without pull up) 0 0 0 0 -
Input port (with pull up) 1 0 0 0 -
P41
Output port (CMOS output) X I 0 0 0
Output port (open drain output) X 1 0 0 1
CSO0 output X 1 1 0
P40 None
Port4 SCOUT output X 1 0 1
CS1 output (CMOS output) X 1 1 0 0
CS1 output (open drain output) X 1 1 0 1
P41
TXD2 output (CMOS output) X 1 0 1 0
TXD2 output (open drain output)*2 X 1 0 1 1
CS2 output X 1 1
P42 None None
RXD2 Input X 0 0
CS3 output X 1 1 0
SCLK2 Input X 0 0 0
P43 None
SCLK2-output, * 1 0 1
€TS2\Input X 0 0 0
P44 ALE output X 1 1 None None
JAput port X 0 1
Port5 P50 to P57 Output port X 1 0 None None
ANO to AN7 Input #3 X 0 0
Input port X 0 1
Porté P60 to P67 Output port X 1 0 None None
ANS to AN15 Tnput#3 X 0 0
Input port X 0 0
P70'to P75
Output.port X 1 0
P70 TAOIN Input X 0 None
P71 TA1OUT output X 1 1
Port7 None None
P72 TA3OUT output X 1 1
P73 TA4IN Input X 0 None
P74 TA50UT output X 1 1
P75 INTO Input X 0 1
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Table 4-2 1/0 Port Setting List(3/4)
1/0 Register Setting Values
Ports Pin Names Specifications
Pn PnCR PnFC PnFC2 ODE
Input port X 0 0
P80 to P87
Output port X 1 0
P80 TBOINO, INT5 Input X 0 1
P81 TBOIN1, INT6 Input X 0 1
P82 TBOOUTO output X 1 1
Port8 None None
P83 TBOOUT1 output X 1 Y
P84 TB1INO, INT7 Input X 0 1
P85 TB1IN1, INT8 Input X 0 1
P86 TB1OUTO output X I 1
P87 TB1OUT1 output X 1 1
P91 to P92, Input port e 0 0
P94 to P95 None
Output port X 1 0
Input port X 0 0 _
P90, P93 Output port (CMOS output) X 1 0 0
Output port (open drain output) X 1 0 1
TXDO output (CMOS output) x 1 1 0
P90
TXDO output (open drain-output)*2 X 1 1 1
P91 RXDO Input X 0 None None
SCLKO Input N 0 0
P92 SCLKO output X 1 1 None
Port9 None
CTSO |nput X 0 0
TXD1\outpat (CMOS output) X 1 1 0
P93
TXD1-output (open drain/output)? X 1 1 1
P94 RXD1 Input X 0 None None
SCLK1 Input X 0 0
P95 SCLK1 output X 1 1 None
CTS1 Input X 0 0
Input port X 0 1
P96 to P97 Output port X 1 1 None
XTL 16 XT2 #4 X 0 0
Input port X 0 0
PAO to PA3
Output port X 1 0
PAO TB2INO Input, INT1 Input X 0 1
PortA None None
PA1 TB2IN1 Input, INT2 Input X 0 1
PA2 TB20OUTO N 1 1
PA3 TB20OUT1 X 1 1
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Table 4-2 1/0 Port Setting List(4/4)
1/0 Register Setting Values
Ports Pin Names Specifications
Pn PnCR PnFC PnFC2 ODE
Input port X 0 0 0 -
PBO to PB1 Output port (CMOS output) X 1 0 0 0
Output port (open drain output) X 1 0 0 1
Input port X 0 Q
PB2 to PB3 None None
Output port X 1 0
TBA4INO Input, INT9 Input X Q i 0 -
PortB PBO SDAL input/output (CMOS output) X 1 0 1 0
SDAL1 input/output (open drain output)*? X 1 0 1 1
TB4IN1 Input, INT10 Input X 0 1 0 —
PB1 SCL1 input/output (CMOS output) X 1 0 1 0
SCL1 input/output (open drain output)*2 X 1 0 T 1
PB2 TB4OUTO output X 1 1
None None
PB3 TB4OUT1 output X 1 1
Output port X 0
PZ0 RD output only when accessing an external 1 Naohe 1
Always RD output 0 1
Output port X 0
PZ1 — None
WR output only when accessing an external X 1
PortZ None None
Input port (without-pullup) 0 0 0
PZ2 to PZ3 Input port (with\pull up) 1 0 0
Output port X 1 0
Pz2 HWR ‘output X 1 1
PZ3 RJW output X 0 1
#1  There is not port'setting for changing ADO to ADZ. When-aceessing external area, it changes automatically.
#2  If using P30/P31/P41/P90/P93/PB0/PB1 as open-drain eutput in SDA0/SCLO/TXD2/TXDO/TXD1/SDAL1/SCL1 output,
please set ODE.
#3  If using R50 to P57,P60 to P67 as an analoginput, please set ADCCR1<SAIN3:0>.
#4  If using P96 to P97 as XT1-XT2, please set SYSERO.

Note: x:Don‘t-care
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4.1 Port 0 (P00 to PO7)

Port 0 is an 8-bit general-purpose 1/0 port. Each bit can be set individually for input or output using the control
register POCR. Reset operation initializes all bits of the control register POCR to “0” and sets port 0 to input port.

In addition to functioning as a general-purpose 1/0 port, port 0 can also function as address data bus (ADO to
ADY7).

cleared to “0”.

When accessing external area, port 0 functions as address data bus (ADO to AD7)-automatically, and POCR is

Reset
N\ ¢
Direction
> control
(on bit basis)
o POCR write
]
2 Port 0
P > O|Uttpuht > {71 Poo to'PO7
3 ae (ADO/ta AD7)
= T Output
c buffer
o .
£ PO write v
S B
Selector
A )
PO read
Y,
Figure 4-1 Port O
Port 0 Register
7 6 5 4 3 2 1 0
Bit symbol PO7 P06 P05 P04 P03 P02 P01 P00
PO Read/Write R/W
(0000H)
After reset Data from external port (Output latch register is undefined.)
Port 0 Control Register (Read-modify-write ifisttuctions are prohibited.)
7 6 5 4 3 2 1 0
Bitsymbol PO7Q P0O6C PO5C PO4C PO3C P02C PO1C POOC
POCR
R i W
(0002H) ead/Write
After reset 0 0 0 0 0 0 0 0
Function 0: Input 1: Output (When access to external, become AD7 to ADO and this register is cleared to “0".)
PO7 P06 P05 P04 PO3 P02 PO1 P00
access POxC . ) . . . ) . .
function function function function function function function function
0 input port input port input port input port input port input port input port input port
internal
1 output port | output port | output port | output port | output port | output port | output port | output port
| dt
external cez’,‘,:;', ° AD7 ADS6 ADS AD4 AD3 AD2 AD1 ADO
Note: <POxC> is bit X of each register POCR.
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4.2 Port1 (P10 to P17)

Port 1 is an 8-bit general-purpose I/O port. Each bit can be set individually for input or output using the control
register PLCR and function register PLFC. Reset operation initializes all bits of output latch P1, the control register

P1CR and function register P1FC to “0” and sets port 1 to input port.

In addition to functioning as a general-purpose 1/O port, port 1 can also function as address data bus (AD8 to

AD15) and address bus (A8 to A15).

Reset

M\ I

Direction
A .

> control
(on bit basis)

P1CR write

Function

> control
(on bit basis)

P1FC write

¥

Internal data bus

Port—
[ P10 to P17

»0utput latch

1

P1 write

Y

<—§]7

S

B

Selector

A

Qutput buffer

N P1 read

A

Figure 4-2_Port'1

(AD8to AD15/A8 to Al!
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Port 1 Register
7 6 5 4 3 2 1 0
pP1 Bit symbol P17 P16 P15 P14 P13 P12 P11 P10
(0001H) Read/Write RIW
After reset Data from external port (Output latch register is cleared to “0".)
Port 1 Control Register (Read-modify-write instructions are prohibited.)
7 6 5 4 3 2 1 0
Bit symbol P17C P16C P15C P14C R13C P12C P11C P10C
PICR Read/Write w
(0004H)
After reset 0 0 0 0 Q 0 0 0
Function <<Refer to colump-of R1IFE>>
Port 1 Function Register (Read-modify-write instructions are prohibited.)
7 6 5 4 3 2 1 0
Bit symbol P17F P16F P15F P14F P13F P12F P1IF P10F
PIFC Read/Write w
(0005H)
After reset 0 0 0 0 0 0 0 0
Function P1FC/P1CR #z00: Input,91: Output, 10: AD15/fo AD8,/11: A15 to A8
P1xF P1xC Pl? Pl? Pl? Pl‘.‘ P1.3 P1.2 Pl? Pl(.)
function function fungtion function function function function function
0 0 input port input port input port input port input port input port input port input port
0 1 output port | output port { ‘output port | output port{ output port | output port | output port [ output port
1 0 AD15 AD14 AD13 AD12 AD11 AD10 AD9 AD8
1 1 Al15 AlA A13 Al2 All A10 A9 A8
Note:<P1XF>/<P1XGC> is bijt X of eachfegister PIFC/PLCR/
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4.3 Port 2 (P20 to P27)

Port 2 is an 8-bit general-purpose 1/0 port. Each bit can be set individually for input or output using the control
register P2CR and function register P2FC. Reset operation initializes all bits of output latch P2 to “1”, and the con-

trol register P2CR and function register P2FC to “0”, and sets port 2 to input port.

In addition to functioning as a general-purpose 1/O port, port 2 can also function as address bus (AO to A5) and
address bus (A16 to A23).

Al6 to A23—>

@

>
> Selector

A0 to A7—>]

Reset

Direction
> control
(on bit basis)

P2CR write
Function

> control
(on bit basis)

P2FC write

»0utput latch %

Port 2
[ P20-pP27
(AO~AT7/A16~A23)

Internal data bus
Selector @

\ 4
>

Output buffer

P2 write

Y

S\

Selector
A

A

P2 redd

Figure 4-3 Port 2

Page 55 2007-10-15



TOSHIBA TMPILFWED
Port 2 Register
7 6 5 4 3 2 1 0
p2 Bit symbol P27 P26 P25 P24 P23 P22 P21 P20
(0006H) Read/Write RIW
After reset Data from external port (Output latch register is set to “1".)
Port 2 Control Register (Read-modify-write instructions are prohibited.)
7 6 5 4 3 2 1 0
Bit symbol P27C P26C P25C pP24C P23C P22C P21C P20C
P2CR Read/Write W
(0008H)
After reset 0 0 0 0 Q 0 0 0
Function <<Refer to columnof R2FC>>
Port 2 Function Register (Read-modify-write instructions are prohibited.)
7 6 5 4 3 2 1 0
Bit symbol P27F P26F P25F P24F P23F P22F P21F P20F
P2FC Read/Write W
(0009H)
After reset 0 0 0 0 0 0 0 0
Function P2FC/P2CR="00:tnput;01: Output, 10: A7 t6 A0,/1¥\A23 to A16
P2xF P2xC P2.7 P2§ P2.5 P24l1 P2.3 P2.2 PZEL P29
function function function function functien function function function
0 0 input port input port input.port input port input port input port input port input port
0 1 output port | output port {. eutput port | output port |, output port [ output port | output port | output port
1 0 A7 A6 A5 A4 A3 A2 Al AO
1 1 A23 A22 A21 A20 A19 Al18 Al7 Al16

Note: <P2XF>/<P2XGC> is hit)X of-each register P2FC/P2CR/ When setting to address bus A23 to A16, set P2FC after setting
P2CR. If P2CR is set after setting P2FC, A7 to.AO are outputted between setting P2FC and setting P2CR when P2CR is “0".
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4.4 Port3 (P30 to P33)

Port 3 is an 4-bit general-purpose 1/0 port. Reset operation initializes to input port. All bits of output latch register
P3 are set to “1”.

There are the following functions in addition to an I/O port. This function enable each function by writing “1” to
applicable bit of port 3 function register P3FC.

The input function of wait control (WAIT)

eThe input function of external interrupt (INT3, INT4)

eThe input function of 16-bit timer 3 (TB3INO, TB3IN1)

eThe output function of 16-bit timer 3 (TB3OUTO, TB3OUTL1)

oThe 1/0O function of serial bus interface 0 (SDAO, SCLO0)

Reset operation initializes, P3CR,P3FC and P3FC2 to “07, all bits are-set'to_input port.

And Port 30 and 31 have a programmable open-drain function which canbe controlled by-the ODE tegister.

o Reset

‘ ]{
Direction

control
(on bit basis)

P3CR write

Function
control 2
(on bit basis)

o
P3FC2 write
? 13 Open-drain

possible:
S A0S ODE<ODE30,31>

Selector |'>—<>—|:| P30(TB3INO,INT3,SDAO)

P3 write | B P31(TB3INL,INT4,SCLO)

SDAQ output
SCLO_output %
~/r__ ¥
Function
P —— control —

OutpGt | atch

Internal data bus

(onrbit basis)

()
P3FC write

SB

<] Selector

™
P3 read A

TBINOINT3 (1o
TB3INL,INT4

SDAO input 7|

SCLO input(_G_Gﬂ

P3FC2

Figure 4-4 Port 30 and 31
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Y Reset

Direction

control
(on bit basis)

P3CR write

Function
control
(on bit basis)

1 .
P3FC write

1

S
Output latch|

—A S
Selector . > ] P32(WAM TR30UTO)

7
P3 write ,_) B
TB3OUTO output
S B 53

! Selecter

;N

P3 read A

internal
WAIT

Internal data bus

| Reset

1
Direction

control
(on bit basis)

P3CR-write

T BE il
(B t#)
1
P3FC write

77—
S
Qutput latch

—{a S
selector 9 J|> [ ] p33(TB30UTL)

P3 write I_) B
TB30OUT1 output
S B \j

g Selector
|\l
P3 read A

Internal data bus

Figure 4-5 Port 32 and 33
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Port 3 Register

7 6 5 4 2 1 0
P3 Bit symbol - - - - P32 P31 P30
(000CH) Read/Write - — - - R/W
After reset - - - - Data from external port (Output latch register is set to “1”.)
Function output mode
Port 3 Control Register (Read-modify-write instructions are prohibited.)
7 6 5 4 2 1 0
Bit symbol - — — — P33C P32C P31C P30C
P3CR Read/Write W
(O00EH)
After reset - - - - 0 0 0
Function O:Input ¥'O@utput
Port 3 Function Register (Read-modify-write instructions are prohibited.)
7 6 5 4 2 1 0
P3FC Bit symbol - - - =~ P33F P32F P31F P30F
(000FH) Read/Write - - - < W
After reset - - = - 0 0 0
Port 3 Function Register 2 (Read-modify-write instfuctions ‘are prohibited.)
7 6 5 4 2 1 0
P3FC2 Bit symbol - < - - - P31F2 P30F2
(000DH) Read/Write - ~ — X - w
After reset - = - =~ - 0 0
P3xF2 P3xF P3xC P3_3 P3.2 P3?L P39
function function function function
0 0 0 input port input port input port input port
0 0 1 output port output port output port output port
0 1 0 reserved WAIT TB3IN1/INT4 TB3INO/INT3
0 1 1 TB30OUWT1 TB30OUTO reserved reserved
I 0 0 réserved reserved reserved reserved
1 0 1 reserved reserved SCLO SDAO
1 1 0 reserved reserved reserved reserved
1 1 1 reserved reserved reserved reserved

"010".

Note 1: <P3xF2>/<P3xF>/<P3xC> is bit X of each register P3FC2/P3FC/P3CR.
Note 2: Wen P32/WAIT pin is used as a WAIT pin, set P3CR<P32C> to "0" and Chip Select/WAIT control register <BnW2:0> to
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4.5 Port 4 (P40 to P44)

Port 4 is an 5-bit general-purpose 1/0O port. Reset operation initializes to input port, and connects a pull-up resistor.
All bits of output latch register P4 are set to “1”.

There are the following functions in addition to an I/O port. This function enable each function by writing “1” to
applicable bit of port 4 function register P4FC.

The output function of a chip select signal (CSO to CS3)

eThe 1/0O function of the serial channel 2 (RXD2, TXD2, SCLKZIm)

oThe output function of an Address latch enable signal (ALE)

eThe output function of a system clock signal (SCOUT)

Reset operation initializes, PACR,P4FC and P4FC2 to “0”, all bits are set to input port.

And Port 41 have a programmable open-drain function which can becontrolled by the ODE register.

Y Reset

—

Direction
control
(on bit basis)

T

PACR write
‘ 1
Function

control
(on bit basis)

PAFC write
1 1
Function

control 2
(on bit basis)

P-ch
PAFC2 write (Programmable

ﬁ 59 59 pull up)

S A
Odtput > . { | P40 ( TSO/scouT )

[ a;ch =5 _B) Output buffer
6

P4 write SCOUT-.~—>

Internal data bus

Selector

reserved

?_

o
e

P4 read

Figure 4-6 Port 40
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Internal data bus

Reset

—

Direction

control

(on bit basis)

T

P4CR write

1 ]{

Function

control

(on bit basis)

T

PAFC write

_—

Function

control 2

(on bit basis)

T

.

PAFC2 write

S

Output
latch

S1

T

P4 write

TXD2

reserved

(]
Selector

—_—

D
—_

R

Do

I\ A

Qpenydrain
possible:

©DE<ODE41>

-ch

(Programmable
pull up)

L~
Qutput buffer

X

Lol

P4read

Figure 4-7 Port 41

{ ] pat o8t VTXD2),

Input
(internal signal)

<ODE41>=0

<ODE41>=1

Output buffer

pull-up

Output buffer

pull-up

<P41>x0,CS1=0, TXD2=0

L Level output

OFF

L Level output

OFF

<P41527, CS1=1, TXD2=1

Htevel output

ON

Hi-z

ON

Page 61

2007-10-15



TOSHIBA

TMP91FW60

Internal data bus

Reset

—

Direction

1 1

control
(on bit basis)

T
P4CR write

Function
control

(on bit basis)

P4F$ write

1

S

o

N

P-Ch
(Programmable
pull up)

Output

latch

T

P4 write

Selector

Cs2

| -
Output buffer

\%

Lol |

P4 read

RXD2

Figure 4-8 Port 42

{ ] P42 (CS2//RXD2),
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Internal data bus

Reset

—

Direction
control

(on bit basis)

T
PACR write

1 ]f

Function

control
(on bit basis)

T
P4FC write

.

Function
control 2

(on bit basis)

T
P4FC2 write

1

S
Output

latch

S2

>0

S1

A

T

P4 write

B
CS3 _C)
SCLK2 —>
D

reserved

Selector

P

P-ch
(Programmable
pull up)

Olutput buffer

Y

SCLK2

Lo |

)
P4 read

CTS2

Figure 4-9° Port 43

{ P43 16S3./StLK2/CTS2 )
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Reset

—

Direction
control

(on bit basis)

PA4CR write

1 1

Function
control

Internal data bus

(on bit basis)

T
P4FC write

1

S

A

Do

N

P-¢h
(Programmable
pullup)

Output

latch

T

P4 write

B

Selector

ALE ‘|-)

P &
Qutput buffer

{ ] P44 (ALE)

Lol

P4 read

Figure 410 Port44
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Port 4 Register

7 6 5 4 3 2 1 0
P4 Bit symbol - - - P44 P43 P42 P41 P40
(0010H) Read/Write - — — R/W
Data from external port
After reset - - -
(Output latchregister is set to “1".)
Function 0 (Output latch register); Pull-up resistor OFF

1 (Output latch register): Pull-up resistor ON

Port 4 Control Register (Read-modify-write instructions are prohibited.)

7 6 5 4 3 2 1 0
Bit symbol - - - P44C P43C P42C P41C P40C
PACR Read/Write w
(0012H)
After reset - - - 0 0 0 0 0
Function 0: Input 1: Qutput

Port 4 Function Register (Read-modify-write instructions are prohibited.)

7 6 5 4 3 2 1 0
P4FC Bit symbol - - - P44AF P43F, P42F P41F P40F
(0013H) Read/Write - - ~ w
After reset - - ~ 0 0 0 0 0

Port 4 Function Register 2 (Read-modify-writejinstructiors are prohibited.)

7 6 5 4 3 2 1 0
P4FC2 Bit symbol - - - X P43F2 - P41F2 P40F2
(0011H) Read/Write - - - > w - w
After reset - - - 3 0 - 0 0
paxF2 | ‘Paxk/ | Paxc paa - pa2 P4l P40
function function function function function
0 0 0 input port input port input port input port input port
(SCLK2/CTS2) (RXD2)
0 0 1 output pert output port output port output port output port
0 1 0 reserved reserved reserved reserved reserved
0 1 1 ALE output Cs3 Ccs2 Cs1 Cso
1 0 0 input port reserved i:gﬁggt reserved reserved
1 0 1 output port SCLK2 output port TXD2 ScouT
1 1 0 reserved reserved reserved reserved reserved
1 1 1 ALE output reserved Ccs2 reserved reserved

Note 1: <P4xF2>/<P4xF>/<P4xC> is bit X of each register P4FC2/P4FC/P4CR.

Note 2: When port 4 is used as input mode, P4 register controls internal pull-up resistor. Read-modify-write instruction is prohib-
ited in input mode or I/0O mode. Setting the internal pull-up resistor may be depended on the states of the input pin.

Note 3: When outputting chip select signal (@ to @), set bit of control register (PACR) to “1” after setting bit of function regis-
ter (P4FC) to “1". If PAFC is set after setting PACR, value of P4 register is outputted between setting PACR and setting
P4FC.

Note 4: When setting TXD2 pin to open-drain output, write “1” to bit2 of ODE register. P42/RXD2 pin does not have a register
which changes Port/Function. For example, when it is also used as an input port, the input signal is inputted to SIO as
serial receiving data.
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4.6 Port5 (P50 to P57)

Port 5 is an 8-bit general-purpose 1/O port. By the reset action, it becomes Hi-Z and becomes analog input permis-
sion.All bits of output latch register P5 are set to “1”.

There are the following functions in addition to an I/O port.
eThe input function of the Analog/Digital Converter (ANO to AN7)
Reset operation initializes, PSCR,P5FC to “0”, all bits are set to input port.

M\ Reset

Direction
control
(on bit basis)

P5CR write

1)

Function
control
(on bit basis)

P5FC write

S Port’s
?:Egﬁt >—2 50 0 P37
T (ANO to ANT)
. S B
P5 write
ﬂ Selecgtor

P5 read A ‘

Internal data bus

AD AD

. channel
conversion | =
resutf convertor selector

ADréad fegister

Figure 4-11 Port 5

Page 66 2007-10-15



TOSHIBA

TMP91FW60

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 RIW
After reset Data from external port (Output latch register is set to*1".)
Port 5 Control Register (Read-modify-write instructions are prohibited.)
7 6 5 4 3 2 1 0
Bit symbol P57C P56C P55C P54C P53C P52C P51C P50C
P5CR Read/Write W
(0016H) After reset 0 0 0 0 0 0 0 0
Function 0: Input 1:Qutput
Port 5 Function Register (Read-modify-write instructions are prohibited/)
7 6 5 4 3 2 1 0
Bit symbol P57F P56F P55F P54F P53F P52F P51F P50F
Read/Write W
PSFC After reset 0 0 0 0 0 0 0 0
(0017H) P57 input P56 input P55 input P54 input P53 input P52 input P51 input P50 input
Function O:disable 0O:disable O:disahle O:disable O:disable O:disable O:disable O:disable
l:enable 1:enable T:enable l:enable 1:enable l:enable 1:enable l:enable
P57 P P P54 P P52 P51 P
PoxF Poxc funftion funfti60n funcst?on funcstion funcstigon funcstion funtftion funcst?on
0 0 input disable | inpdtdisable | input disable |~input-disable | input disable | input disable | input disable | input disable
0 1 output port \| ‘eutplt/port output port A~ output port | output port | outputport | output port output port
1 0 input enable-|_input enable | 4nput enable’]/input enable | input enable | input enable | input enable | input enable
1 1 output port output port output pert [—eutput port | outputport | outputport | output port output port

Note 1: <P5xF>/<P5xC> is bit"X of each register PSFC/P5CR.
Note 2: Thelinput/channel selection of AD converter.are set by AD converter mode register ADCCR1.
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4.7 Port 6 (P60 to P67)

Port 6 is an 8-bit general-purpose 1/O port. By the reset action, it becomes Hi-Z and becomes analog input permis-
sion.All bits of output latch register P6 are set to “1”.

There are the following functions in addition to an I/O port.

eThe input function of the Analog/Digital Converter (AN8 to AN15)

Reset operation initializes, P6CR,P6FC to “0”, all bits are set to input port.

Reset

Direction

control
(on bit basis)

P6CR write

Function

control
(on bit basis)

EﬁEi write

Internal data bus

S
Output

latch

P6 write
!

S

AN
P6 read

Selector

s

B

H

AD ‘read

AD
conversion
result
tegister

AD
convertor

channel

selector

Figure 4-12 Port 6

(ANS to AN15)
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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 RIW
After reset Data from external port (Output latch register is set to*1".)
Port 6 Control Register (Read-modify-write instructions are prohibited.)
7 6 5 4 3 2 1 0
Bit symbol P67C P66C P65C P64C P63C P62C P61C P60C
P6CR Read/Write W
(001AH) After reset 0 0 0 0 0 0 0 0
Function 0: Input 1:Qutput
Port 6 Function Register (Read-modify-write instructions are prohibited/)
7 6 5 4 3 2 1 0
Bit symbol P67F P66F P65F P64F P63F P62F P61F P60F
Read/Write W
P6FC After reset 0 0 0 0 0 0 0 0
(001BH) P67 input P66 input P65 input P64 input P63 input P62 input P61 input P60 input
Function O:disable 0O:disable O:disahle O:disable O:disable O:disable O:disable O:disable
l:enable 1:enable T:enable l:enable 1:enable l:enable 1:enable l:enable
P67 P P P64 P P62 P61 P
PexF pexc funcGtion func6ti60n fun((:st?on funftion funftigon funftion funcGtion fun:t?on
0 0 input disable | inpdtdisable | input disable |~input-disable | input disable | input disable | input disable | input disable
0 1 output port \| ‘eutplt/port output port A~ output port | output port | outputport | output port output port
1 0 input enable-|_input enable | 4nput enable’]/input enable | input enable | input enable | input enable | input enable
1 1 output port output port output pert [—eutput port | outputport | outputport | output port output port

Note 1: <P6xF>/<P6xC> is bit"X of each register P6FC/P6CR.
Note 2: Thelinput/channel selection of AD converter.are set by AD converter mode register ADCCR1.
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4.8 Port 7 (P70 to P75)

Port 7 is an 6-bit general-purpose 1/0 port. Reset operation initializes to input port. All bits of output latch register
P7 are set to “1”.

There are the following functions in addition to an 1/O port. This function enable each function by writing “1” to
applicable bit of port 7 function register P7FC.

oThe 1/O function of 8-bit timer 01 (TAOIN,TA1OUT)

oThe output function of 8-hit timer 23 (TA30UT)

oThe 1/O function of 8-bit timer 45 (TA4IN,TA50UT)

eThe input function of external interrupt (INTO)

Reset operation initializes, P7CR and P7FC to “0”, all bits are set to input port.

M\ Reset

Direction
> control
(on bit basis)

P7CR write
S

»{Output latch

270 (TAOIN)

P73 (TA4IN)
7

\

Y
S B
Setecter

A

P7 write

b

A

A

A

P7 read

TAOIN _
TA4IN €

Reset

o Direction
> cantral
(on-bit\basis)

Internal data bus

J

P7CR write

Function
> control
(on bit basis)

P7FC write

S '
= e P71 (TA1OUT)
> Output, |atéh n e M [] P72 (TA30UT)
L~ P74 (TA5OUT)

R
g =]

P7 arite

TimerF/F OUT ?7
[TAlOUT: TMRA1 ]

TA30OUT: TMRA3
TA50UT: TMRAS

A

B
% ﬂ Selector
S |«
P7 Read f

Figure 4-13 Port 70 to 74
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~ Reset

Direction
control
(on bit basis)

P7CR write

Function
control  ——
(on bit basis)

r
P7FCwrite

Internal data bus

S
Output latch P75(INTO)

P7 write

S B
<] Selector

N
P7 Read A

Level/edge
INTO <—C‘: &

Rising/falling~detect

T

IIMC<IOLE IOEDGE>

Figure 4-14 Port/75
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Port 7 Register
7 6 5 4 3 2 1 0
p7 Bit symbol - - P75 P74 P73 P72 P71 P70
(001CH) Read/Write - - R/W
After reset - - Data from external port (Output latch register is set to “1”.)

Port 7 Control Register (Read-modify-write i

nstructions are prohibited.)

7 6 5 4 3 2 1 0
Bit symbol - — P75C P74C P73C P72C P71C pP70C
(PO7O?I:H) Read/Write - - W
After reset - - 0 0 0 0 0 0
Function Q:taput 1: Output
Port 7 Function Register (Read-modify-write instructions are prohibited.)
7 6 5 4 3 2 h 0
Bit symbol - - P75F P74F - P72F P71F -
Z)ZJFMC:H) Read/Write - - W - w -
After reset - - 0 o] - 0 0 -
. 0: port 0:.port 0: port 0: port
Function 1 IpNTO 1 '[I)'ASOUT 1 '[I)'ASOUT 1 'FI)'A10UT
R75-INTO setting
<P75F> <IOLE> <IOEDGE>, INTO
1 0 0 Rising edge detect INT
1 0 1 falling edge detect INT
1 1 0 H level INT:
1 1 1 L level INF
P7xF P7xC PY? P7‘.‘ P7.3 P7.2 Pﬂ- P79
function fungtion functien function function function
0 0 input port input port input port input port input port input port
(TA4IN) (TAQIN)
0 Y output port output port output port output port output port output port
1 0 INTO reserved reserved reserved reserved reserved
1 1 reserved TA5QUT reserved TA30UT TA1OUT reserved

Note 1: <P7xF>/<P7xC> is bit X-of\each register P7TFC/P7CR.

Nate 27 P70/TAOIN, P73/TA4IN pin dose not have a register changing PORT/FUNCTION. For example, when it is used as an
input port, the input signal is.inputted to 8bit Timer.
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49 Port8

(P80 to P87)

Port 8 is an 8-bit general-purpose 1/0 port. Reset operation initializes to input port. All bits of output latch register
P8 are set to “1”.

There are the following functions in addition to an 1/O port. This function enable each function by writing “1” to
applicable bit of port 8 function register P8FC.

eThe 1/O function of 16-bit timer 0 (TBOINO,TBOIN1,TBOOUTO0,TBOOUT1)
eThe I/O function of 16-bit timer 1 (TB1INO,TB1IN1,TB1OUTO0,TB10OUT1)
eThe input function of external interrupt (INT5 to INT8)

Reset operation initializes, PBCR and P8FC to “0”, all bits are set to inputort.

Reset

3

Direction

> control
(on bit basis)

P8CR write

Function

control
(on bit basis)

P8FC write

S

P80 (TBOINO/INTS
| ( )

»0utput latch

P8 write

e

Y
S B

A

Peléctorn

Internal data bus

A

P8 read

TBOINO, INT5
TBOINL, INT6
TB1INO, INT7
TB1IN1, INT8

Reset

Diregtion

P81 (TBOIN1/INT6)
P84 (TB1INO/INT7)
?— P85 (TB1IN1/INT8)

A

A

A
> contral
(on bit basis)

P8CR write

J

Eunhction

> control
(on bit basis)

P8EC/write

"

y

»(0utput [dtch

P8 write

Timer F/F OUT
TBOOUTO: TMRBO
TBOOUT1: TMRBO
TB1OUTO: TMRB1
TB1OUT1: TMRB1

P82 (TBOOUTO)
[] P83 (TBOOUTL)

R

g =]

A

B

) N

P8 read

elector]

Belecto I/

P86 (TB1OUTO)
P87 (TB1OUT1)

-

S |«

A
Figure 4-15 Port 8

Page 73

2007-10-15



TOSHIBA

TMP91FW60

Port 8 Register

7 6 5 4 3 2 1 0
P8 Bit symbol P87 P86 P85 P84 P83 P82 P81 P80
(0020H) Read/Write R/W
After reset Data from external port (Output latch register is setto “1”.)
Port 8 Control Register (Read-modify-write instructions are prohibited.)
7 6 5 4 3 2 1 0
Bit symbol P87C P86C P85C P84C P83C pP82C P81C P80C
P8CR -
(0022H) Read/Write w
After reset 0 0 0 0 o I 0 a 0
Function 0: Input A Qutput
Port 8 Function Register (Read-modify-write instructions are prohibited.)
7 6 5 4 3 2 1 0
Bit symbol P87F P86F P85F P84F P83F P82F P81F P8OF
P8rC Read/Write w
(0023H)
After reset 0 0 0 0 0 0 0 0
0: port 0: port 0: port 0: port 0: port O0port 0: port 0: port
Function 1: TB1OUT1 | 1: TB1OUTO | 15TB4IN1, 1: TB1INO, 1: TBOQUT1 | 1: TBOOUTO | 1: TBOIN1, 1: TBOINO,
INT8 INT7 INT6 INT5
P8xF P8xC P8,7 P8§ P8.5 Psfl P8.3 PB? P8Al PS(.)
function function function fupetion function function function function
0 0 input port input port input port input\pert input port input port input port input port
0 1 output port, |\ /odtput port | output port | outputport’| outputport | outputport | outputport | output port
1 0 reserved reserved TBLINY FECNO/ reserved reserved TBOINY/ TBOINO/
INT8 INT/7 INT6 INT5
1 1 TB1QUT1 TB1OUTO reserved reserved TBOOUT1 TBOOUTO reserved reserved
Note: <P8xF>/<P8xC> is bit X of each register R8FC/P8CR.
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4.10 Port 9 (P90 to P97)

e Port 90 to 95

Port 90 to 95 are a 6-bit general-purpose 1/0 port. Reset operation initializes to input port. All bits of
output latch register are set to “1”.

In addition to functioning as a I/O port, port 90 to 95 can also function-as /O of SIO0, SIO1. This func-
tion enable each function by writing “1” to applicable bit of port 9 functionregister P9FC.

Reset operation initializes PO9CR and P9FC to “0”, all bits are set to input-port,
» Port 96 to 97

Port 96 to 97 are a 2-bit general-purpose 1/0 port. In case of-qutput.part, this is open drain output. Reset
operation initializes output latch register and control register to*1”, andit’is set to “High-Z” (High imped-
ance).

In addition to functioning as a 1/O port, port 96 to 97 can-also-function as low-frequency oscillator con-
nection pin (XT1 and XT2) during using low speed clock‘function, Therefore, dual clock-function can use
by setting of system clock control registers SYSCRO and SYSCR1.

4.10.1 Port 90 and 93 (TXDO0 and TXD1)

In addition to functioning as a 1/0 port, Port 90 @nd*93-can also function@s TXD output pin of serial channel.

And Port 90 and 93 have a programmable epen-drain function which-can.beontrolled by the ODE register.

Y Reset

Direction
control
(on bit basis)

POCR write
9 Function
a > control
8 (on-bit basis)
S
°
[ POFC_write Open-drain
5 possible:
£ ODE<ODE90,93>
S Y
> Output’ latch >AS N P90 (TXDO)
Belecto | U] P93 (TXD1)
>B Qutput buffer
P9 write

TXDO, TXD1 * ?7

S B[«
<—ﬂ Belecto
A

N P9\read

A

Figure 4-16 Port 90 and 93
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4.10.2 Port91(RXDO), 94 (RXD1)

In addition to functioning as a 1/0 port, port 91 and 94 can also function as RXD input pin of serial channel.

Reset

Y
Direction
A

> control
(on bit basis)

POCR write

¥

S
P XD
Output latch L] szll gSXD%

Y

)t

Internal data bus

)
P9 write ST ?7

/I Selector

< N '

P9 read

A

RXDO, RXD1 <«

Figure 4417 PRort 91 and- 94
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4.10.3 Port 92(CTS0/SCLKO), 95 (CTS1/SCLK1)

In addition to functioning as a 1/O port, port 92 and 95 can also function as CTS input pin or SCLK 1/O pin of
serial channel.

M\ Reset

'

Direction
control
(on bit basis)

POCR write
9 Function
o2 > control
% (on bit basis)
©
© POFC write
T
IS
IS S y
T >§ lecto L~ P95 (SCLK1/CTS1)
P9 write ’_)
SCLKO, ?7
SCLK1 output Y
S B«
< Petecto
~J A€
P9 read
CTSO, CTS1 <

SCLKO, SCLK1 input"

Figure 4-18 Port 92-and 95
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4.10.4 Port 96 (XT1), 97 (XT2)

In addition to functioning as a /O port, port 96 and 97 can also function as low frequency oscillator connec-
tion pins.

M\ . .
Reset ~ — | Low-frequency osci Natiohyenhable

Function
control
(on bit basis)

POFCwrite
Direction

control
(on bit basis)

)

PICR write
S

Output latch L } * [\]P96 (xT1)

Output buffer

T
POWr | \tbe @

S

B
YSe lector
A

P9 read
(On at 1)o 7

Iﬁ
Funetion

control
(on bit basis)

Internal data bus

POFC write
lbﬁ
Direction

control
(on bit basis)

POCR [ write
S

Output)\ | atch | >— ' [ ]po7 x12)

Output buffer

POwrite

M T;l Low-frequency clock (fs)
S

Selector
N\ A
P9read

Figure 4-19 Port 96 and 97
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Port 9 Register
7 6 5 4 3 2 1 0
P9 Bit symbol P97 P96 P95 P94 P93 P92 P91 P90
(0024H) Read/Write RIW
After reset Data from external port (Output latch register is set to “1".)
Port 9 Control Register (Read-modify-write instructions are prohibited.)
7 6 5 4 3 2 1 0
Bit symbol P97C P96C P95C P94C RP93C P92C P91C P90C
PI9CR
Read/Write W
(0026H)
After reset 1 1 0 0 Q 0 0 0
Function 0: Input 1: Output
Port 9 Function Register (Read-modify-write instructions are prohibited.)
7 6 5 4 3 2 1 0
Bit Symbol P97F P96F P95F - P93F P92F ~ P9OF
PIFC Read/Write w W w
(0027H)
After reset 0 0 0 - 0 0 - 0
Port Port 0: port 0: port 0: pert 0: port
Function 0: disable 0: disable 1: SCLK1 1: TXD1 outt } 1: SCLKO 1: TXDO out-
1: enable 1: enable output put oGtput put
P97 P96 P95 P94 P93 P92 PI1 P90
PIxF P9xC ) - - . ) . . .
function function function function function function function function
0 0 XT2 XT1 input port input port input port input port input port input port
0 1 reserved reserved output port | output'port-| output port | output port | output port | output port
1 0 input port input, port reserved reserved reserved reserved reserved reserved
1 1 output port [~output port SCLK1 reserved TXD1 SCLKO reserved TXDO

Note 3:

Note 1: <P9xF>/<P9xC>.is/bit X of each register PORC/PICR.
Note 2: When setting TXD_pin_ to open-draip output;-write“1% to bit3 of ODE register (for TXDO pin), or bit4 (for TXD1 pin). P91/

RXDO0 and P94/RXD1.pin does not have-a register-which changes Port/Function.
For example, when it is also used as an input.port, the input signal is inputted to SIO as serial receiving data.

Low freqliency oscillation circuit

To connect a-low frequency resonater to port 96 and 97, it is necessary to set a following procedure to reduce the con-
sumption.power supply.
(Case of'resonator connection)
PACR<P96C, P97C> = “117,P9<R96:97> = “00”
(Case-of-external clock inpuf)
PACR<P96C, P97C> = 411%,'P9<P96:97> = “10”
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4.11 Port A (PAO to PA3)
Port A is an 4-bit general-purpose 1/O port. Reset operation initializes to input port. All bits of output latch register
PA are set to “1”.

There are the following functions in addition to an I/O port. This function enable each function by writing “1” to
applicable bit of port A function register PAFC.

eThe 1/O function of 16-bit timer 2 (TB2INO,TB2IN1,TB20UT0,TB20UT1)
eThe input function of external interrupt (INTZ1, INT2)
Reset operation initializes, PACR and PAFC to “07, all bits are set to input port.

Reset

Direction
> control
(on bit basis)

PACR write

|

Function
control
(on bit basis)

PAFC write

% S N PAO(TB2INO/INTL)
P0utput latch L~ ] PA1 (TB2IN1/INT2)

. Y
PA write S8

< < Betectod]
A

A

A

PA read

TB2INO, INT1<—( =

TB2IN1, INT2

Reset

Internal data bus

Directign
A

> control
(an bit/basis)

PACR write
Function

> control
(on bit basis)

PAFC write

S y
> 0utput/ }atch >A S N PA2 (TB20OUTO)
Kelector > [ pa3 (TB20UTL)

R
g =]

PA write

Timer F/F OUT E
TBO2UTO: TMRB2
TB0O2UT1: TMRB2
Bl<€
i
<t

\[\I Selector
S <

PA read ﬁ
Figure 4-20 Port A
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Port A Register

7 6 5 4 3 2 1 0
PA Bit symbol - - - - PA3 PA2 PA1 PAO
(0028H) Read/Write - - - - RIW
After reset - - - - Data from external port (Output latch register is set to “1".)
Port A Control Register (Read-modify-write instructions are prohibited.)
7 6 5 4 3 2 1 0
Bit symbol - - - - RPA3C PA2C PA1C PAOC
PACR
Read/Writ - - - -
(002AH) eadme
After reset - - - - Q 0 0 0
Function - - - - 0: Input 1: Output
Port A Function Register (Read-modify-write instructions are prohibited.)
7 6 5 4 3 2 1 0
Bit symbol - - - - PA3F PA2F PALF PAOF
PAFC Read/Write
(002BH)
After reset - - - - 0 0 0 0
. f 0: port 0: port
Function - - = - 0: port O:pprt 1:TB2IN1, | 1:TB2INO,
1+-FB20UT14 1. TB20UTO
INT2 INT1
PA3 PA2 PA1 PAO
PAXC PAXF . - . .
function function function funetion
0 0 input port input port input port input port
0 1 output port |—output-port output port output port
1 0 reserved réserved TB2IN1/INT2 | TB2INO/INT1
1 1 TB20OUT1 TB20OUTO reserved reserved
Note: <PAXF>/<PAXE>"is bit X of each register PAFC/PACR-
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4.12 Port B (PBO to PB3)
Port B is an 4-bit general-purpose 1/0 port. Reset operation initializes to input port. All bits of output latch register

PB are set to “1”.

There are the following functions in addition to an I/O port. This function enable each function by writing “1” to
applicable bit of port B function register PBFC.

eThe 1/0 function of 16-bit timer 4 (TB4INO,TB4IN1,TB40OUTO0,TB40OUT1)
eThe input function of external interrupt (INT9, INT10)

oThe 1/O function of serial bus interface 1 (SDAL, SCL1)

Reset operation initializes, PBCR and PBFC to “0”, all bits are set to input.port:

~ Reset

‘ ]{
Direction

control
(on bit basis)

) PBCR write
Function
control 2
(on bit basis)
0 4
3 PBFC2 write
% ? 13 Open-drain
° passible:
T S ODE=<QDEBO0,B1>
c A S
5 Output latch
= N
£ Sefectof L>—— | PBO(TB4INO,INT9,SDAL)
PB write | B PB1(TB4IN1,INT10,SCL1)
SDAL1 foutput
SCL1 output ] %

(on bit basis)

- A
Function
P — control =

T
PBFC write
S B o
’d Selector
A
PB read A

TB4INO,INT9 (_G:
TB4IN1,INT10

SDA1 input

scL1 input(_@Gﬂ

PBFC2

Figure 4-21 Port BO and B1
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™ Reset

Direction
control
(on bit basis)

PBCR write

Function
control
(on bit basis)
1

PBFC write

3

S
— S
Output latch A

Selector ’ P52 cq~/ 7] PB2(TB4OUTO)
PB write | B RPB3(TB4OUTI1)

TB4OUTO output

TB4OUT1 output S <€
Bl

<] Selector

Internal data bus

\l“ d
PB rea A

Figure 4-22 Port B2 and B3
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Port B Register

7 6 5 4 3 2 1 0
PB Bit symbol - - - - PB3 PB2 PB1 PBO
(002CH) Read/Write - - - - RIW
After reset - - - - Data from external port (Output latch register is set to “1".)
Port B Control Register (Read-modify-write instructions are prohibited.)
7 6 5 4 3 2 1 0
Bit symbol - - - - PB3C PB2C PB1C PBOC
PBCR
Read/Writ - - - - w
(002EH) cadrmmte
After reset - - - - Q 0 0 0
Function - - - - 0: Input 1: Output
Port B Function Register (Read-modify-write instructions are prohibited.)
7 6 5 4 3 2 1 0
Bit symbol - - - - PB3F PB2F PB2F PBOF
PBFC
Read/Writ - - - = w
(002FH) cadrmte
After reset - - - - 0 0 0 0
Port B Function Register 2 (Read-modify-write instructions.are prohibited.)
7 6 5 4 3 2 1 0
Bit symbol - - - - = - PB1F2 PBOF2
PBFC2 Read/Write w
(002DH)
After reset - - - - - - 0 0
PB3 PB2 PB1 PBO
PBxC PBxF PBxF2 i . . .
function function function function
0 0 0 input port input_port input port input port
1 0 0 output port output port output port output port
0 1 0 reserved reserved TB4IN1/INT10 | TB4INO/INT9
1 1 0 TB4OUT1 TB40OUTO reserved reserved
0 Q 1 reserved reserved reserved reserved
1 0 1 reserved reserved SCL1 SDA1l
0 1 1 reserved reserved reserved reserved
1 1 1 reserved reserved reserved reserved
Note:~<PBxF>/<PBxC> is bit-X of each register PBFC/PBCR.
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4.13 Port Z (PZ0 to PZ3)

Port Z is a 4-bit general-purpose 1/0 port (however PZ0 and PZ1 are only output port). Each bit can be set individ-
ually for input or output using the control register PZCR and function register PZFC. Reset operation initializes all
bits of output latch PZ to “1”, and the control register PZCR and function register PZFC to “0”. And PZ0 and PZ1
output “High”, and sets PZ2 and PZ3 to input port with pull-up resister.

In addition to functioning as a general-purpose /O port, port Z can also function as the output for the CPU’s con-
trol/status signal.

If PZ0 is defined as RD signal output mode (<PZOF> = “1") and the output latch register <PZ0> is cleared to “0”,
RD strobe of PZ0 is outputted (for pseudo static RAM) even when accessing internal address.

If <PZ0 > remains “1”, RD strobe signal is output only when external address.area is accessed.

M\ Reset

Direction

»| control
(on bit basis)

PZFC write

S
»(0utput latch »A

N PZ0(RD)
L~ o Pz1 (WR)
Output buffer

Selgctor V%

PZ write

<—§]7

~NJ PZ read

g
3

Figure 4-23 Port’Z0-and Z1
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Reset

Direction
control
(on bit basis)

PZCR write

Internal data bus

Function
control
(on bit basis)

PZFC write

1

S

wn

'\

Output latch

PZ write

\

Selector

‘_lw >

I
=
Py

[

Output buffer

P-ch
(Programmable
pull up)

Internal data bus

]

Reset

—

Direction
control
(on bit basis)

PZread

PZCR write

Function
control
(on bit basis)

RZFC write

R

S
Output latch

‘ >0

PZ write

e

Selector

Output buffer

P-ch
(Programmable
pull up)

PZ read

Figure 4-24 Port Z2 and Z3

’—D PZ2(HWR)

—1 | PZ3(R/W )
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Port Z Register
7 6 5 4 3 2 1 0
pz Bit symbol - - - - Pz3 Pz2 PZ1 PZ0
(007DH) Read/Write - - - - RIW
Data from external port
After reset - - - - (Output latch register-is set 1 1
t0*1")
0 (Output latch register):
) Pull-up resistor OFF
Function - ] output mode
1 (Output lateh register):
Pull-up resistor/ON

Port Z Control Register (Read-modify-write instructions are prohibited.)

7 6 5 4 3 2 1 0
Bit symbol - - - - RZ3C Pz2C - -
PZCR
¢ Read/Write - - - - ~ -
(007EH)
After reset - - - - 0 0 = -
Function - O:Input 1:Output
Port Z Function Register (Read-modify-write instructions are prohibited.)
7 6 5 4 3 2 1 0
Bit symbol - - - - PZ3F PZ2F PZ1F PZOF
PZFC
Read/Writ - - = - w
(007FH) eadmmte
After reset - - — - 0 0 0 0
) 0: port 0: port 0: port 0: port
Function - -~ < - — — — —
1L.R/IW 1: HWR 1: WR 1: RD
Pz3 Pz2 Pz1 PZ0
PZxF PZxC PZX . ) . .
function function function function
0 0 0 input port input port Output “0”. Output “0”.
0 0 1 input port input port Output “1”. Output “1”.
0 1 0 output port [~.outputport Output “0”. Output “0”.
0 1 1 output port | output port Output “1”. Output “1”.
1 p 3 R reserved WR is output only during Always output RD.(Corre-
external accesses. spond to pseudo SRAM)
— WR is output only duri RDi i
1 0 1 RV reserved is output only during RD is output only during
external accesses. external accesses.
JR— WRi t only duri Al t RD. -
1 1 o reserved AR is output only during ways outpu (Corre
external accesses. spond to pseudo SRAM)
— WRi t only duri RDi i
1 1 1 reserved TWR is output only during RD is output only during
external accesses. external accesses.

Note 1: <PZxF>/<PZxC> is bit X of each register PZFC/PZCR.

Note 2: When port Z is used as input mode, PZ register controls internal pull-up resistor. Read-modify-write instruction is prohib-

ited in input mode or I/0O mode. Setting the internal pull-up resistor may be depended on the states of the input pin.
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4.14 Open-drain Control
P30,P31,P41,P90,P93,PB0,PB1 can perform selection of an open-drain output per bit. Reset operation initializes

all bits of the control register ODE to “0” and sets to CMOS output.

Open-drain Control Register

7 6 5 3 2 1 0
ODE Bit symbol - ODEB1 ODEBO ODE93 ODE90 ODE41 ODE31 ODE30
(003FH) Read/Write - RIW
After reset - 0 0 o o o 0
Function 0: CMOS output
1:Open drain output
2007-10-15
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5. Chip Select/Wait Controller

On the TMP91FW®60, four user specifiable address areas (CSO to CS3) can be set. The data bus width and the
number of waits can be set independently for each address area (CSO to CS3 and others).

The pins CS0 to CS3 (which can also function as port pins P40 to P43) are the respective output pins for the areas
CS0 to CS3. When the CPU specifies an address in one of these areas, the corresponding €S0 to CS3 pin outputs the
chip select signal for the specified address area (in ROM or SRAM). However, in arder for the chip select signal to
be output, the port 6 function register PAFC,P4FC2 must be set.

The areas CS0 to CS3 are defined by the values in the memory start address registers MSARO to MSAR3 and the
memory address mask registers MAMRO to MAMR3.

The chip select/wait control registers BOCS to B3CS and BEXCS should be used to specify the master enable/dis-
able status the data bus width and the number of waits for each address area.

The input pin controlling these states is the bus wait request pin (WAIT).

5.1 Specifying an Address Area

The CSO to CS3 address areas are specified using the\start address registers (MSARQt0 MSAR3) and memory
address mask registers (MAMRO to MAMR3).

At each bus cycle, a compare operation is performed to.determine if the address an the specified a location in the
CSO0 to CS3 area. If the result of the comparison is(a match, this indicates an(aceess'to the corresponding CS area. In
this case, the CS0 to CS3 pin outputs the chip select signal and the bus-cycle-operates in accordance with the settings

in chip select/wait control registers BOCS to B3CS. (See™ 5.2 Chip Select/\Wait Control Registers ".)

5.1.1 Memory start address registers

The memory start address registers MSARO to MSAR3 set the start addresses for the CS0O to CS3 areas. Set

the upper 8 bits (A23 to A16).of-the-start address in <S23:16>. The lower 16 bits of the start address (A15 to
A0) are permanently set to0/ Accordingly, the start-address can only be set in 64-Kbyte increments, starting

from 000000H,/Figure 5-1_shows the relationship-between the start address and the start address register value.

Memory Start Address Registers (for areas CS0 to-CS3)

7 6 5 4 3 2 1 0
MSARO Bit symbol S23 S22 S21 S20 S19 S18 S17 S16
(00C8H) Read/Write R/W
MSAR1 Afterreset 1 1 1 1 1 1 1 1
(00CAH)
MSHR2 Determine A23 to A16 of start add

etermine 0 of start address
(0O0CCHY Function
(Set start addresses for areas CSO0 to CS3.)
MSAR3
(00CEH)
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Value in start address register
(MSARO to MSAR3)

Start address

Address < 0000000 - o

000000H ¢ 64 Kbytes P
) 010000H -------- 01H
< 020000H -~ -+ 02H
< 030000H -------- 03H
< 040000H -------- 04H
< 050000H -« - ---- 05H
< 060000H - ------- 06H

to to

< FFOOOOH - -.--... FEH

FFFFFFH

Figure 5-1 Relationship between Start Address and Start Address Register Value

5.1.2 Memory address mask registers

Memory address mask registers MAMRO to MAMRS3 are used to set the size of the ‘€S0 to CS3 areas by
specifying a mask for each bit of the start address setin memory start address’registers MAMRO to MAMR3.
The compare operation used to determine if anCaddress-is in the CS0 to CS3 areas is only performed for bus
address bits corresponding to bits set to “0”-in.these-registers. Also, the-address’bits that can be masked by
MAMRO to MAMR3 differ between CS0 to CS3-areas. Accordingly,(the/sizé that can be each area is different.

Memory Address Mask Register (for CSO0 area)

MAMRO
(00C9H)

7 6 5 4 3 2 1 0
Bit symbol V20 V19 V18 V17 V16 V15 V14 to V9 V8
Read/Write RIW
After reset 1 ¥ 1 1 1 1 1 1
Function Set size/of €S0area 0: Used for address compare

Note: Range of possible settings for-CS0 area size: 256 bytes/to 2 Mbytes.

Memory Address Mask Register (CS1)

MAMR1
(00CBH)

7 6 5 4 3 2 1 0
Bitysymbol V21 V20 V19 V18 V17 V16 V15 to V9 V8
Read/Write R/W
After reset 1 1 1 1 1 1 1 1
Function Set size of CS1 area 0: Used for address compare

Note:-Range of possible settings for-CS1 area size: 256 bytes to 4 Mbytes.

Memory Address Mask Register (CS2, CS3)

MAMR2
(00CDH)

MAMR3
(00CFH)

7 6 5 4 3 2 1 0
Bit symbol V22 V21 V20 V19 V18 V17 V16 V15
Read/Write R/W
After reset 1 1 1 1 1 1 1 1
Function Set size of CS1 area 0: Used for address compare

Note: Range of possible settings for CS2 and CS3 area sizes: 32 Kbytes to 8 Mbytes.
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5.1.3 Setting memory start addresses and address areas
Figure 5-2 shows an example of specifying a 64-Kbyte address area starting from 010000H using the CSO
areas.

Set “01H” in memory start address register MSAR0<S23:16> (Corresponding to the upper 8 bits of the start
address). Next, calculate the difference between the start address and the anticipated end address (O1LFFFFH).
Bits 20 to 8 of the result correspond to the mask value to be set for the CSO area. Setting this value in memory
address mask register MAMRO0<V20:8> sets the area size.

This example sets “07H” in MAMRO to specify a 64-Kbyte area.

[0JO0fOfOJOJOJO|L1|1]21]1]2]2]2]21]21]21]2 ]l Iiyn]D]a |

AEYERT
| 0 | 1 | F | F | F | F [H 7 FLR
CS0Z2Rs
S23 S22 S21 S20 S19 S18 S17 S16 YA R
msaro (0o fofofo|o]o1] AEY (64 K/AA )
XE—k
) | 0 | 1 [H TR
_______________ V20 V19 V18 V17 V16 V15 V14 ~ V9 v \V ) o N oy kL=
msMroioioio|ofofofofof1|1 1 1 1 1 afgfr 1 1 1 191l \ZzHlozs
s § (NG =S Rl

| 0 7 JH

I
|—> "OTH'"ZERET A E TOAKAA FERZIEETEEY,

Figure 5-2 Example Shewing How to-Set the €S0 Area

After a reset, MSARO to MSAR3/andcAMAMRO to MAMR3-are set to “FFH”. BOCS<BOE>, B1CS<B1E>
and B3CS<B3E> are reset to “0”. This disables the CS0, CS1 and-CS3 areas. However, as B2CS<B2M> to “0”
and B2CS<B2E> to “1”, CS2 is enabled*“002000 to FDFFFF” in TMP91FW&60. Also, the bus width and num-
ber of waits specified in BEXCS are used for accessing addresses outside the specified CSO to CS3 area.
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5.1.4 Address area size specification

Table 5-1 shows the relationship between CS area and area size. “A” indicates areas that cannot be set by
memory start address register and address mask register combinations. When setting an area size using a com-
bination indicated by “A”, set the start address mask register in the desired steps-starting from 000000H.

If the CS2 area is set to 16 Mbytes or if two or more areas overlap, the smallerCS areanumber has the higher
priority.

5.1.4.1 To set the area size for CS0 to 128 Kbytes:

Example: Valid start addresses
000000H
~L (128 Kbytes)
020000H
»Jz (128 Kbytes) Any of these addresses may be set as the start address.
040000H
4 (128 Kbytes)
060000H

Example: Invalid start addresses
000000H
»Jr (64 Kbytes)

010000H
This is not an integer muttiple of the desired area size setting.

J’ (128 Kbytes) Hence, nahe-of these addresses can be set as the start address.

030000H
4 (128 Kbytes)
050000H

Table 5-1 Valid“Area-Sizes for Each CS Area

Size (Bytes)
256 512 32 K 64 K 128 K 256 K 512K 1M 2M 4 M 8M
cso o) o) o o) A A A A A
g st o) o) o) A A A A A A
8 cs2 o) o) A A A A A A
cs3 (0] (0] A A A A A

Note: “A” indicates areas that cannot be set by memory start address register and address mask register combinations.
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5.2 Chip Select/Wait Control Registers

The master enable/disable, chip select output waveform, data bus width and number of wait states for each
address area (CS0 to CS3 and others) are set in their respective chip select/wait control registers, BOCS to B3CS and

BE

XCS.

Chip Select/Wait Control Registers

BOCS
(00COH)
RMW
instructions
are prohib-
ited.

B1CS
(00C1H)
RMW
instructions
are prohib-
ited.

B2CS
(00C2H)
RMW
instructions
are prohib-
ited.

B3CS
(00C3H)
RMW
instructions
are prohib-
ited.

Chip select output waveform selection

BnOM1:0
(n=0to 3)

00 for ROM/SRAM
01

10 Don't care

11

7 6 5 4 3 2 1 0
Bit symbol BOE - BOOM1 BOOMO BOBUS BOW2 BOW1 BOWO
Read/Write W - W
After reset 0 - 0 0 (0] 0 0 0
Chip select output waveform Number of waits
selection Data bus
Function 0: Disable 00: For ROM/SRAM width 000: 2 WAIT 100: Reserved
1: Enable 01: Don't care 0:/16 bits 001: 1 WAIF 10¥ 3 WAIT
10: Don't care 1: 8 bits 010: 1 WAIT+N 1105 4 WAIT
11: Don't care 011: 0 WAIT 1117 8 WAIT
Bit symbol B1E - B1OML | B1OMO B1BUS BIW2 | BIW1 | B1WO
Read/Write w - W
After reset 0 - 0 | 0 0 ) | 0 | 0
Chip select outputwaveform Number of waits
selection Data bus
Function 0: Disable 007/For ROM/SRAM width 000: 2 WAIT 100: Reserved
1: Enable 01: Don'tcare 0: 16 bits 001: 1 WAIT 101: 3WAIT
10: Don't care 1: 8 hits 010: 1 WAIT+N 110: 4 WAIT
11: Don't care 011: 0 WAIT 111: 8 WAIT
Bit symbol B2E B2M B20M1 | B20MO B2BUS B2W2 | B2W1 | B2WO
Read/Write w w
After reset 1 0 0 | a 0 0 | 0 | 0
sl el Chip ;elect output waveform Number of waits
. selection Data bus
/ seléction )
Function 0: Pisable 0 T6-Mite 00: For ROM/SRAM width 000: 2 WAIT 100: Reserved
1. Enable : rea Y 0% Don't care 0: 16 bits 001: 1 WAIT 101: 3 WAIT
1. CS area 10: Den'tcare 1: 8 hits 010: 1 WAIT+N 110: 4 WAIT
' 11: Don't'care 011: 0 WAIT 111: 8 WAIT
Bit symbol B3E - B30M1 | B30MO B3BUS B3W2 | B3w1 | B3WO
Read/Write w - w
After reset g - 0 | 0 0 0 | 0 | 0
Chip select output waveform Number of waits
selection Data bus
Sihctioh 0/ Disable 00: For ROM/SRAM width 000: 2 WAIT 100: Reserved
1: Enable 01: Don't care 0: 16 bits 001: 1 WAIT 101: 3 WAIT
10: Don't care 1: 8 bits 010: 1 WAIT+N 110: 4 WAIT
11: Don't care 011: 0 WAIT 111: 8 WAIT
Master enable bit CS2 area selection
0 Disable 0 16-Mbyte area
BnE B2M
(=010 3) 1 Enable 1 Specified address area

Data bus width selection

BnBUS

0

16-bit data bus

(n=0to EX)

1

8-bit data bus
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BEXCS
(00C7H)
RMW
instructions
are prohib-
ited.

5.2.1

5.2.2

7 6 5 4 3 2 1 0
Bit symbol - - - - BEXBUS BEXW?2 BEXW1 BEXWO0
Read/Write - - - - w
After reset - - - - 0 0 0 0
Number of waits
Data bus
) width 000: 2'WAIT 100: Reserved
Function ]
0: 16 bits 00%: ¥ WAIT 101: 3 WAIT
1: 8 bits 010: 1 WAIT+N 110: 4 WAIT

011:-0'WAIT 111: 8 WAIT

Number of address area waits

BnW2:0

(n=01t0 EX) See" 5.2.3 Wait control

Master enable bits

Bit7 (<BOE>, <B1E>, <B2E> or <B3E>) of a chip_select/wait control regjster is.the’/master bit which is used
to enable or disable settings for the corresponding address area. Writing\“1”t0 this bit enables the settings.
Reset disables (Sets to “0”) <BOE>, <B1E>and <B3E>, and enabled(Sets to/*1””) <B2E>. This enables area
CS2 only.

Data bus width selection

Bit3 (<BOBUS>, <B1BUS>, <B2BUS>,/<B3BUS> or <BEXBUS>) of a chip select/wait control register
specifies the width of the data/bus. This bit should be set\to “0” when memory is to be accessed using a 16-bit
data bus and to “1” when an 8-hit data Jous is to be used.

This process of changing the data bus width accordingto the address being accessed is known as “Dynamic
bus sizing”. For details of\this bus operation see-Table 5-2.
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Table 5-2 Dynamic Bus Sizing

Operand Data Operand Start Memory Data CPU Address CPU Data
Bus Width Address Bus Width D15 to D8 D7 to DO
2n+0 8 bits 2n+0 XXXXX b7 to b0
(Even number) 16 bits 2n+0 XXXXX b7 to b0
8 bits
n+1 8 bits 2n+1 XXXXX b7 to b0
(Odd number) 16 bits 2n+1 57 1050 XXXXX
) 2n+0 XXXXX b7 to b0
2n+0 8 bits
2n+1 XXXXX b15 to b8
(Even number)
16 bits 2n+0 b15to b8 b7 to b0
16 bits 8 bits 2n+1 XXXXX b7 to b0
on+1 2n+2 XXXXX b15.to b8
(Odd number) 16 bits 2n+1 b7 to b0 XXXXK
2n+2 XXXXX b15 to b8
2n ¥0 XXXXX b7 to b0
. 2n +1 XXXXX b15 to b8
8 bits
2n+0 2n +2 XXXXX b23 to b16
(Even number) 2n+3 KHUKXXX b31 to b24
16 bits 2n4 0 b15 to'b8 b7 to b0
2n+2 b31 to b24 b23 to b16
32 bits 2n+1 XXXXX b7 to b0
8 bife 2n+2 XXXXX b15 to b8
2n # 3 XXXXX b23 to b16
2n+1 20+ 4 XXXXX b31 to b24
(Odd number)
2n+1 b7 to b0 XXXXX
16 bits 2n+2 b23 to b16 b15 to b8
2n+4 XXXXX b31 to b24

Note: “xxxxx" indicates that the inputdata from these bits aresignored during a read. During a write, indicates that
the bus for these bits,goes’'teo high impedance; alse,.that.the Wwrite strobe signal for the bus remains inactive.

5.2.3 Wait contrel

Bits 0 to 2 (<BOW0:2>, <B1W0:2><B2W0:2>/<B3W0:2>, <BEXWO0:2>) of a chip select/wait control reg-
ister specify.the number of waits that are to.be inserted when the corresponding memory area is accessed.

The follewing types of wait operation can be specified using these bits. Bit settings other than those listed in
the table-should-not be made. A reset sets these bit to “000” (2 waits).

Table 5-3-Wait Operation Sgettings

<BxW2:0> Number of Waits Wait Operation
000 2 waits Inserts a wait of 2 states, irrespective of the WAIT pin state.
001 1 wait Inserts a wait of 1 state, irrespective of the WAIT pin state.
0| e | e
011 0 waits Ends the bus cycle without a wait, regardless of the WAIT pin state.
100 Reserved Invalid setting
101 3 waits Inserts a wait of 3 state, irrespective of the WAIT pin state.
110 4 waits Inserts a wait of 4 state, irrespective of the WAIT pin state.
111 8 waits Inserts a wait of 8 state, irrespective of the WAIT pin state.
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5.2.4 Bus width and wait control for an area other than CSO to CS3

The chip select/wait control register BEXCS controls the bus width and number of waits when memory loca-
tions which are not in one of the four user-specified address areas (CS0O to CS3) are accessed. The BEXCS reg-
ister settings are always enabled for areas other than CSO to CS3.

5.2.5 Selecting 16-Mbyte area/specified address area

Setting B2CS<B2M> (Bit6 of the chip select/wait control register for CS2) to-"0” designates the 16-Mbyte
area “002000 to FDFFFF” as the CS2 area. Setting B2CS<B2M> to “1'/ desighates the address area specified
by the start address register MSAR2 and the address mask registerMAMR?24@s €32 (e.g., if B2CS<B2M> =1,
CS2 is specified in the same manner as CS0, CS1 and CS3 are).

A reset clears this bit to “0”, specifying CS2 as a 16-Mbyte address area.

5.2.6 Procedure for setting chip select/wait control
When using the chip select/wait control function, set therégisters in the following-erder;

1. Set the memory start address registers MSARO to-MSARS3.
Set the start addresses for CS0 to CS3,

2. Set the memory address mask registers MAMRO to MAMRS,
Set the sizes of CSO0 to CS3.

3. Set the chip select/wait control registers BOCS to B3CS.

Set the chip select output waveform, data bus width, number of waits and master enable/disable status for
CS0 to CS3.

The CS0 to CS3 pins can also funetionas pins P40 to P43. To output a chip select signal using one of these
pins, set the corresponding bit'intheport 6 function register P4FC/P4FC2 to “1”.

If a CSO to CS3 address is specified which is actually~an_internal 1/0 and RAM area address, the CPU
accesses the internal addfessarea and no chip select-signal is dutput on any of the CSO0 to CS3 pins.

Example :In this example-CSQ is set-to-the 64-Kbyte area 020000Hto 01FFFFH. The bus width is set to 16 bits and the
number of waits is set to 0.

LD (MSARO0), 01H ; Start address: 010000H
LD (MAMRO), 07H ; Address area: 64 Kbytes
LD (BOCS), 83H ; ROM/SRAM, 16-bit data bus, 0 waits, CSO area settings enabled
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5.3 Connecting External Memory

Figure 5-3 shows an example of how to connect external memory to TMP91FW60.

In this example the ROM is connected using a 16-bit bus. The RAM and 1/O are egnnected using an 8-bit bus.

TMP91FW60 74AC573 [ |
D Q Address bus
cs6 p—> EH NI EVIENIEVIRSY & 2N
— A Cs CS CS™. CS
CS1p—>— Upper byte Lower byte 8:bit bus 8-bit bus
— 4_|> D Q ___ ROM ___ ROM __ JRAM o
Cs2p—>—— 0 OE OEWE OEWE

ALE LE )E T U0
U3 ﬂ

AD8~AD15

PN
|
A

ADO~AD7

PN
A

=
Py
Y

Figure 5-3 Example-of External Meémory Connection
(ROM uses 164bit bus, RAM and [/© use/8-bit bus.

A reset clears all bits of the port 4'control\register PACR and-the port 4 function register PAFC/P4FC2 to “0” and
disables output of the CS signal.-To_output the CS signal, the“appropriate bit must be set to “1”.
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6. 8-Bit Timers (TMRA)

The TMP91FW®60 features 6 channels (TMRAO to TMRADB) built-in 8-bit timers.

These timers are paired into 3 modules: TMRAO01, TMRA23 and TMRA45. 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 eycle with-constant period)
Figure 6-1 to Figure 6-3 show block diagrams for TMRAOQO1, TMRA23 and TMRA45.

Each channel consists of an 8-bit up counter, an 8-bit comparator anc-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 5-byte registers SFRs (Special function registers).

Each of the three modules (TMRAO1, TMRA23 and TMRA45)-can be operated independently. All modules oper-
ate in the same manner; hence only the operation of TMRAOQ1.is-explained here.

Table 6-1 Registers and Pins for Each Module

Modul
. odule TMRAOL TMRAZ3 TMRA45
Specification
Input pin for external clock TAOIN None TA4IN
putp (Shared with P70) (Shared with P73)
External pin
Output pin for timer flip-flo Q10ur TASON( TASOUT
putp p-tiop (Sharedrith P71) (Shared witH P72) (Shared with P74)
Timer run redister TAOLRUN TA23RUN TA45RUN
9 (0100H) (0108H) (O110H)
TAOREG TAZREG TA4REG
102H 10AH 112H
Timer register. (0102H) (010AH) © )
SFR TAIREG TA3REG TASREG
(Address) (0103H) (010BH) (0113H)
Timer oS eeSister TAOIMOD TA23MOD TA45MOD
g (Q104M) (010CH) (0114H)
Tirper flip-flop control register TANREER TASFFCR TASFFCR
p-fiop 9 (0105H) (010DH) (0115H)
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6.1 Block Diagrams
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6.2 Operation of Each Circuit

6.2.1 Prescalers

A 9-bit prescaler generates the input clock to TMRAOL.

The “¢TO” as the input clock to prescaler is a clock divided by 4 which is selected using the prescaler clock
selection register SYSCRO<PRCK1>.

The prescaler’s operation can be controlled using TAOLRUN<TAO1PRUN> in.the-timer control register. Set-
ting <TAO1PRUN> to “1” starts the count; setting <TAOLPRUN> to “0’ efears,the prescaler to “0” and stops
operation. Table 6-2 shows the various prescaler output clock resolutions.

Table 6-2 Prescaler Output Clock Resolution

@ fc[=20"MHz, fs = 32.768 kHz

Sy;zg:; ti(:(:gck Gear Value Pre;;a;i; Er:ock Rrescaler Output Clock Reselution
SYSCR1<SYSCK> SYSCR1<GEAR2:0> SYSCRO<PRCK1> (41)2'21) (4;:) (zjla;l'alzﬁ) (41,:'521526)

1(fs) XXX 2%/fs (244 1is) 25/fs (977 ps) 2Ufs+3.9 Tns) 2W4ts (62.5 ms)

000 (fc) 2%1¢ (0°4-u5) 25/fc (1.6 ps) 2/f6(6.4 ps) 2%fc (102.4 ps)

001 (fc/2) 0 (1/1) 2%/fc(0.8-us) 28/fc (3.218) 281 (12.8 ps) 212/fc (204.8 ps)

010 (fc/4) frpH 25/f¢(126 ps) 27ffc (6Y4'\dS) 29/fc (25.6 ps) 213/ic (409.6 ps)

P 011 (fc/8) 2%¢ (3.2 ps) 28/fc(12:8 ps) 2%0/¢ (51.2 ps) 21%fc (819.2 ps)
100 (fc/16) 27ifc (6.4 ps) 2%fc (25,6 |is) 2W/fc (102.4 ps) | 2'5/fc (1638.4 ps)
XXX f kel 27ffc (6.4 ps) 2%fc(25.6 ps) 2Wfc (102.4 ps) | 2'%/fc (1638.4 ps)

¢/16 CLOCK

Note: xxx: Don't care

6.2.2 Up counters (UCOand UC1)

These are 8-bit Binary counters which count-up the“input clock pulses for the clock specified by TAOLMOD.

The input clock forUCO is selectable.and can-be either the external clock input via the TAOIN pin or one of
the three /internal clocks ¢T1, ¢T4,~0r¢T16. The clock setting is specified by the value set in
TAOIMOD<TAO0ICLK1:0>.

The“input.clock for UC1 depends on the operation mode. In 16-bit timer mode, the overflow output from
UCOis used, as the input clock. In-any mode other than 16-bit timer mode, the input clock is selectable and can
eitherbe-oneof the internal’clocks 0T, $T16 or ¢T256, or the comparator output (The match detection signal)
from TMRAQ.

For each interval ~timer the timer operation control register bits TA0O1RUN<TAORUN> and
TADIRUN<TALIRUN> can-bg used to stop and clear the up counters and to control their count. A reset clears

both up counters, stopping the timers.
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6.2.3 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 TA1IREG matches the value in the corresponding up counter, the comparator match detect signal
goes active. If the value set in the timer register is 00H, the signal goes active when the up counter overflows.

The TAOREG are double buffer structure, each of which makes a pair with register puffer.

The setting of the bit TAOLRUN<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 RPG mode. Hence the double buffer cannot

be used in timer mode.

A reset initializes <TAORDE> to “0”, disabling the double buffer. To use the doublé.buffer, write data to the
timer register, set <TAORDE> to “1”, and write the following data-fo the register buffer. Figure 6-4 shows the

configuration of TAOREG.

| Timer registers 0 (TAOREG) |

—~ E_<Z:((: Matching detection in PPG cycle

< Y Seledtor [A 2" overflow PWM
Shift trigger < <— Write-to TAOREG
| Register buffers 0 | AS

PAN )
. Write
Y

S Internal data bus S TAOIRUN<TAORDE>

Figure 6-4 Configuration of TAOREG

Note: The same memory address is-allecated to the timer register TAOREG and the register buffer 0. When
<TAORDE> = 0, the' same’value is written to the registerbuffer 0 and the timer register TAOREG; when

<TAORDE> = T;-0only thé register buffer 0 is written-to.
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6.2.4 Comparator (CP0O and 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 INTTAL) 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 can be 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.drder (16 bits in total), The com-
pare circuit will not function if only the lower 8 bits are set.

6.2.5 Timer flip-flop (TALFF)

The timer flip-flop (TALFF) is a flip-flop inverted by the match detects signal (8-bit comparator output) of
each interval timer.

Whether inversion is enabled or disabled is determined\by.the’setting of the bit TATEECRLTALFFIE> in the
timer flip-flop control register.

A reset clears the value of TA1FF1 to “0”.

Writing “01” or “10” to TALIFFCR<TA1FFC1:0>sets TALFF to 0 or 1. Writing 00" to these bits inverts the
value of TALFF (This is known as software (inversian):

The TALFF signal is output via the TAXTOUTpin (Concurrent with R71)."When this pin is used as the timer
output, the timer flip-flop should be set beferehand using the port 7function registers P7CR, P7FC.

The condition for TAXEF inversion varies with mode as shown below

TUCO0 matches TAOREG, or UC1 matches TAIREG

8-bit interval timer mode .
(Select either one of the.two)

16-bit interval timer mode : UCO matches TAOREG.0rUC1 matches TAIREG
8 bit PWM mode : UCO matches-TAOREG ‘or a 2n overflow occurs
8 bit PPG-made : UCO matehes-TAOREG or UCO matches TAIREG

Note: If an inversion by the match-detect signal and-a setting c¢hange via the TMRAL1 flip-flop control register occur simulta-
neously, the resultant.operation varies-depending.on.the situation, as shown below.

¢ If an inversion by-the match-detect signal and an inversion via the register occur simultaneously, the flip-flop will be
inverted only once.

« [fan-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 0 via the register occur
simUjtaneously the flip-flop.will.be cleared to 1.

Be-sure to stop the timer hefore changing the flip-flop insertion setting.

If the setting is changed while the timer is counting, proper operation cannot be obtained.
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6.3 SFR

TMRAO1 Run Register

7 6 5 4 3 2 1 0
Bit symbol TAORDE - - - 12TAO1 TAOLPRUN TA1RUN TAORUN
TAO1RUN
R \Wri R - - — R/IW
(0100H) ead/Write /W /
After Reset 0 - - - 0 Q 0 0
Double TMRAQL Up counter Up counter
buffer IDLE2 predcaler (ucy) (UCo)
Function . Disabl 0: Stop
0: Disable 1: Operate—|~0: Stop and clear
1: Enable 1: Run (count up)
Count operation TAOREG double buffer control
TAOLPRUN 0 Stop and clear 0 Disable
TAORDE
TALIRUN / TAORUN 1 Run (Count up) 1 Enable

Note: The values of bits 4 to 6 of TAOLRUN are "1" when read.

TMRAZ23 Run Register

7 6 5 4 3 2 1 0
Bit symbol TA2RDE - - - 12TA23 TA23PRUN TA3RUN TA2RUN
TA23RUN
Read/Write RIW - < - R/W
(0108H)
After Reset 0 - - - 0 0 0 0
Double TMRA23 Up counter Up counter
buffer IDLE2 prescaler (UC3) (uc2)
Function e 0: Stop
0: Disable 1: Operate 0: Stop and clear
1:Enable 1: Run (count up)
Count operation TA2REG double buffer control
0 Stop and clear 0 Disable
TA23PRUN TA2RDE
TASRUNYJAZ2RUN 1 Run~(Count up) 1 Enable

Note: The values of bits 4 t0-6_0f TA23RUN are “1" when-read.

TMRAA45 Run Regdister

7 6 5 4 3 2 1 0
Bit symbal TA4RDE = - - 12TA45 TA45PRUN TA5RUN TA4RUN
TA45RUN
Read/Write R/IW - - - R/W
(0110H)
After Reset 0 = - - 0 0 0 0
Double TMRA45 Up counter Up counter
buffer IDLE2 prescaler (Ucs) (uca)
Function . Disabl 0: Stop
0: Disable 1: Operate | 0: Stop and clear
1: Enable 1: Run (count up)
Count operation TA4REG double buffer control
TA45PRUN 0 Stop and clear TAARDE 0 Disable
TASRUN / TA4RUN 1 Run (Count up) 1 Enable

Note: The values of bits 4 to 6 of TA45RUN are "1" when read.
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TMRAO1 Mode Register

TAOIMOD
(0104H)

7 6 5 4 3 2 1 0
Bit symbol TAO1M1 TAO01MO PWMO1 PWMO0O TA1CLK1 TA1CLKO TAOCLK1 TAOCLKO
Read/Write RIW
After reset 0 0 0 0 0 0 0 0
Operation mode PWM cycle Input clock for TMRAL Input clock for TMRAO
00: 8-bit timer mode 00: Reserved 00: TAOTRG 00: TAOIN pin
Function 01: 16-bit timer mode 01: 28 01: ¢T1 01: ¢T1
10: 8-bit PPG mode 10: 27 10: $T16 10: ¢T4
11: 8-bit PWM mode 11: 28 11: 7256 11: §T16

TMRAO input clock selection

00 TAOINI 60
01 oT1
<TAOCLK1:0>
10 oT4
11 $T16
TMRAL input clock.selection
TAQIMOD<TAO01M1:0> = 01 |/ TAOLMOD<TA01M1:0> =01
00 Caomparator output from
TMRAQO
Overflow output from TMRAO
<TA1CLK1:0> 61 o1 o outp
(16¢bit timer mode)
10 $T16
hE $T256
PWM cycle selection
00 Reserved
01 26 % Clock.source
<PWMO01:00>
10 27 x Clock Source
11 28 x Clock source
TMRAO1 operation mode selection
00 8-bit timers 2ch
01 16-bit timer
<TAQ1M1:0>
10 8-bit PPG
11 8-bit PWM (TMRADO) + 8-bit timer (TMRA1L)
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TMRAZ23 Mode Register

7 6 5 4 3 2 1 0
Bit symbol TA23M1 TA23MO PwWM21 PWM20 TA3CLK1 TA3CLKO TA2CLK1 TA2CLKO
TA23MOD Read/Write R/W
(010CH)
After reset 0 0 0 0 0 0 0 0
Operation mode PWM cycle Input clock for TMRAS Input clock for TMRA2
00: 8-bit timer mode 00: Reserved 00: TA2TRG 00: Reserved
Function 01: 16-bit timer mode 01: 28 01: ¢T1 0L: ¢T1
10: 8-bit PPG mode 10: 27 10: ¢T16 10: ¢T4
11: 8-bit PWM mode 11: 28 11: $T256 11: ¢T16
TMRAZ input clock selection
00 Reserved
01 0T1
<TA2CLK1:0>
10 oT4
1 0T16
TMRAS input clock/séléction
TA23MOD<TA23M1:0> = 01 | TA23MOD<TA23M1:0> =01
00 Comparatoreutput from
TMRA2
<TAICLK1:0> o1 bT1 Overfl_ovy output from TMRA2
(16-bittimer mode)
10 $T16
11 $T256
PWM cycle sglection
00 Reserved
0y 26 x Clock source
<PWM21:20>
10 27 x Cléck source
1 28 ¥ Clock solirce
TMRAZ23 operation_mode selection
00 8-pittimers 2ch
0l 16-bit timer
<TA23MT:0>
10 8-bit PPG
11 8-bit PWM (TMRA2) + 8-bit timer (TMRA3)
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TMRAA45 Mode Register

7 6 5 4 3 2 1 0
Bit symbol TA45M1 TA45M0 PWM41 PWM40 TA5CLK1 TA5CLKO TA4CLK1 TA4CLKO
TA45MOD N
Read/Write R/W
(0114H)
After reset 0 0 0 0 0 0 0 0
Operation mode PWM cycle Input clock for TMRAS Input clock for TMRA4
00: 8-bit timer mode 00: Reserved 00: TA4TRG 00: TA4IN pin
Function 01: 16-bit timer mode 01: 28 01: ¢T1 0L: ¢T1
10: 8-bit PPG mode 10: 27 10: ¢T16 10: ¢T4
11: 8-bit PWM mode 11: 28 11: $T256 11: ¢T16
TMRA4 input clock selection
00 TA4IN
01 0T1
<TA4CLK1:0>
10 oT4
1 0T16
TMRADS input clock/séléction
TA45MOD<TA45M1:0> = 01 | TA45MOD<TA45M1:0> =01
00 Comparatoreutput from
TMRA4
<TASCLK1:0> o1 bT1 Overfl_ovy output from TMRA4
(16-bittimer mode)
10 $T16
11 $T256
PWM cycle sglection
00 Reserved
0y 2% x Clock source
<PWM41:40>
10 27 x Cléck source
1 28 ¥ Clock solirce
TMRAA45 operation_mode selection
00 8-pittimers 2ch
0l 16-bit timer
<TA45MT:0>
10 8-bit PPG
11 8-bit PWM (TMRAA4) + 8-bit timer (TMRAS)
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TMRAL Flip-Flop Control Register
7 5 3 2 1 0
Bit symbol - - TAL1FFC1 TAL1FFCO TALFFIE TALFFIS
TALFFCR Read/Write - - R/W R/W
(0105H)
After reset - - 1 1 0 0
. 01: Set TA1IFF . .
Function Inversion select
10: Clear TA1FF .
11: Don't care 0: Disable 0: TMRAO
’ 1: Enable 1. TMRA1
Inverse signal for timer flip-flop 1 (TALFF) (Don’t care exceptin 8-bittimer mode)
0 Inversion by TMRAO
TALFFIS
1 Inversion by TMRA1
Inversion of TALFF
0 Disabled
TALFFIE
1 Enabled
Control of TALTEE
00 Inverts the.value of TA1FF (Softwareinversion)
01 SetsTALTEF to “1”
<TA1FFC1:0>
10 Clears TALFF to “0”
11 Den't care
Note: The values of bits 4 to 7 of TALFFCR are “1" whenread.
TMRAZ3 Flip-Flop Control Register
7 5 4 3 2 1 0
Bit symbol - - = TA3FFC1 TA3FFCO TA3FFIE TA3FFIS
TA3FFCR
R Writ - - - R/W R
(010DH) ead/Write / /W
After reset - - - 1 1 0 0
. 01: Set TA3FF . K
Function Iinversion select
10: Clear TA3FF .
11: Don't care 0: Disable 0: TMRA2
' 1: Enable 1:TMRA3
tnverse signal for timer/flip-flop 3 (TA3FF) (Don'’t care except in 8-bit timer mode)
0 Inversion by TMRA2
TA3FFIS
1 Inversion by TMRA3
Inversion of TA3FF
0 Disabled
TABFFIE
1 Enabled
Control of TA3FF
00 Inverts the value of TA3FF (Software inversion)
01 Sets TA3FF to “1”
<TA3FFC1:0>
10 Clears TA3FF to “0”
11 Don't care
Note: The values of bits 4 to 7 of TASFFCR are "1" when read.
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TMRADS Flip-Flop Control Register

7 6 5 4 3 2 1 0
Bit symbol - - - - TASFFC1 TA5FFCO TASFFIE TASFFIS
TA5FFCR
Read/Write - - - - R/W R/W
(0115H)
After reset - - - - 1 1 0 0
TASFF TASFF
00: Invert TASFF control for inversion
Function 01: Set TASFF) inversion lect
unetio 10: Clear TASFF ersio selec
0: Disable 0: TMRA4
11: Den’'tcare
1: Enable 1:TMRA5
Inverse signal for timer flip-flop 5 (TASFF) (Don't care except in\8-bit timer mode)
0 Inversion by TMRA4
TASFFIS
1 Inversion by TMRAS
Inversion of TASFF
0 Disabled
TASFFIE
1 Enabled
Controtof-TASFF
00 Inverts the value of TASFF (Software invérsion)
01 Sets TASFF to “1”
<TA5FFC1:0>
10 Clears TA5FF to0*
11 Don't care
Note: The values of bits 4 to 7 of TASFFCR|are "1"when read.
Timer Register
7 6 5 4 3 2 1 0
Bit symbol -
TAOREG Read/Write W
(0102H)
After Reset 0
Bit symbol -
TAIREG Read/Write W
(0103H)
After Reset 0
Bit symbol -
TAZREG Read/\Write W
(010AH)
After Reset 0
Bit-symbol -
TA3REG .
Read/Write W
(010BH)
After Reset 0
Bit symbol -
TA4AREG .
Read/Write W
(0112H)
After Reset 0
Bit symbol -
TA5REG .
Read/Write W
(0113H)
After Reset 0
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6.4 Operation in Each Mode

6.4.1 8-bit timer mode

Both TMRAO and TMRAL can be used independently as 8-bit interval timers.
Set its function or counter data for TMRAO and TMRAL after stop these registers.

6.4.1.1 Generating interrupts at a fixed interval (Using TMRA1)
To generate interrupts at constant intervals using TMRAI(INTTA1L), first stop TMRAL then set the

operation mode, input clock and a cycle to TAOLMOD and TALIREG.register, respectively. Then, enable
the interrupt INTTAL and start TMRAL counting.

Example: To generate an INTTAL interrupt every 12 us at'fc = 20:8MHz, set each yegister-as-follows:

* Clock state System clock i High frequency (fe)
Prescaler clock fepH
Clock gear 11 (fc)
MSB LSB.

TAO1RUN - X X X -t 0.- Stop TMRAl-and clearitto 0.

TAOIMOD 0 0 X X ~N% X ier,;lstc(t:lickl)(lt timer mode\and select ¢T1 (0.4 us at fc = 20 MHz) as the
TA1REG 0 0 0 1 1 1 1 0 Set TAIREG to-12°us'+ ¢T1 =30 = 1EH

INTETAO1 X 1 0 1 X - — — EnableINTTAL and setitto level 5.

TAO1RUN - X XX /)4 1 1 - /Start TMRAL counting.

Note: X: Don't care,—7No thange
Select'the input-clock using Table 6-2.
Note: The input clocks for TMRAO and TMRA1 are different from as follows.

TMRAQ; TAOIN input, ¢T1, $T4-or¢T16
TMRAL: Mateh output of TMRAD;, $T1-¢T16, $T256
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6.4.1.2 Generating a 50% duty ratio square wave pulse

The state of the timer flip-flop (TALFF) is inverted at constant intervals and its status output via the
timer output pin (TA1OUT).

Example: To output a 2.4 ps square wave pulse from the TAIOUT pin at\fc.= 20 MHz, use the following
procedure to make the appropriate register settings. This example uses- FMRAZL;, however, either TMRAQO
or TMRAL may be used.

* Clock state System clock “High frequency (fc)
Prescaler clock {fepH
Clock gear 4 (fc)
MSB LSB

TAO1RUN - X X X = - 0 4/ StopTMRA1 and clearitto 0.

Select 8-bit timer mode and’select $T1 (0.4 us at fc = 20 MHz) as

TA0O1IMOD 0 0 X X 0 1 -+ - .
the_input clock.
TALREG 0 0 O O 0 0/ -1-_1I-_setthetimerregisterto-2.4ys=¢T1+2=03H
Clear TALFF to “0”\and/Set it'to invert on the match detects signal
TA1FFCR X X X X 1 0 1 1
from TMRAL.
P7CR X X X - — = 1 -
Set P71 te_function as/the TALOUT pin.
P7FC X X X T+ - B 1 -
TAO1RUN - X X X = ¥ 1 —  Start TMRA1 counting.

Note: X: Don't care, —: No change
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oT1

TAO1RU
<TA1RU

Up counter

N
N>

Bits 7to 2

Bitl

Bit0

Comparator

timig

Comparator output
(Match detect)

INTTAL

UCL1 clear

TALFF

TA1OUT

racs

\

i 0.9 usatfc =20 MHz

I
[}
1
1
1
1
I
3 A~}
< >

Figure 6-5 Square Wave Output Timing Chart (50% duty)

6.4.1.3 Making TMRA1 count.up/on the match/signal from the TMRAQO comparator

Select 8-bit timer, mode and set the comparator-autput from TMRAO to be the input clock to TMRAL.

Cafmparatoy output |_| |_|
(TMRAO.match)

s D €5 .6 5 B8 6.8 0.6 6 6 ©
(when TAOREG =’5)

TMRAL up-counter
(when TAIREG = 2) 1 X 2 X 1

TMRAL match output |_|

Figure 6<6 “TMRA1 Count Up on Signal from TMRAO
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6.4.2 16-bit timer mode

A 16-bit interval timer is configured by pairing the two 8-bit timers TMRAO and TMRAL.

To make a 16-bit interval timer in which TMRAO and TMRAL are cascaded together, set
TAOLMOD<TA01M1:0> to 01.

In 16-bit timer mode, the overflow output from TMRAO is used as the input'clock for TMRAL, regardless of
the value set in TAOLMOD<TA1CLK1:0>. Table 6-2 shows the cycle of the“input-elock for TMRAD.

LSB 8-bit set to TAOREG and MSB 8-hit is for TAIREG. PleaSe keep ‘setting/ TAOREG first because setting
data for TAOREG inhibit its compare function and setting data for TAIREG permit it.

Example: To generate an INTTAL interrupt every 0.4 [s] at' fe =20 MHz, set the timerregisters TAOREG
and TA1REG as follows:

* Clock state System clock » High frequency (fc)
Prescaler clock fepH
Clock gear 11 (fc)

If $T16 (27/fc us at fc = 20 MHz) is used as the input.clock for counting, set the,following value in the regis-

ters: 0.4 s/(27/fc) ps = 62500 = F424H (e.g,,set TATREG to F4H and TAOREG 10 24H). As a result, INTTAL
interrupt can be generated every 0.4 [s].

The comparator match signal is output from>TMRAOQ each-time. the_up-counter UCO matches TAOREG,
though the up counter UCO is not cleared and.also INTTAQ4s not generated.

In the case of the TMRAZ1 comparator, the match detect signakis output on each comparator pulse on which
the values in the up counter UC1 and TALREG match.

When the match detect signal is odtput simultaneously-from both the comparators TMRAO and TMRAL, the
up counters UCO and UC1 are'cleared to 0 and the interruptINTTAL is generated. Also, if inversion is enabled,
the value of the timer flip<flop) TALFF is inverted.

Example: When TAIREG = 04H and TAOREG =80H

Value of-upcaunter

(UC1, ucoy 0080H 0180H 0280H 0380H 0480H  0080H
TMRAO comparator " " " " " |'|
match detect signal |

TMRAL comparator "
match-detect signal

1
1
Intergupt INTTAQ '
1

nterrupt INTTAZ "

Timer output TAIOUT X Inversion

Figure 6-7 Timer Output by 16-Bit Timer Mode
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6.4.3 8-bit PPG (Programmable pulse generation) output mode

Square wave pulses can be generated at any frequency and duty ratio by TMRAO. The output pulses may be
active low or active high. In this mode TMRA1 cannot be used.

TMRAO outputs pulses on the TAIOUT pin.
<TA1FFC1:0> ="10"

<TA1FFC1:0> ="01"

Example: <TA1FFC1:0> = "01"

TAOREG and UCO match /ﬂ /ﬂ
(Interrupt INTTAO)

TALREG and UCO match ( /H ( /ﬂ
(Interrupt INTTAL)

TA1OUT

TAOREG

TALIREG

fe———>
Figure 6-8 8-Bit PPG Output Waveforms

In this mode, a programmable square-wave is generated by inverting the timer output each time the 8-bit up
counter (UCO) matches the value in one of the timer registers TAOREG or TA1REG.

The value set in TAOREG-must be smaller than the valueset'in TA1IREG.

Although the up-counter for TMRAL (UC1) isnatused inf this mode, TAOLRUN<TA1RUN> should be set to
“1”, so that UC1 is setfor counting.

Figure 6-9 shows<a block diagram representing this mode.

TA1OUT
| TAO1RUN<TAORUN>
Selector TALFF |€—TA1FFCR<TALFFIE>
T’;OH ; N 8-bit up counter<—|
b T4a—> e (UCO) < Inversion
dT16— T
TAOIMODLTAOELK1:0> » INTTAO
| Comparator }—)“ Comparator I > » INTTAL
PN PN
Selector
TAOREG
Shift trigger 1
TAOREG-WR —>» »
| Register buffer | | TALREG |
TAO1RUN<TAORDE> PR PR
S Internal data bus S

Figure 6-9 Block Diagram of 8-Bit PPG Output Mode
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If the TAOREG double buffer is enabled in this mode, the value of the register buffer will be shifted into
TAOREG each time TALREG matches UCO.

Use of the double buffer facilitates the handling of low-duty waves (when duty is varied).

Match with TAOREG " "
and up counter
(Up counter = Q) (Up counter = Qy)
Match wiht TAIREG /{l
( Shift from register buffer0
TAOREG Q X Q,

(Value to be compared)

i

Register buffer Q, X Qg

k TAOREG (Register buffer 0)
write

Figure 6-10 Operation of Register.Buffer O

Note: The values that can be set in TAXREG range from 01h-to 00h (equivalent to 100h)-If the-maximum value 00h
is set, the match-detect signal goes active when the/tup-counter overfolws.

Example: To generate 1/4-duty 50-kHz pulses(at fc.=20 MHz):

20 1ts
* Clock state System clock : High frequency (fc)
Prescaler clock : fepH
Clock gear 1 (fc)

Calculate the/valug which should be get in the timer)register.

To obtain a frequency of 50 kHz, the pulse cycletshould be: t = 1/50 kHz = 20 us
0T1 = 2%/fc ps (at fo < 20 MHz);

20 ps/(23/fc) ps= 50

Therefare.set TAIREG to 5032H), and 50-kHz pulses can be obtained.

The duty is/to be set to 1/4:tx-1/4=20 pus x 1/4 =5 ps

5 ns/(@3/fc) ps = 13

Therefore, set TAOREG = 13 = ODH.
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Stop TMRAO and TMRAOL1 and clear it to “0".(Double buffer dis-

TAO1RUN 0 X X X - - 0 0
able)
TA01IMOD 1 0 X X X X 0 1 Setthe 8-bit PPG mode, and select ¢T1 as input clock.
TAOREG 0 0 0 0 1 1 0 1  Write ODH.
TALREG 0 0 1 1 0 0 1 0 Write 32H.
TA1FFCR X X X X 0 1 1 X  Set TALFF, enabling both-inversion and the double buffer.
Writing “10™provides\n€gative/logic pulse.
P7CR X X X - - - 1 -
Set P71 as the TAIOUT pin.
P7FC X X X - - - 1 -
TAO1RUN 1 X X X - 1 1 1  Start TMRAG.and TMRAOQ1 counting.(Double buffer enable)

Note: X : Don't Care —: No change
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6.4.4 8-bit PWM output mode

This mode is only valid for TMRAQ. In this mode, a PWM pulse with the maximum resolution of 8 bits can
be output.

When TMRAO is used the PWM pulse is output on the TALOUT pin. TMRA1 can also be used as an 8-bit
timer.

The timer output is inverted when the up counter (UCQ) matches the value;set.in the timer register TAOREG
or when 2" counter overflow occurs (n = 6, 7 or 8 as specified by TA0IMQD<PWMO01:00>). The up counter
UCQO is cleared when 2" counter overflow occurs.

The following conditions must be satisfied before this PWM mode.can be/used.

Value set in TAOREG < Value set for 2" counter overflow

Value set in TAOREG =0
TAOREG and O
uco matcerlwn /ﬂ /{l "

on
overflow ( /ﬂ ( /ﬂ
(INTTAO interrupt)

wor T

!

< PWM >

(PWM cycle)

Figure 6:11 “8-Bit PWM Waveforms

Figure 6-12 shows a block diagram representing this-mode,

Sefector TAOLIRUN<TAORUN> TAIOUT
TAOIN —>»] .
8-bittup counter<—‘

6TL—>] > Clear TALFF KZTALFFCR

T4 —> (Uco) <TA1lFFIE>
$T16 —> Invert

2n
TAOLMOD<TAOCLK1:0> overflowt ZPWMOL00>
Overflow

Y

Comparator

L » INTTAO
Select
il TAOREG

Shift trigger :
TAOREG-WR —>»| »

Register buffer0

TAO1RUN<TAORDE> >

S Internal data bus S

Figure 6-12 Block Diagram of 8-Bit PWM Mode

In this mode, the value of the register buffer will be shifted into TAOREG if 2" overflow is detected when the
TAOREG double buffer is enabled.
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Use of the double buffer facilitates the handling of low duty ratio waves.

Match with TAOREG " "
(Up counter = Q) (Up counter = Q)

2" overflow /"

( Shift into TAOREG

TAOREGO Q1 {X Q,
(Value to be compared) ﬁ\

Register buffer 0 Q2 X Q3

kTAOREG (Register buffer 0)
write

Figure 6-13 Operation of Register Buffer 0

Example: To output the following PWM waves on the TALTOUT pin at fc = 20 MHz:

J I BN

29.6 us
51.2 us
* Clock state System clock : High frequency (fc)
Prescaler clock ! fepH
Clock gear 11 (fc)

To achieve a 51.2 us PWM 'cycle by setting ¢T1 to 23/fc.ps (at fc = 20 MHz):
51.2 ps/(2%/fc) ps = 128 =27
Therefore n should be set to 7

Since the Tow=level period is 29.6 us when $T1=2%fc ps (at fc = 20 MHz), set the following value for
TAOREG:

29.6 us/(23/fc) ps = 74 = 4AH

MSB LSB

TAOLIRUN = X X X - - - 0 Stop TMRAO and clear it to 0.
. 7 )
TAQIMOD 1 1 1 0 _ _ 0 1 Select 8-bit PWM mode (Cycle: 2) and select ¢ T1 as the input
clock.
TAOREG 0 1 0 0 1 0 1 0  Write 4AH.
TA1FFCR X X X X 1 0 1 X Clear TALFF to O, enable the inversion and double buffer.
P7CR X X X - - - 1 -
Set P71 and the TA1IOUT pin.
P7FC X X X - - - 1 -
TAO1RUN 1 X X X - 1 - 1 Start TMRAO counting.

Note: X : Don't Care —: No change
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Table 6-3 PWM Cycle @ fc =20 MHz, fs = 32.768 kHz
Select Sys- Select Prescaler PWM cycle
Gear Value
tem Clock SYSCR1 Clock 6 7 s
SYSCR1 cEAROs SYSCRO 2 2 2
<SYSCK> ' <PRCK1> $T1 oT4 $T16 $T1 oT4 $T16 ¢T1 oT4 $T16
1(fs) XXX 156 ms | 62.5ms | 250 ms 31.3ms | 125ms 500 ms 62.5ms | 250 ms 1000 ms
000 (fc) 25.6us | 102.4 ps | 409.6 us | 51.2 us | 204.8 us | 8192'us | 102:4 us | 409.6 us | 1638 s
001 (fc/2) 0(1/1) 51.2us | 204.8 s | 819.2 us | 102.4 us | 409.6 ps/|,1638us | 204.8 us | 819.2 us | 3277 ps
010 (fc/4) fepm 102.4 pus | 409.6 ps | 1638 ps | 204.8 us |~816.2 ps\| ‘3277 us) | 409.6 us | 1638 us | 6554 us
0 (fc) 011 (fc/8) 204.8 ps | 819.2 ps | 3277 us | 400.6 us | 1638 s [~6554 ps | 819.2 us | 3277 us | 13107 us
100 (fc/16) 409.6 us | 1638 pus | 6554 us | 819.2 us | 3277us |)13107 us| 1638 us | 6554 us | 26214 s
1 (1/16)
XXX /16 clock 409.6 us | 1638 us | 6554 us | 819.2.us | 3277 s | 13107 ps | 1638 s [+6554 us | 26214 us

Note: xxx: Don't care

6.4.5 Settings for each mode

Table 6-4 shows the SFR settings for each mode.

Table 6-4 Timer Mode Setting Registers

Register Name TAO1IMOD TALFFCR
<Bit Symbol> <TA01M1:0> <PWM01:00> <TAIELK1:0> <TAOCLK1:0> TALFFIS
. . Upper Timer Lower Timer Timer F/F Invert
Function Timer Mode PWM Cycle .
4 Input Clock Input Clock Signal Select
Lowertimer match External clock 0: Lower fimer outout
8-bit timer x 2 channels 00 - ¢T1,9T16, $T256 0T1 ¢T4, ¢T16 ' P

1: Upper ti tput
(00, 01, 10, 11) (00, 01, 10, 11) Pperiimer outpu

External clock
16-bit timer mode o1 - - ¢T1, $T4, ¢T16 =
(00, 01, 10, 112)

External clock
8-bit PPG x 1 channel 10 - - ¢T1, $T4, ¢T16 -
(00, 01, 10, 11)

6 7 -8 External clock
. 2°, 2,2
8-bit PWM x 1 channel 11 e - 0T1, ¢T4, $T16 -
(01,10, 11) (00, 01, 10, 11)

T1, $T16, $T256 .
8-bit timer.x "1.channel 11 - 0 (Oi)., 10, (L_) - Output disabled

Note: = Don't care
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7. 16-Bit Timer/Event Counters (TMRB)

The TMP91FW®60 incorporates five multifunctional 16-bit timer/event counters (TMRB0O, TMRB1, TMRB2,
TMRB3, TMRBA4) which have the following operation modes:

* 16-bit interval timer mode
* 16-bit event counter mode
* 16-bit programmable pulse generation (PPG) output mode

The capture function enables selection of the following modes:
* Frequency measurement mode
* Pulse width measurement mode
* Time differential measurement

Figure 7-1 show block diagrams for TMRB0O, TMRB1, TMRB2, TMRB3-and TMRB4.

Each timer/event counter channel consists of a 16-bit up-counter, two-16-bit timer registers (ane of them with a
double-buffer structure), two 16-bit capture registers, two comparators, a capture input-cqntrollef, two timer flip-
flops and a timer flip-flop controller.

Each timer/event counter is controlled by an 11-byte SER (special-function register).

Each of the five channels (TMRBO, TMRB1, TMRB2, TMRB3, TMRB4) can be used independently. Each chan-
nel features the same operations except for those described in Table 7-1. Hence, ofly/the operation of TMRBO is
explained below.

Table 7-1 Registers and Pins for TMRB

Channel

Specification

TMRBO

TMRB1

TMRB2

TMRB3

TMRB4

External clock/capture
trigger input pins

TBOINO
(also used as _P80)

TB1INO
(also used as P84)

TB2INO
(also*used as PAO)

TB3INO
(also used as P30)

TB4INO
(also used as PBO)

TBORG1H (018BH)

TB1RG1H (019BH)

TB2RG1H (01ABH)

TBOINL TB1IN1 TB2IN1 TB3IN1 TB4IN1
External (also.used as P81) (also used as'P85) (also used as PAL) (also used as P31) (also used as PB1)
pins TBOOUTO TBIOUTO TB20UTO TB30OUTO TB4OUTO
Timer flip-flop output (also usedas P82) (also'used.as P86) (also used as PA2) (also used as P32) (also used as PB2)
pins TBOOUT1 TB1OUTZL TB20OUT1 TB30OUT1 TB4OUT1
(also used as P83) (also.used as P87) (also used as PA3) (also used as P33) (also used as PB3)
Timer run registet TBORUN (0180H) TB1RUN. (0190H) TB2RUN (01A0H) TB3RUN (01BOH) TB4RUN (01COH)
Timer mode register TBOMOD (0182H) TB1MOD (0192H) TB2MOD (01A2H) TB3MOD (01B2H) TB4MOD (01C2H)
Ti flip-fl ntrol
r;r;z:er'p OP CONTO | TBOFFCR (0183H) [ TB1FFCR (0193H) | TB2FFCR (01A3H) | TB3FFCR (01B3H) | TB4FFCR (01C3H)
TBORGOL (0188H) TB1RGOL (0198H) TB2RGOL (01A8H) TB3RGOL (01B8H) TB4RGOL (01C8H)
TBORGOH_(0189H) TB1RGOH (0199H) TB2RGOH (01A9H) TB3RGOH (01B9H) TB4RGOH (01C9H)
SFR Timer registers
(address) TBORGIL (018AH) TB1RGIL (019AH) TB2RGIL (01AAH) TB3RGIL (01BAH) TB4RG1L (01CAH)

TB3RG1H (01BBH)

TB4RG1H (01CBH)

Capture registers

TBOCPOL (018CH)
TBOCPOH (018DH)
TBOCP1L (018EH)

TBOCP1H (018FH)

TB1CPOL (019CH)
TB1CPOH (019DH)
TB1CP1L (019EH)

TB1CP1H (019FH)

TB2CPOL (01ACH)
TB2CPOH (01ADH)
TB2CP1L (01AEH)

TB2CP1H (01AFH)

TB3CPOL (01BCH)
TB3CPOH (01BDH)
TB3CP1L (01BEH)

TB3CP1H (01BFH)

TB4CPOL (01CCH)
TB4CPOH (01CDH)

TB4CP1L (01CEH)

TB4CP1H (01CFH)
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7.1 Block Diagrams
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7.2 Operation of Each Block

7.2.1 Prescaler

The 5-bit prescaler generates the source clock for TMRBO. The prescaler clock (¢TO0) is divided clock
(divided by 4) from selected clock by the register SYSCRO<PRCK1> of clock gear.

This prescaler can be started or stopped using TBORUN<TBOPRUN>. Counting starts when <TBOPRUN> is
set to 1; the prescaler is cleared to 0 and stops operation when <TBOPRUN>\is-cleared to 0. Table 7-2 show
prescaler output clock resolution.

Table 7-2 Prescaler Output Clock Resolution @fc = 20 MHz, fs= 32.768 kHz
System Clock Prescaler Clock Prescaler.Output Clock Resolution
SelectionSYSC1< Clock Gear Value Selection
SYSCR1<GEAR2:0> ¢TL ¢T4 ¢T186
SYSCK> <PRCK1> (1/2) (1/8) (1/32)
1 (fs) XXX 23/fs/(244/15) 25/fs (977 ps) 27fs (3.9-mis)
000 (fc) 23/fc (0:4115) 25/fc (136 ps) 2715¢(674)us)
001 (fc/2) 0 (1) 24/fc(0:8 ps) 2%/fc (3.2is) 28/fc (1278 pis)
f
010 (fc/4) FPH 25/f0 (1.6 ps) 27lfc (6:411s) 2%fc (25.6 ps)
0 (fc
(fc) 011 (fc/8) 2%/fc (3.2 ps) Pic(12.8 usy | 2% (51.2 ps)
100 (fc/16) 27lfc (6.4115) 2%t (256hs) | 2W/fc (102.4 ps)
1(1/16) ; ) "
XXX T 27ifc (6.4 ps) 2%fc (25.6 us) | 2/fc (102.4 ps)

Note: xxx: Don't care

7.2.2 Up counter (UCO)

UCO is a 16-bit~binary’ counter which ceunts, up—according to input from the clock specified by
TBOMOD<TBOCLK1:10> register.

As the input'eloek; one of the prescaler internalcloeks ¢T1, $T4 and ¢T16 or an external clock from TBOINO
pin can be selectedh-Counting or stopping-and-clearing of the counter is controlled by timer operation control
register TBORUN<TBORUN>.

Whencléearing is enabled, the up counter~UCO will be cleared to 0 each time its value matches the value in
the timerregister TBORG1H/L. If ¢learing is disabled, the counter operates as a free-running counter. Clearing
can héenabled or disabled by using TBOMOD<TBOCLE>.

A timeroverflow interrupt (INTTBOFO) is generated when UCO overflow occurs.

7.2.3-Timer registers{(TBORGOH/L, TBORG1H/L)

These two 16-bit registers are used to set the interval time. When the value in the up counter UCO matches
the value set in this timer register, the comparator match detect signal will go active.

Setting data for both upper and lower timer registers is needed. For example, using 2-byte data transfer
instruction or using 1-byte data transfer instruction twice for lower 8 bits and upper 8 bits in order. (The com-
pare circuit will not operate if only the lower 8 bits are written. Be sure to write to both timer registers (16 bits)
from the lower 8 bits followed by the upper 8 bits.)

The TBORGOHY/L timer register has a double-buffer structure, which is paired with register buffer 0. The
value set in TBORUN<TBORDE> determines whether the double-buffer structure is enabled or disabled: it is
disabled when <TBORDE> = "0", and enabled when <TBORDE> = "1",
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When the double buffer is enabled, data is transferred from the register buffer 0 to the timer register when the
values in the up counter (UCO) and the timer register TBORG1H/L match.

The double buffer circuit incorporates two flags to indicate whether or not data is written to the lower 8 bits
and the upper 8 bits of the register buffer, respectively. Only when both flags are set can data be transferred
from the register buffer to the timer register by a match between the up-counter UCO and the timer register
TBORGL. This data transfer is performed so long as 16-bit data is written in the register buffer regardless of the
register buffer to the timer register unexpectedly as explained below.

For example, let us assume that an interrupt occurs when only the lower 8 bits (L1)\of the register buffer data
(H1L1) have been written and the interrupt routine includes writes to all 16 bits-in/the register buffer and a
transfer of the data to the timer register. In this case, if the higher 8 bits (H1)-are written after the interrupt rou-
tine is completed, only the flag for the higher 8 bits will be set, the flag for\the lower 8 bits having been cleared
in the interrupt routine. Therefore, even if a match occurs between UC0-and TBORG1, no data transfer will be
performed.

Then, in an attempt to set the next set of data (H2L2) in the register_buffer, when the lower 8 bits (L2) are
written, this will cause the flag for the lower 8 bits to be set as welkas.the flag for the higher8 bits which has
been set by writing the previous data (H1). If a match between UCO and TBORG1 gécurs before the higher 8
bits (H2) are written, this will cause unexpected data (HIL?2) to-le sent to the timer register instead of the
intended data (H2L.2).

To avoid such transfer timing problems due to interrupts;-the DI instruction.(disable interrupts) and the El
(enable interrupts) can be executed before and aftersetting-data in the register buffer, respectively.

After a reset, TBORGOH/L and TBORG1H/L are.undefined. If the 16-bit\timeris to be used after a reset, data
should be written to it beforehand.

On a reset <TBORDE> is initialized to,"0".disabling the double buffer. To use the double buffer, write data
to the timer register, set <TBORDE> to*1{', then write datato-the-register-buffer 10 as shown below.

TBORGOH/L and the register buffer 0-both have the same-memory\addresses (0188H and 0189H) allocated
to them. If <TBORDE> = "0", the(value is written to both-the.timer register and the register buffer 0. If
<TBORDE> ="1", the value is written-to-the register buffer 0 only:

The addresses of the timer registers are as follows:

TMRBO TBORGOH/L TBORG1H/L
Upper\8 bits | Lower 8 bits Upper 8 bits | Lower 8 bits |
000189H 000188H 00018BH 00018AH
TMRB1 TB1RGOH/L TB1RG1H/L
Upper 8 bits | Lower-8 bits Upper 8 bits | Lower 8 bits |
000199H 000198H 00019BH 00019AH
TMRB2 TB2RGOH/L TB2RG1H/L
Upper 8 bits | Lower 8 bits Upper 8 bits | Lower 8 bits |
0001A9H 00D1A8H 0001ABH 0001AAH
TMRB3 TB3RGOH/L TB3RG1H/L
Upper 8.bits | Lower 8 bits Upper 8 bits | Lower 8 bits |
0001B9H 0001B8H 0001BBH 0001BAH
TMRB4 TB4RGOH/L TB4RG1H/L
Upper 8 bits | Lower 8 bits Upper 8 bits | Lower 8 bits |
0001C9H 0001C8H 0001CBH 0001CAH

Note: The timer registers are write-only registers and thus cannot be read.
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7.2.4 Capture registers (TBOCPOH/L, TBOCP1H/L)

These 16-bit registers are used to latch the values in the up counter (UCO).

Data in the capture registers should be read all 16 bits. For example, using-a 2-byte data load instruction or
two 1-byte data load instructions. The least significant byte is read first, followed-by the most significant byte.

(during capture is read, capture operation is prohibited. In that case, the lower 8.bits should be read first, fol-
lowed by the 8 bits.)

The addresses of the capture registers are as follows;

TMRBO

TMRB1

TMRB2

TMRB3

TMRB4

TBOCPOH/L TBOCRIH/L
| Upper 8 bits | Lower 8 bits | Upper (8 bits ] Lower 8 bits |
00018DH 00018CH 00018FH 00018EH
TB1CPOH/L TB1CP1H/L
| Upper 8 bits | Lower 8 bits | Upper8/bits | IZower 8-hits |
00019DH 00019CH 00019FH 00019EH
TB2CPOH/L TB2CP1HI/L
| Upper 8 bits | Lower 8 bits | Upper 8 bits | Lower 8 bits |
0001ADH 0001ACH 0001AFH 0001AEH
TB3CPOH/L TB3CP1H/L
| Upper 8 bits | Lower.8 bits | Upper 8 bits I Lower 8 bits |
0001BDH 0001BCH 0001BFH 0001BEH
TBA4CPOH/L TB4CP1H/L
| Upper 8 bits | Lower 8 bits | Upper 8 bits | Lower 8 bits |
0001CDH 0001CCH Q001CFH 0001CEH

Note: The capture registers afe read-only registers and thus cannot be written to.

7.2.5 Capture Input‘Control and Externakinterrupt Control

This circuit controls the timing to latch the value of up-counter UCO into TBOCPOH/L and TBOCP1H/L, and
generates external_interrupt. The latch timing of capture register and selection of edge for external interrupt is
controlled by-TBOMOD<TBOCPM1:0>.

The(value in the up-counter (UCO) can be loaded into a capture register by software. Whenever 0 is written
to.TBOMOD<TBOCPOI>, the-currentvalue in the up counter (UCO) is loaded into capture register TBOCPOH/
L.t is.necessary torkeep the prescaler in RUN mode (e.g., TBORUN<TBOPRUN> must be held at a value of

1.
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7.2.6 Comparators (CP00, CP01)

CP10 and CP11 are 16-bit comparators which compare the value in the up counter UCO with the value set in
TBORGOH/L or TBORG1H/L respectively, in order to detect a match. If a match is detected, the comparator

generates an interrupt (INTTBOO or INTTBO1 respectively).

7.2.7 Timer flip-flops (TBOFFO, TBOFF1)

These flip-flops are inverted by the match detect signals from the.comparators and the latch signals to the
capture registers. Inversion can be enabled and disabled for each element using TBOFFCR<TBOCOT1,
TBOEIT1, TBOEOT1>.

After a reset the value of TBOFFO is undefined. If "00(is>written to TBOFFCR-<TBOFFOC1:0> or
<TBOFF1C1:0>, TBOFFO will be inverted. If "01" is writtento_the capture registers, the value ef TBOFFO will
be set to "1". If "10" is written to the capture registers, the-vatue of TBOFFO will be set to-"0",

Note:If an inversion by the match-detect signal and a setting charge via the TBOFFCR register'occurs simulta-
neously, the resultant operation varies depending on the-situation, as shown below.

« If an inversion by the match-detect signal and an-inversion.via the register occupsimuiltaneously, the flip-flop will be
inverted only once.

» Ifan inversion by the match-detect signal and an attempt'to set the flip-flop to 1 via the register occur simultaneously,
the flip-flop will be set to 1.

« If an inversion by the match-detect signal and an.attempt to clear the flipflop to |0 via the register occur simulta-
neously, the flip-flop will be cleared tg 0-

If an inversion by match-detect signal and-inversion disable setting oceursimultaneously, two case (it is inverted and it
is not inverted) are occurred. Therefore;~if changing inversion-control (inversion enable/disable), stop timer operation
beforehand.

The values of TBOFFO0 and TBOFF1 can be output via the.timer output pins TBOOUTO (which is shared with
P82 and TBOOUT1 (which is shared'with P83). Timer output should be specified using the port P function reg-
ister.
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7.3 SFR

TMRB Run Register

7 6 5 3 2 1 0
Bit symbol TBORDE - - 12TBO TBORRUN - TBORUN
TBORUN
Read/Write R/W R/W - R/W RW - R/W
(0180H)
After reset 0 0 0 0 - 0
Double TMRBO
. IDLE2 | uco
) Buffer Always write ) prescaler
Function . Not in use 0: Stop.
0: Disable 0. 1. Operate 0;/Stop and Clear
1: Enable 1: Run (count up),
Bit symbol TB1RDE - - 12TB1 TB1PRUN - TB1RUN
TB1RUN
Read/Write R/W R/W - RIW R/W > R/W
(0190H)
After reset 0 0 0 0 — 0
Double TMRBL
" . IDLE2 | uci
) Buffer Always write ) prescaler
Function . Not in-use 0: Stop
0: Disable 0. 1: Operate 0:/Stop-and Clear
1: Enable 1: Run (count up)
Bit symbol TB2RDE - - 12TB2 TB2PRUN - TB2RUN
TB2RUN
Read/Write R/W R/W = R/W R/W - R/W
(01AOH)
After reset 0 0 0 0 - 0
Doubl TMRB2
one . IDLE2 | ucz
) Buffer Always write ) prescaler
Function L Not in use 0: Step
0: Disable 0. 1: Operaté 0: Stop and Clear
1: Enable 1: Run (count up)
Bit symbol TB3RDE X - 12TB3 TB3PRUN - TB3RUN
TB3RUN
Read/Writ R/W R - R R/W — R/W
(01B0H) ead/Write / /W, W / /
After reset 0 0 0 0 - 0
DbubI TMRB3
oyt . IDLE2 | ucs
. Buffer Always write y prescaler
Function N Not inluse 0: Stop
Q: Disable o: 1: Operate 0: Stop and Clear
1: Enable 1: Run (count up)
Bit symbol TB4RDE - - 12TB4 TB4PRUN - TB4RUN
TB4RUN
R it R/W R/W = R/W R/W - R/W
(01COH) ead/Write / / / / /
After reset 0 0 0 0 - 0
D | TMRB4
ouble _ IDLE2 | ucs
\ Buffer Always write ) prescaler
Fungtion e Not in use 0: Stop
0: Disable o 1: Operate 0: Stop and Clear
1: Enable 1: Run (count up)
oy ——— 1
Operation
12TBO, 12TB1, 12TB2, I2TB3, I2TB4: Operation of IDLE2 mode 0 Stop and Clear
TBOPRUN, TB1PRUN, TB2PRUN, TB3PRUN, TB4PRUN: Operation of prescaler 1 Count
TBORUN, TB1RUN, TB2RUN, TB3RUN, TB4RUN: Operation of TMRB
Note: Bits 1, 4 and 5 of TBORUN/TB1RUN/TB2RUN/TB3RUN/TB4RUN are "1" when read.
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TMRB Mode Register (Read-modify-write instructions are prohibited.) (1/2)

TBOMOD
(0182H)

TB1IMOD
(0192H)

TB2MOD
(01A2H)

TB3MOD
(01B2H)

7 6 5 4 3 2 1 0
Bit symbol TBOCT1 TBOET1 TBOCPOI TBOCPM1 TBOCPMO TBOCLE TBOCLK1 TBOCLKO
Read/Write R/W W# R/W
After reset 0 0 1 0 0 0 0 0
TBOFF1 inversion trigger Capture timing
0: Trigger disable 00: Disable
. lgg Software " Up counter .
1: Trigger enable capture INT5 occurs at rising edge ontrol TMRBO input clock select
P 01: TBOINOT TBOIN1T 00: TBOINO pin input
i Invert when | control P 0! Clear )
Function INT5 occurs at rising edge, : 01: ¢T1
Invertwhen |\, 0: Software disdble
i 10: TBOINOT TBOINOY 10: T4
UC0is matches capture 1-Clear
loaded into ) ) ) INTS occurs at falling edge enable 11: ¢T16
with 1-Undefined | 11 1160uT1 TATOUTY
TBOCP1H/L TBORG1H/L
INT5 occurs atrising edge
Bit symbol TB1CT1 TB1ET1 TB1CPOI TB1CPM1 | TB1CPMOQ TB1CLE ABICLK1 | TB1CLKO
Read/Write R/W W+ R/W
After reset 0 0 1 0 | o 0 Q | 0
TB1FF1 inversion trigger Capture timing
0: Trigger disable 00y Disable
T lgg Software - Up counter. .
: Trigger enable capture (NT7 occurs at rising edge ool TMRB1 input clock select
P 01-TBLINOT TB1IN1T 00: TB1INO pin input
) Invert when | control . 0: Clear )
Function INTZ.Ooccurs at rising edge ; 01: ¢T1
Invert when uct 0: Software disable
i 10: FB1INOT TB1INO 10: T4
UCLis matches capture ) 1: Clear
loaded i ( INT7 occurs at falling/edge 11: ¢T16
oadedinto | L 1: Undefined enable
: 11 TA1OUT?T TAL10OUTL
TBICPIHL | 1g1RG1HIL
INT7 occurs-at-rising edge
Bit symbol TB2CT1 TB2ET1 TB2€POl TB2CPM1: I TB2CPMOQ TB2CLE TB2CLK1 | TB2CLKO
Read/Write R/W W R/W
After reset 0 0 1 0 | 0 0 0 | 0
TB2FF1 inversion trigger Capture(timing
0: Trigger disable 00: Disable
. ‘gg Software . Up counter .
1: Trigger enable onture INTi-occurs.at rising edge control TMRB2 input clock select
P 01-TB2INOT TB2IN1T 00: TB2INO pin input
. lhvertwhen | control . 0: Clear )
Function INT-L oceurs at rising edge ) 01: ¢T1
Invesbwhen |\ )4 0: Software disable
; 10;/TB2INOT TB2INOJ 10: T4
vgos matches capture 1: Clear
lbadled i ) INTL occurs at falling edge 11: ¢T16
oaded into with 1-YUndefined enable
: 13:-TA1OUT?T TAL1OUTL
TB2CRIH/L TB2RG1H/L
INT1 occurs at rising edge
Bit symbol TB3CT1 TB3ET1 TB3CPOt TB3CPM1 | TB3CPMO TB3CLE TB3CLK1 | TB3CLKO
Read/Wfite R/W W R/W
After reset 0 0 1 0 | 0 0 0 | 0
TB3FF1 inversion trigger Capture timing
Q: Trigger disable 00: Disable
. .gg Software - Up counter .
1: Trigger enable Sthture INT3 occurs at rising edge control TMRB3 input clock select
Cogtrol 01: TB3INOT TB3IN1T 0: Clear 00: TB3INO pin input
Function Invert when INT3 occurs at rising edge | . 01: ¢T1
Invert when 0ca 0: Software disable
UC3i 10: TB3INOT TB3INOV 10: ¢T4
1s matches capture _ 1: Clear
loaded i . INT3 occurs at falling edge 11: ¢T16
oadedinto | 1: Undefined enable
: 11: TA30UT?T TA3OUTY
TB3CP1H/L TB3RG1HL
INT3 occurs at rising edge
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TMRB Mode Register (Read-modify-write instructions are prohibited.) (2/2)
7 6 5 4 3 2 1 0
Bit symbol TB4CT1 TB4ET1 TB4CPOI TB4CPM1 TB4CPMO TB4CLE TB4CLK1 TB4CLKO
TB4MOD
Read/Writ R/W W* R/W
(01C2H) ead/Write
After reset 0 0 1 0 0 0 0 0
TB4FF1 inversion trigger Capture timing
0: Trigger disable 00: Disable
S Software - Up counter .
1: Trigger enable cature INT9 occurs at rising edge condol TMRB4 input clock select
Coztrol 01: TB4INOT TB4IN1T pyae 00: TB4INO pin input
Function invert when | 'nvertwhen INT9 occurs at rising-edge. [V /. 01: ¢T1
uca 0: Software . disable .
UC4 is 10: TB4INOT TB4INO! - 10: ¢T4
matches capture } 1: Clear .
loaded into ) 1: Undefined INT9 occurs at falling’edge enable 11: ¢T16
TRACPIHL | With sundefined | ;. TasoUTT TASOUTY
TBARGIHIL INT9 occurs atTising edge
TMRB source clock
00 External ihput,clack (TBNINO pin input)
01 ¢T1
<TBnCLK1:0>
10 OTA
11 ¢T16
Up counter clear control (UCn)
0 Disablé to clear up countéer,
<TBnCLE>
1 Clear by match-with-TBnRG1H/L
Capture/Interrupt timing
Capture control INT5 control
00 Disable capture
— INT generate at ris-
o1 Capture\to.TBNnCPOH/L at rising edge of TBnINO ing edge of TBNINO
Capture to-TBNCP1H/L at rising edge of TBnIN1
<TBOCPM1:0> 10 Capture\to TBnCPOH/L at rising edge of TBnINO INT generate at fall-
Captureto TBNCP1H/L at falling edge of TBnINO ing edge of TBnINO
1 Capture to TBNCPOH/L at rising edge of TAZzOUT INT generate at ris-
Capture to TBNCP1H/L at falling edge of TAzOUT ing edge of TBnINO
Software ‘capture
0 Capture value of up counter to TBnCPOH/L.
<TBnCPOI>
1 Undefined (Note 3)
Note 1: n=0,1,2,3,4
Note 2: z71;,3,5
Note 3: As described above, whenever-0 is\written to TBhMOD<TBNCPOI>, the current value in the up counter is loaded into cap-

tureregister TBNCPOH/L. However,note that the current value in the up counter is also loaded into capture register
TBRCPOH/L when/L/is written to TBAMOD<TBNCPOI> while this bit is holding 0.
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TMRB Flip-Flop Control Register (Read-modify-write instructions are prohibited.) (1/2)

TBOFFCR
(0183H)

TBLFFCR
(0193H)

TB2FFCR
(01A3H)

TB3FFCR
(01B3H)

7 6 5 4 3 2 1 0
Bit symbol TBOFF1C1 TBOFF1CO TBOC1T1 TBOCOT1 TBOE1T1 TBOEOT1 TBOFFOC1 TBOFFOCO
Read/Write W* R/W W+
After reset 1 1 0 0 0 0] 1 1
TBOFF1 control TBOFFO inversion trigger TBOFFO control
00: Invert 0: Disable 00: Invert
01: Set 1: Enable 01: Set
Function 10: Clear Invert when | Invertwhen | Invertwhen | (nvéifwhen | 10:Clear
11: Don't care UCO is UCO is uco yco 11: Don't care
loaded into loaded into matches matches
Note: Always read as 11. TBOCP1H/L. | TBOCPOH/L. | TBORGYH/L.[\TBORGOH/L. | Note: Always read as 11.
Bit symbol TB1FF1C1 | TB1FF1CO TB1C1T1 TB1COT1 TB1E1TT TB1EOT1 TB1FFOC1 | TB1FFOCO
Read/Write W R/W w*
After reset 1 | 1 0 0 0 0 1 | 1
TB1FF1 control TB1FFO inversion triggey TB1FFQ control
00: Invert 0: Disable 00: Invert
01: Set 1: Enable 01’ set
Function 10: Clear Invert when | Infeftwhen__| Invert when | Invert when._ | 0iClear
11: Don't care UClis UClis uc1 uc1 11:Don't care
loaded into loaded into matches matches
Note: Always read as 11. TBL1CP1H/L. | TBLCPOH/L. | TBIRGIH/L. | TBXRGOH/L. | Note: Always read as 11.
Bit symbol TB2FF1C1 | TB2FF1CO TB2CAF1 TB2COT1 TB2E1T1, TB2EOT1 TB2FFOC1 | TB2FFOCO
Read/Write W R/W. w*
After reset 1 | 1 0 0 ) 0 1 | 1
TB2FF1 control TB2RF0-inversion trigger TB2FFO control
00: Invert 0: Disable 00: Invert
01: Set L: Enable 01: Set
Function 10: Clear Invertwhen | Invertwhen | Invertwhen | Invertwhen | 10:Clear
11: Don't care VC2is UC2is uc2 uc2 11: Don't care
loaded into loaded.inte matches matches
Note: Always read as, 11. TB2CP1H/L. | FB2CROK/L-{TB2RGIHIL. | TB2RGOH/L. | Note: Always read as 11.
Bit symbol TB3FF1C1 | TB3FF1CO TB3C1T1 TB3COT1 TB3E1T1 TB3EOT1 TB3FFOC1 | TB3FFOCO
Read/Write W* R/W W+
After reset 1 | 1 0 0 0 0 1 | 1
TB3FFL cantrol TB3FFO inversion trigger TB3FFO control
00: Invert 0 Disable 00: Invert
01: Set 1:Enable 01: Set
Function 10: Clear Invert when | Invert when | Invertwhen | Invertwhen | 10:Clear
11: Don't care UC3is UC3is uc3 uc3 11: Don't care
loaded into loaded into matches matches
Note: Always read as 11. TB3CP1H/L. | TB3CPOH/L. | TB3RG1H/L. | TB3RGOH/L. | Note: Always read as 11.
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TMRB Flip-Flop Control Register (Read-modify-write instructions are prohibited.) (2/2)

7 6 5 4 3 2 1 0
Bit symbol TB4FF1C1 TB4FF1CO TB4C1T1 TB4COT1 TB4E1T1 TB4EOT1 TB4FFOC1 TB4FFOCO
TB4FFCR N
Read/Write W R/W w*
(01C3H)
After reset 1 1 0 0 0 0. 1 1
TB4FF1 control TB4FFO inversion trigger TB4FFO control
00: Invert 0: Disable 00: Invert
01: Set 1: Enable 01: Set
Function 10: Clear Invertwhen | Invert when | Inveptwhen | (Invertwhen | 10:Clear
11: Don't care UC4 is UC4 is uca Ucé4 11: Don't care
loaded into loaded into matches matches
Note: Always read as 11. TBACP1H/L. | TB4CPOH/L. | TB4RGIH/L. [\TB4RGOH/L. | Note: Always read as 11.
<TBnFFOC1:0>Timer flip-flop (TBnFFO) control
00 Invert TBnFFO.
01 Set TBnFFOto-1,
<TBnFFOC1:0>
10 Clear TBnFFOto 0.
1 Dop't-care

Note: 'n=0;1,2,3,4

<TBNnEOT1> TBnFFO inversion when UC

n matches TBhRGOH/L

<TBnEOT1>

0

Disable trigger (disable inversion).

1

Enable trigger (enable inyersien):

<TBNE1T1> TBnFFO inversion whien-UCn matches TBNRGIH/L

<TBnE1T1>

0

Disable trigger (disable‘inversion).

1

Enable trigger (enable inversion).

<TBnCOT1> TBnFFO.inversion when UC

n is loaded into TBNCPOH/L

<TBnCOT1>

0

Disable trigger (disable inversion).

1

Enable trigger (enable inversion).

<TBnCiT1> TBNFFO inversion when UCn.is loaded into TBhCP1H/L

<TBnC1T1>

0

Disable trigger (disable inversion).

1

Enable trigger (enable inversion).

<TBnFF1C1:0>Timer flip-flop-(FBnFF1) control

KTBnFF1C1:0>

00 Invert TBnFF1.

or Set TBnFF1to 1.
10 Clear TBnFF1 to 0.
1 Don't care

Page 131

2007-10-15



TOSHIBA

TMP91FW60

7.4 Operation in Each Mode

7.4.1 16-Bit Interval Timer Mode

TBORUN
INTETBO
TBOFFCR
TBOMOD

TBORG1

TBORUN

Generating interrupts at fixed intervals

In this example the interrupt INTTBOL is set to be generated at fixed intervals. The interval time is set in the

L A N

o r»r X O N

o +r B O O

, O O X u

o o o X b

timer register TBORG1H/L.

P O X P

2
0
0
0
1

=, O O O

(**=01, 10, 11)

Note: X: Don't care, —: No change

7.4.2 16-Bit Event Counter Mode

TBORUN
P8CR
P8FC
INTETBO
TBOFFCR
TBOMOD
TBORG1

TBORUN

Stop TMRBO.
Enable INTTBO1 and set it to(interruptilevel 4. Disable INTTBOO.

Disable trigger.

Select internal clock far input'and disable the capture function.

Set interval timeA16 bits).

Start TMRBO.

If the external clock (TBOINO piniinput) is selected as the input-clock in 16-bit timer mode, the timer can be

N7

2/ 1
0 X
0 O
0o 1
1 0
* %
* *
1 X

Note 1: X: Don't care, &"No-change
Note 2: When the timer is used as an event counter, set the prescaler to run mode (TBORUN<TBOPRUN> = 1).

o kr O g o o o

used as an event counter. The/up-Counter counts up on ¢he rising edge of TBOINO input. To read the value of
the counter, first perform software capture once, thenread\the captured value.

Stop TMRBO!

Set pert to-inputmode.

Set-pertto input mode.

Enable INTTBO1 and set interrupt level 4. Disable INTTBOO.
Disable trigger.

Select TBOINO as the input clock.

Set the number of counts (16 bits).

Start TMRBO.

Page 132 2007-10-15



TOSH'BA TMP91FW60

7.4.3 16-Bit Programmable Pulse Generation (PPG) Output Mode

Square wave pulses can be generated at any frequency and duty ratio. The output pulse may be either active-
Low or active-High.

In PPG mode a match between the value of the up-counter UCO and either_timer register TBORGO or
TBORGL inverts the output value for timer flip-flop TBOFFO. The TBOFKO output value is output on

TBOOUTO. In this mode the following conditions must be satisfied.
(value set in TBORGO) < (value set in TBORG1)

etaoo memapy — AL LI JILC ]

1

Match with TBORG1 X

(INTTBO1 interrupt) | /ﬂ ﬂ H ”
1 1
1

TBOOUTO pin L] (4 ||

Figure 7-2 Programmable Pulse Genération (PPG) Output Waveforms

When the TBORGO double buffer is enabled in thismode, the value of register buffer 0 will be shifted into
TBORGO when the up-counter value matches TBORG1. This feature’ facilitates the handling of low-duty

waves.
Match with TBORGO n n
Up-counter = Qq Up-caounter = Q,
Match with TBORG1 /ﬂ
( Shift into TBORG1
TBORGO 2Ty
(value to be compared) Q1 X Q.

A

Register buffer Qs X Q3
Write to TBORGO

Figure 7-3 ~Operation of Register Buffer

Note:The-values-that can be set in TBXRGx range from 0001h to 0000h (equivalent to 10000h). If the maximum
value 0000h is set, the match-detect signal goes active when the up-counter overflows.
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The following block diagram illustrates this mode.

TBOOUTO (PPG output)

TBORUN<TBORUN>

Selector F/IF
TB%? —> Tobit (TBOFFO)
T4 —> »| upcounter |_ Clear
¢ T16 —> (UICIO) -
<7 Match U
16-bit comparator > 16-bit comparator
| PN | AN
Selector
TBORGOH/L
TBORGO-WR —>» g
T |Register buffer 0| | TRORGIHIL |
TBORUN<TBORDE> P P
S Internal data bus g
Figure 7-4 Block Diagram-of 16-Bit PPG-Mode
The following example shows how to set-16-bit PPG output mode:
7 6 5 3 2 1 0
TBORUN <~ 0 0 X X - 0/ X /0 Disablethe TBORGH/L double buffer and stop TMRBO.
TBORGO « F * * * * * * */ Set the duty ratio.

x k% xS w % x (16 bits)
TBORG1 « * * * * * * *  Set the frequency.
x /x ) 2"« s (16 bitd)
Enable the TBORGOH/L double buffer.

TBORUN 1 0O~ X/X - 0 X O©
< (The duty-and frequency are changed on an INTTBO1 interrupt.)
Set the mode to invert TBOFFO at the match with TBORGOH/L,
TBOFFCR <t 0071110 TBORG1H/L. Clear TBOFFO to “0".
TBOMOD «< 0.0 1 0 0 1 * * gelectprescaler output as input clock and disable the capture func-

(**=01, 10, 11) tion.

P8CR I T N

Set P82 to function as TBOOUTO.
P8FC AL - < =\ ™
TBORUN « 1 0 X | X — 1 X 1  Start TMRBO.

Note: X: Don't care, —: No change
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7.4.4 Capture function examples
Used capture function, they can be applicable in many ways, for example:

One-shot pulse output from external trigger pulse
Frequency measurement

Pulse width measurement

Time difference measurement

M ow e

7.4.4.1 One-shot pulse output from external trigger pulse

Set the up counter UCO in free-running mode with the (internal_input clock, input-the.external trigger
pulse from TBOINO pin, and load the value of up-counter.into capture register. TBOCPOH/L at the rise
edge of the TBOINO pin.

When the interrupt INT5 is generated at the rise edge of TBOINO input, set-the/ TBQCPOH/L value (c)
plus a delay time (d) to TBORGOH/L (= ¢ + d), and set the-above set value‘(¢+ d)'\plus & one-shot width (p)
to TBORGIH/L (= ¢ + d + p). And, set “12™ 'to timer flip-flop contro} register TBOFFCR<TBOELT1,
TBOEOT1>. Set to trigger enable for be! inverted timer flip-flog TBOFFO by UCO matching with
TBORGOH/L and with TBORG1H/L. When.interrupt INTTBO1 occurs; this/inversion will be disabled
after one-shot pulse is output.

The (c), (d) and (p) correspond tolg; dand.p Figure 7-5.

Set the counter in free-running mode.
Vad

Count clock ”I”””l ”””” ””I”l
(Prescaler output clock) ” ” Il " " ” __________________ -
TBOINO pin input |
(External trigger pulse) Load to capture register O\(TBOEROH/L)
INT5 occurred

ryINTTBm

1

I
Inversion : occurred
enable 1

- {
&: Inversion enable| , !

Match with TBORGOH/L

Match with TBORGAH/L

Timer output pin

TBOOUTO
. ' Delay time ' Pulsewidth _
Disables inversion caused by ¢ /
loading.inte TBOCP1H/L. 1 d ! p .

Figure 7-5-One:shot Pulse Output (with delay)
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Example: To output a 2-ms one-shot pulse with a 3-ms delay to the external trigger pulse to the TBOINO

pin.

* Clock state

1 0
0 O
- 1
- 1
X 1

0
- 1
1 1
X =
0 O
X =

TBOMOD « X X 1 0
TBOFFCR « X X 0 o0
P8CR -« - - - -
P8FC « - - - -
INTE56 «— X - - =
INTETBO «— 0 o
TBORUN « - 0 X X
TBORGO < TBOCPO + 3 ms/¢T1
TBORG1 « TBORGO +2 ms/¢pT1
TBOFFCR « X X - =
INTETBO « X 1 0 O
TBOFFCR « X X - =
INTETBO « X 0 0 O
Note: X: Don't care, —: No change

System clock: High frequency (fc)
Clock gear: 1 (fc)
Prescaler clock: fepH

Set free running. Count with ¢T1, Load the up Counter value into
TBOCPOHI/L at the rising edge of TBQINQ pin.input.

Clear TBOFFO to 0. Disable inversion of TBOFFO.

Set P82 to function as the TBOOUTO-pin:
Set P80 to TBOINO input made.

Enable INT5.
Disable INTTB0OO and INT,TBOL.
Start TMRBO.

Enable-TBOFEO-inversion when the up.ceunter value match with
TBORGOH/Lor TBORG1H/L.

Enable INTTBO1.

Disahble-inversion of TBOFEQ when the up counter value match with

value of TBORGOH/L or TBORG1H/L,
Disable INTTBO1.

When delay time’is unhecessary, invert timer-flip-flop TBOFFO when up-counter value is loaded into
capture register(TBOCPOH/L), and set the-TBOCPOH/L value (c) plus the one-shot pulse width (p) to
TBORG1H/L when the-interrupt INT5 occurs.{The TBOFFO inversion should be enable when the up
counter(U€10) value-matches TBORG1H/L -and disabled when generating the interrupt INTTBOL.

L. JULLL . L.

Count clock
(Prescaler output clock)

TBOINO pin-input
(External trigger pulse)

Mateh with TBORG1H/L

Timepoutput
TBOOUTO

Enables inversion caused by loading

into TBOCPOH/L.

|_yLoad into capture register 0 (TBOCPOHIL). |

occurred.

Inversion enable( 1

1 Pulse width !
>

p Disable inversion caused by loading

into TBOCP1H/L.

Figure 7-6  One-shot Pulse Output (without delay)

INT5 occurred. ¥ INTTBO1 '\‘ Load the up counter value il
capture register 1 (TBOCP1
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7.4.4.2 Frequency measurement

The frequency of the external clock can be measured in this mode. The clock is input through the
TBOINO pin, and its frequency is measured by the 8-bit timers TMRAOL and the 16-bit timer/event

counter (TMRBO0). (TMRAOL1 is used to setting of measurement time by inversion TALFF.)

The TBOINO pin input should be for the input clock of TMRBO. Set\te. TBOMOD <TBOCPM1:0> =
“11”. The value of the up counter (UC10) is loaded into the capture register TBOCPOHY/L at the rise edge
of the timer flip-flop TALFF of 8-bit timers (TMRAOL), and into TBOCPAHIL at its fall edge.

The frequency is calculated by difference between the loaded-values in TBOCPOH/L and TBOCP1H/L
when the interrupt (INTTAO or INTTAL) is generates by either 8-bit'timer.

Count clock
csonopninouy JUUULUL . - JUUUL. -

C1 c2
TALFF
1 1 I 1
1 1
Load to TBOCPOH/L c1 ! " c1 :
: | : :
1 1
Load to TBOCPIHIL | 1 I . Il ¢
\ 1 1 ¥
1 1 1 1
INTTAO/INTTAL l I I l

Figure 7-7 _Frequency Measurement

For example, if the valtgfor the level 1 width of TALFF of the 8-bit timer is set to 0.5 s and the differ-
ence between the values innTBOCPOH/L and TBOEPIH/L is 100, the frequency is 100 + 0.5 s = 200 Hz.

Note: The frequency(in/this/example is calculated-with-50"duty.
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7.4.4.3 Pulse width measurement

This mode allows to measure the high-level width of an external pulse. While keeping the 16-bit timer/
event counter counting (Free running) with the internal clock input, external pulse is input through the
TBOINO pin. Then the capture function is used to load the UCO values into-TBOCPOH/L and TBOCP1H/L
at the rising edge and falling edge of the external trigger pulse respectively. The interrupt INT5 occurs at

the falling edge of TBOINO.

The pulse width is obtained from the difference between the valugs/of TBOCPOH/L and TBOCP1H/L
and the internal clock cycle.

For example, if the internal clock is 0.8 us and the difference petween TBOCPOH/L and TBOCP1H/L is
100, the pulse width will be 100 x 0.8 ps = 80 ps.

Additionally, the pulse width which is over the UCO maximum.count time specified by.the clock source,
can be measured by changing software.

Count clock I'I I'I I'I I'I I'I
(Prescaler output clock =i
Cc1 G2

TBOINO pin input |
(External pulse) ‘
1
Load to TBOCPOH/L c1
Load to TBOCP1H/L

|
\j

Figure 7-8)\Pulse Width Measurement

"(:1

— - 777"
e]
N

Cc2

—1

Note: Only-in-this pulse width measuring mode (FBOMOB<TBOCPM1:0> = 10), external interrupt INT5 occurs
at/the falling edge of PBOINO pin input/ Iri othep:modes, it occurs at the rising edge.

The width_of low-level can be measured-from the difference between the first C2 and the second C1 at
the second INT5.interrupt.
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7.4.4.4 Time Difference Measurement
This mode is used to measure the difference in time between the rising edges of external pulses input
through TBOINO and TBOIN1.

Keep the 16-bit timer/event counter (TMRBO) counting (Free running) with the internal clock, and load
the UCO value into TBOCPOHY/L at the rising edge of the input pulse to TBOINOy Then the interrupt INT5

is generated.

Similarly, the UCO value is loaded into TBOCP1H/L at the-rising ‘edge of the input pulse to TBOINL,
generating the interrupt INT6.

The time difference between these pulses can be obtained by multiplying the value subtracted
TBOCPOH/L from TBOCP1H/L and the internal clock cyele together at which loading the up counter
value into TBOCPOH/L and TBOCP1H/L has been done,

Count clock "””"" ”I”””l
(Prescaler output clock) Ut 1 7 (1 1 ) S | e

C1
TBOINO pin input ﬂ
1
1
TBOIN1 pin input / ' f |
1

1 1

1

Load to TBOCPOH/L / // '
1

Load to TBOCP1H/L

INT5

[
1
1
INT6 :
I

Time differehee :

Figure 7-9/ Time Difference Measurement
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8.

Serial Channels (SIO)

TMP91FWG6O0 includes 3 serial I/0 channels. For both channels either UART mode (Asynchronous transmission)

or 1/0O interface mode (Synchronous transmission) can be selected.

1. 1/O interface mode

* Mode 0: For transmitting and receiving /O data using the synchronizing signal SCLK for extending

1/0.
2. UART mode
* Mode 1: 7-bit data
* Mode 1: 8-bit data
* Mode 1: 9-bit data

In mode 1 and mode 2, a parity bit can be added. Mode 3 has asvakeup-function for the master-controller to start

slave controllers via a serial link (A multi-controller system).

Figure 8-2 are block diagrams for each channel.

S10 is compounded mainly prescaler, serial clock generation.cireuit; receiving bufferand.control circuit, transmis-

sion buffer and control circuit.

Both channels operate in the same function except4or the fellowing points; hence-only the operation of channel 0

is explained below.

Table 8-1 Differences in Serial Channel Specifications

8ioo SI01 SI02

TXDO (P90) TXD1 (P93) TXD2 (P41)

Pin name RXDO (P91) RXD1 (P94) RXD2 (P42)
CTS0/SCLKO (P92) CTST/SCLK1 (P95) CTS2/SCLK2 (P43)

® Mode 0 (I/0 interface mdde)

BitoX- 1K 2 X
~<—Transfer direction
® Mode 1 (7-bitUART mode)

No parity o \Startl(Bit OX T X
paity ) \Start ABito X1 X 2

® Mode 2\(8-bit UART mode)

No parity o \Startl(Bit 0 X
Parity ---\Start ABitoX X 7 Xparity) stop

* Mode 3 (9-bit UART mode)
\Start,(BitoX 2 X3 X4 X5 X6 X7 X8 Vstop
wakeup funcion \Start {BitoY 1 X 2 X 3 X 4 X 5 X 6 X 7 Xsits)stop

When bit8 = 1, address (Select code) is denoted.
When bit8 = 0, data is denoted.

w
>

4/X06 X 6 X 7 7

N
()]

)IStop
XParityy Stop
X 7 YStop

=
[¢]

-

,_\
> > X<
N

N

> S >/ >
w

> o< > X
IS

> S > X<
a1

> <K > XK
o

[e]

=
N
[e2)

Figure 8-1 Data Formats
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8.1 Block Diagrams

@TO

Prescaler

—>——1 2| 4[8]16]32]64]

¢T2 ¢T8 ¢T32
mm- Serial clock generation circuit
1
| BRNCR
. TAOTRG
! <BRNCK1:0> (from TMRAO)
X S [
1
: BRNCR BRnADD !
' <BRnS3:0>| |<BRNK3:0>|
1
1

1
1
1$pTO . § 1 _
o 1
:¢TQ b § , > %
618 % [ 5 > O
19 T32 n a X 3
! 1
I ! \
! 1
' ' BRNCR ' SCNMODO
| \ <BRnADDE> ! <SC1:0>
1 1 X
: '- - Baud date generator -} - - J
f Ly
SYS T~
1 . o
! = B
! 3)
scLkn [H—> >|-.@
& o

SCLKn D

1/0 interface mode

interface mode

SCnMODO
<SM1:0>

Note: n =0,1,2 (0:S100, 1:S101, 2:S102)

SIQCLK

Selector

rRxpn [}

all-
Y
4 | X
f scnMeDo_{ ' Serial channel Transmission
Receive cou.nter <WU> interrupt counter
(UART only +-16) control (UART only +16)
RXDCLK ¢ T A IXQCLK ¢ T
Transmission |«
SCnMODO —»| Receive control N
<RXE> SCnCR control
<PE> <EVEN>
| SCnMODO
}l Receive/buffer 1 (Shifttegister) | | Parity~control | <CTSE>
Y ¢ Y

| RBS |Receivebuﬁer2(SCnBUF)| Errorflag |

| B8 |Transmission buffer(SCnBUF)|_

T 1T
SCnCR

<OERR><PERR><FERR>

A PN

N2

YYY

Internal data bus

Figure 8-2\ Block Diagram of the Serial Channel 0/1/2

INT request
INTRXn
INTTXn

—{] cTsn

—>[] T™xon
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8.2 Operation of Each Circuit

8.2.1 Prescaler

A 6-bit prescaler generates an operation clock for SIO0. The prescaler is acteve only when a baud rate gener-
ator is specified as a serial transfer clock. As an input clock of the prescaler,*be sure to set SYSCRO<PRCK1>
to “0” and then specify fepy. This clock is used for ¢ TO with being divided by 4-

Table 8-2 shows prescaler clock resolution into the baud rate generator.

Table 8-2 Prescaler Clock Resolution to Baud Rate Generator

Select System Clock Gear Value Select Prescaler Clock Presgaler OlipitClock Resolution

<SYSCK> <GEAR2:0> <PRCK1> 470 472 oT8 4732
1 (fs) XXX 22ffs 2%/fs 28/fs 28/fs
000 (fc) 22%/fc 2%fc 281 28/fc
001 (fc/2) 0(11) 23jfc 25/fc 27jf¢ 2%1fc

frpH 4 6 8 10
0 (fc) 010 (fc/4) 2%fc 2%/fc 28/fc 210%4c
011 (fc/8) 2Pffe 27fc 2%fc 2Mc
100 (fc/16) 28c 28/fc 210/c 2%2/t¢

The baud rate generator selects between4-clack inputs: ¢ 70, $T2, $T8,.and $T32 among the prescaler out-
puts.

8.2.2 Baud rate generator

The baud rate generator is a circuit which generates-transmission and receiving clocks which determine the
transmission rate of the serial-channels.

The input clock-te.the\baud rate generator, $TO,-0T2;¢T8 or ¢T32, is generated by the 6-bit prescaler which
is shared by the timers, One_of these input clocKs,is’selected using the BROCR<BROCK1:0> field in the baud
rate generatar ¢ontrol register.

The baud rate generator includes-a-frequency divider, which divides the frequency by 1, N + (16 — K)/16 or
16 values, determining the transmission rate——The transmission rate is determined by the settings of
BROCR<BROADDE><BR0S3:0> and BROADD<BROK3:0>.
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8.2.2.1 In UART mode

(1) When BROCR<BROADDE> = 0

The settings BROADD<BROK3:0> are ignored. The baud rate’ generator divides the selected
prescaler clock by N, which is set in BROCK<BR0S3:0>. (N =1, 2,3 ...16)

(2) When BROCR<BROADDE> = 1

The N + (16 — K)/16 division function is enabled. The baud rate generator divides the selected
prescaler clock by N + (16 — K)/16 using the value of N-setin-BROCR<BR0S3:0> (N = 2, 3 ... 15)
and the value of K set in BROADD<BROK3:0> (K =1, 2, 3., 15)

Note: If N =1 and N = 16, the N + (16 — K)/16 division-function.is disabled. Set BROCR<BROADDE> to
“0”.

8.2.2.2 Inl/O interface mode
The N + (16 — K)/16 division functiop-is-not-available in 1/0 interface mode. Set BROCR<BROADDE>
to “0” before dividing by N.

The method for calculating the/transmission rate when-the~baud rate generator is used is explained
below.

(1) In UART mode

Input clock of baud\rate generator .
Fréequency divider for-baud rate generator -

Baud rate=

(2) In')O interface mode

Input-clock of-baud rate generator .
Frequency divider for baud rate generator -

Baud rate=

8.2.2.3 Integerdivider (N divider)

For example, when the-souree-clock frequency (fc) =19.6608 MHz, the input clock frequency = ¢ T2 (fc/
16), the’frequency divider N (BROCR<BR0S3:0>) = 8, and BROCR<BROADDE> = 0, the baud rate in

UART mode is as follows:

*Clock state System clock: High frequency (fc)
Clock gear: 1 (fc)
Prescaler clock: fepH
fc/16
Baudrate= +16

8
= 19.6608 x 108 + 16 + 8 + 16 = 9600 (bps)

Note: The + (16 - K)/16 division function is disabled and setting BROADD<BROK3:0> is invalid.
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8.2.2.4 N + (16 - K)/16 divider (UART mode only)

Accordingly, when the source clock frequency (fc) = 15.9744 MHz, the input clock frequency = ¢ T2,
K (BROADD<BROK3:0>) = 8, and

the frequency divider
BROCR<BROADDE> = 1, the baud rate in UART mode is as follows:

Additionally, the external clock input is available in the serial clock.

The method for calculating the baud rate isexplained below:

* In UART mode
Baud rate = External clock inputfreguency + 16
It is necessary to satisfy (External clockvinput cycle) > 4/fs§

Table 8-3 UART Baud Rate Sélection

Baudrate=

*Clock state

N (BROCR<BROS3:0>)

System clock:

Clock gear:

Prescaler clock:

High frequency (fc)
1 (fc)

- 15.9744 x 10° + 16 + (6 + %) +16 = 9600(bps)

* In 1/O interface mode
Baud rate = External clock-inputfrequency
It is necessary to satisfy (External clock input cycle).> 16/fgyg

Table 8-3 show examples of UART mode transfer rates.

(When baud rate generator.is’used and BROCR<BROADDE>=0, SYSCR0<PRCK>=0) Unit (kbps)
fe [MH] Input Clock $T0 oT2 T8 6T32
Efequensy Dividec N (fcl4) (fc/16) (fc/64) (fc/256)
7.3728 1 115.200 28.800 7.200 1.800
T 3 38.400 9.600 2.400 0.600
T 6 19.200 4.800 1.200 0.300
T A 11.520 2.880 0.720 0.180
T C 9.600 2.400 0.600 0.150
0 F 7.680 1.920 0.480 0.120
9.8304 1 153.600 38.400 9.600 2.400
T 2 76.800 19.200 4.800 1.200
T 4 38.400 9.600 2.400 0.600
P 5 30.720 7.680 1.920 0.480
0 8 19.200 4.800 1.200 0.300
T 10 9.600 2.400 0.600 0.150
Note: Transmission rates in I/O interface mode are eight times faster than the values given above.
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Timer out clock (TAOTRG) can be used for source clock of UART mode only.
Calculation method the frequency of TAOTRG
Frequency of TAOTRG = Baud rate x 16

Note: In case of I/O interface mode, prohibit to use TAOTRG for source clock.

8.2.3 Serial clock generation circuit

This circuit generates the basic clock for transmission and receiving data.

8.2.3.1 In /O interface mode
In SCLK output mode with the setting SCOCR<IOC>£0", the basic clock is generated by dividing the
output of the baud rate generator by 2, as described previously.

In SCLK input mode with the setting SCOCR<IOC> = ‘1, the rising edge)or falling edge will be
detected according to the setting of the SCOCR<SCLKS>fegister to generate thebasic)clock.

8.2.3.2 In UART mode

The SCOMODO0<SC1:0> setting determines whether the baud rate/génerator clock, the internal system
clock fgys, the match detect signal from-timer TMRAQ or the-external-Clock (SCLKO) is used to generate

the basic clock SIOCLK.

8.2.4 Receiving counter

The receiving counter is a 4<bit binary counter used in . UART mode which counts up the pulses of the SIO-
CLK clock. It takes 16 SIOCLKpulSes to receive.-1 bit'of data; each data bit is sampled three times — on the
7th, 8th and 9th clock cycles:

The value of the data bit'is-determined from(thesg three samples using the majority rule.

For example;.if-the data bit is sampled respectively-as “1”, “0” and “1” on 7th, 8th and 9th clock cycles, the
received data bit is taken to be “1'% Adata bit Sampled as “0”, “0” and “1” is taken to be “0”.

8.2.5 Receiving-control

8.2.5.1_'Int/O¥interface mode

In SCLK output'mode-with’the setting SCOCR<IOC> = “0”, the RXDO signal is sampled on the rising
or falling edge of’theshift clock which is output on the SCLKO pin, according to the SCOCR<SCLKS>
setting.

In SCLK input mode with the setting SCOCR<IOC> = “1”, the RXDO signal is sampled on the rising or
falling edge of the SCLKO input, according to the SCOCR<SCLKS> setting.

8.2.5.2 In UART mode

The receiving control block has a circuit which detects a start bit using the majority rule. Received bits
are sampled three times; when two or more out of three samples are “0”, the bit is recognized as the start
bit and the receiving operation commences.

The values of the data bits that are received are also determined using the majority rule.
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8.2.6 Receiving buffers

To prevent overrun errors, the receiving buffers are arranged in a double-buffer structure.

Received data is stored one bit at a time in receiving buffer 1 (which is a shift register).

When 7 or 8 bits of data have been stored in receiving buffer 1, the stored data is transmitted to receiving
buffer 2 (SCOBUF); this causes an INTRXO interrupt to be generated. The CRU only reads receiving buffer 2
(SCOBUF). Even before the CPU reads receiving buffer 2 (SCOBUF), the received data can be stored in receiv-
ing buffer 1. However, unless receiving buffer 2 (SCOBUF) is read before all bits of the/next data are received
by receiving buffer 1, an overrun error occurs. If an overrun error occurs, the contents of receiving buffer 1 will
be lost, although the contents of receiving buffer 2 and SCOCR<RB8> wiill'bé preserved.

SCOCR<RBS8> is used to store either the parity bit — added in 8-bit UJART made — or the most significant bit
(MSB) - in 9-bit UART mode.

In 9-bit UART mode the wakeup function for the slave controller is_enabled by setting SCOMODO<WU> to
“1”; in this mode INTRXO interrupts occur only when the value’of SCOCR<RB8> is “1”,

Note 1: The double buffer structure does not support SCOCR<RV08>.
Note 2: If the CPU reads receive buffer 2 while data is being transferred from receive buffer 1-toreceive’buffer 2,

the data may not be read properly. To avoid this situation, a read of receive buffer 2 should be triggered by
a receive interrupt.

8.2.7 Transmission counter

The transmission counter is a 4-bit binary counter-which is used in UART, mode and which, like the receiv-
ing counter, counts the SIOCLK clock pulses;-a TXDCLK pulse-isgenerated-every 16 SIOCLK clock pulses.

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

TXDCLK " "

Figure8-3, Generation of the Transmission Clock

8.2.8 Transmission/controller

8.2.8.1 Inl/O interface mode

In'SCLK-output mode with the setting SCOCR<IOC> = “0”, the data in the transmission buffer is output
ope bithat a time to the TXDAQ pin on the rising or falling edge of the shift clock which is output on the
SCLKQO pin, according to-the SCOCR<SCLKS> setting.

In SCLK input'mode'with the setting SCOCR<IOC> = “1”, the data in the transmission buffer is output
one/bit at a time on the . TXDO pin on the rising or falling edge of the SCLKO input, according to the
SCOCR<SCLKS>setting.

8.2.8.2 In UART mode

When transmission data sent from the CPU is written to the transmission buffer, transmission starts on
the rising edge of the next TXDCLK.
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8.2.8.3 Handshake function

Use of CTSO pin allows data can be sent in units of one frame; thus, overrun errors can be avoided. The
handshake function is enabled or disabled by the SCOMODO<CTSE> setting.

When the CTSO0 pin goes high on completion of the current data send, data transmission is halted until
the CTSO pin goes low again. However, the INTTXO interrupt is generated, it requests the next data send
to the CPU. The next data is written in the transmission buffer and data transmission is halted.

Though there is no RTS pin, a handshake function can be easily configlred by setting any port assigned
to be the RTS function. The RTS should be output “high” to request.send data halt after data receive is
completed by software in the RXD interrupt routine.

TMP91FW60 TMPO1EW60
TXD »RXD
CTSO |« RTS (Any port)
Sender Receiver

Figure 8-4 Handshake Funetion

Timing to write to
the transmission buffer ( ((
J )]
Transmissi '?;is \
CTS0 >Tsuspended during f ()()
b

this period
a 131415161 2 3 13141516 1 2 3

—
{( " (( "

)) ))
{(

TXD 7 \Start l()(lt ‘ Bit O
))

Note 1: If the-CTS0 signal goes high during'transmission, no more data will be sent after completion of the current transmission.

SIOCLK

TXDCLK

Note 2: Transmission starts on the first falling edge of the TXDCLK clock after the CTSO0 signal has fallen.

Figure 8-5 CTSO0 (Clear to send) Timing
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8.2.9 Transmission buffer

The transmission buffer (SCOBUF) shifts out and sends the transmission data written from the CPU from the
least significant bit (LSB) in order. When all the bits are shifted out, the transmission buffer becomes empty

and generates an INTTXO interrupt.

8.2.10 Parity control circuit

When SCOCR<PE> in the serial channel control register is set to “I1%, itis pessible to transmit and receive
data with parity. However, parity can be added only in 7-bit (JART mode or 8-bit UART mode. The
SCOCR<EVEN-> field in the serial channel control register allows eithereven or odd parity to be selected.

In the case of transmission, parity is automatically generated '\when.data is written to the transmission buffer
SCOBUF. The data is transmitted after the parity bit has been stered in SCOBUF<TBZ>n\7-bit UART mode or
in SCOMODO<TB8> in 8-bit UART mode. SCOCR<PE> and’ SCOCR<EVEN> must-be ‘set before the trans-

mission data is written to the transmission buffer.

In the case of receiving, data is shifted into receivingbuffer 1, and the parity is.added after the data has been
transmitted to receiving buffer 2 (SCOBUF), and then~compared with SCOBUF<RB7>in 7-bit UART mode or
with SCOCR<RB8> in 8-bit UART mode. 4f ‘they™are not equal, a\parity jefror is generated and the
SCOCR<PERR> flag is set.

8.2.11 Error flags

Three error flags are provided tolincrease the reliability of data reception.

8.2.11.1 Overrun error <OERR>

If all the bits of the pextdata item have beenreceived in receiving buffer 1 while valid data still remains
stored in réceiving buffer 2(SCOBUF), an overrfun error is generated.

The below is’arecommended flow when-the-overrun error is generated.

(INTRX interrupt routine)

1/ Read receiving buffer

2>-Read error flag

3.\ if <OERR>=1
then

a. Setto/disable receiving (Write “0” to SCOMODO<RXE>)
b. Waitto terminate current frame
¢. Read receiving buffer
d. Read error flag
e. Set to enable receiving (Write “1” to SCOMODO<RXE>)
f. Request to transmit again
4. Other

Note: Overrun errors are generated only with regard to receive buffer 2 (SCOBUF). Thus, if SCOCR<RB8> is
not read, no overrun error will occur.
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8.2.11.2 Parity error <PERR>

The parity generated for the data shifted into receiving buffer 2 (SCOBUF) is compared with the parity
bit received via the RXD pin. If they are not equal, a parity error is generated.

Note: The parity error flag is cleared every time it is read. However, if a parity error is detected twice in suc-
cession and the parity error flag is read between the two parity errors, it may seem as if the flag had not
been cleared. To avoid this situation, a read of the parity error flag should be triggered by a receive
interrupt.

8.2.11.3 Framing error <FERR>

The stop bit for the received data is sampled three times aroupd the.center. If the majority of the samples
are “0”, a framing error is generated.
8.2.12 Timing generation

8.2.12.1 In UART mode

Table 8-4 Receiving

Mode 9 Bits 8-Bits_+ Parity 8/Bits,{7'Bits + Parity, 7 Bits

Interrunt timin Center of last bit Center-of last bit Conter 5f-stor bit
pttiming (Bit8) (Parity bit) P

Framing error timing Center of stop bit Center of stop bit Center of stop bit

. . Center of last bit i

Parity error timing - (Parity bit) Center of stop bit

Overrun error timin, Center of fax¢ bit Center of lastit Center of stop bit
9 (Bit8) (Parity bit) P

Note 1: In 9 Bits and 8-Bits-+ Parity,mode/ interrupts coincide-with the-ninth bit pulse. Thus, when servicing the interrupt, it is nec-
essary to wait for a~1-bit period (to allow the stop’bit t0 be'transferred) to allow checking for a framing error.

Note 2: The higher the transfer rate-the later than the middle receive interrupts and errors occur.

Table 8-5 Transmitting

Mode 9 Bits 8 Bits + Parity 8 Bits, 7 Bits + Parity, 7 Bits

Just before stop bit is trans- Just before stop bit is

. . Just before stop bit is transmitted
mitted transmitted

Interrupt timing

8.2.12.2.1/Q interface

Immediately after the last bit.
issi SCLK output mode
Transmission p! (See Figure 8-8)
interrupt
timing SCLK input mode Immedia‘tely after rise of last SQLK signal rising mode, or immediately
after fall in falling mode. (See Figure 8-9)
B SCLK output mode Timing used to transmit received data to receive buffer 2 (SCOBUF)
Receiving P (e.g., immediately after last SCLK). (See Figure 8-10)
interrupt
- Timi d to t it ived data t ive buffer 2 (SCOBUF
timing SCLK input mode |m|ng use .o ransmit received data to relcelve uffer 2 ( )
(e.g., immediately after last SCLK). (See Figure 8-11)
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8.3 SFR

Serial Control Register (Read-modify-write instructions are prohibited.)

SCOCR
(0201H)

SCICR
(0209H)

SC2CR
(0211H)

7 6 5 4 3 2 1 0
Bit symbol RB8 EVEN PE OERR PERR FERR SCLKS 10C
Read/Write R R/W R (Cleared to "0" when read), R/W
After reset Undefined 0 0 0 0 0 0 0
I/O interf;
Overrun Parity error Framing Edge selec- in L:Tj;:kce
pari Parity addi- error flag flag erfof flag tion for seﬁection
. Received v tion 0: Undetect | 0: Undetect. |“0:'Undétect | SCLK pin (I/
Function ) 0: Odd . 0: Baud rate
data hit8 0: Disable error error, error O mode)
1: Even generator
1: Enable 1: Detect 1: Detect 1: Detect 0: SCLKT
1: SCLK
error error error 1: SCLK{ L
pin input

Notel: As all error flags are cleared after reading, do not test only a.single bit'with a bit-testing instruction.
Note2: A baud rate generator SCnCR<IOC> = "0" is unavailable-as-an‘input clock for an I/O interface-if a prescaler clock
is set to fc/16 whenSYSCRO<PRCK1> is "1".

Note3: n =0, 1, 2.

Serial Mode Control Register 0

SCOMODO
(0202H)

SC1MODO
(020AH)

SC2MODO
(0212H)

7 6 5 4 3 2 1 0
Bit symbol TB8 CTSE RXE WU SM1 SMo SC1 SCO
Read/Write R/W
After reset 0 0 0 0 0 0 0 0
Serial transmission clock
Handshake Redee Wakeu Serial transmission mode (UART)
Transmis- ) . ) P 00; I/ interface mode 00: Timer TAOTRG
) . function function function ;
Function sion data . - ) 01: 7-bit UART mode 01: Baud rate generator
. 0: Disable 0:-Disable 0: Disable .
bit8 1- Eraie 1: Enable 1- Enatie 10: 8-bit UART mode 10: Internal clock fgys
’ ' ' 11: 9-bit UART mode 11: External clock
(SCLK input)

Notel: SCLKpin and CTS pirf
SCLK pin CTS pin
SI00 SCLKO CTSO
SIO1 SCLK1 CTS1
Sleyl SGLK2 CcTS2

Note2:~A'haud rate generator SChnMODO0<SC1:0> = "01" is unavailable as a serial transfer clock if a prescaler clock

is’set.to-fc/16 whenSYSCRO<PRCK1> is "1".

Note3:-n.=0, 1, 2.

Serial Mode-Controt-Register 1

7 6 5 4 3 2 1 0
Bit symbol 12S0 EDPX0 - - - - — -
Read/Write R/W R/W - — - - - _
After reset 0 0 - - - - - _
SCoMOD1 Bit symbol 1251 FDPX1 - - - - — -
(0205H)
Read/Write R/W R/W - - - - — _
SC1MOD1 After reset 0 0 - - - - - _
(020DH) -
Bit symbol 1252 FDPX2 - - - - — -
SC2MOD1 Read/Write R/W R/W - - - - — _
(0215H) After reset 0 0 - - - - - _
IDLE2 Duplex
Function 0: Stop 0: Half
1: Run 1: Full
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Baud Rate Generator Control

BROCR
(0203H)

BR1CR
(020BH)

BR2CR
(0213H)

BROADD
(0204H)

BR1ADD
(020CH)

BR2ADD
(0214H)

7 6 5 4 3 2 1 0
Bit symbol - BROADDE BROCK1 BROCKO BROS3 BRO0S2 BROS1 BROSO
Read/Write RIW
After reset 0 0 0 0 0 0 0 0
Bit symbol - BR1ADDE BR1CK1 BR1CKO BR1S3 BR1S2 BR1S1 BR1SO
Read/Write RIW
After reset 0 0 0 0 0 0 0 0
Bit symbol - BR2ADDE BR2CK1 BR2CKO BR2S3 BR2$2 BR2S1 BR2S0
Read/Write RIW
After reset 0 0 0 0 Q 0 0 0

Input clock selection for
+ (16 - K)/16 | baud rate generator
Function Q)'Y_Vays write gl:vlljsiz):ble 8(1) iIg Setting of the divided frequency*“N”
1: Enable 10: ¢T8
11: ¢T32

7 6 5 4 3 2 1 0
Bit symbol - - - ~ BROK3 BROK2 BROK1 BROKO
Read/Write - - - - R/W
After reset - - — - 0 0 0 0
Bit symbol - - - - BR1K3 BR1K2 BR1K1 BR1KO
Read/Write - - = - R/W
After reset - - X - 0 0 0 0
Bit symbol - - — - BR2K3 BR2K2 BR2K1 BR2KO
Read/Write - - - - R/W
After reset - - - < 0 0 0 0
Function Sets frequency divisor “K”

(Divided by N + (16 - K)/16)

Baud rate generator frequency divisor setting

BRNCR<BRNADDE> = 1

BRNCR<BRnNADDE> = 0

BRNCR 0001(N=1)UART onl
_ _ = only
<BRnS3:0> | 0000(N=16) | 0010(N=2) o

or to

BRRADD N 1111(N=15)
0001(N=1 =
(N=1) | 1111(N=15) 0000(N=16)
<BRNMK3:0>
0000 Disable Disable
0001 (K # 1) o
Divided by Divided by N
to Disable N + (16 - K)/
111 (k= 15) 16

Note: Availability of +(16 - K)/16 division function

N UART mode 1/0 mode
2to 15 (0] X
1,16 X X

The baud rate generator can be set “1” in UART mode and disable + (16 -
K)/16 division function. Don’t use in I/O interface mode.

Note: Set BRICR<BR1ADDE> to 1 after setting K (K = 1 to 15) to BRIADD<BR1K3:0> when N+ (16 - K)/16

division function is used.

Note: n=0,1,2
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Serial Transmission/receiving Buffer Registers (Read-modify-write instructions are prohibited.)

7 6 5 4 3 2 1 0
SCOBUF TB7 TB6 TB5 TB4 B3 TB2 TB1 TBO | (Transmission)
(0200H)
SC1BUF
(0208H) 7 6 5 4 3 2 1 0
SC2BUF
(0210H) RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO | (Receiving)

8.4 Operation in Each Mode

8.4.1 Mode 0 (I/O interface mode)

This mode allows an increase in the number of 1/O pins available fof transmitting data to or.receiving data
from an external shift register.

This mode includes the SCLK output mode to output\.synchyonous clock; SCLK-and SCLK input mode to

input external synchronous clock SCLK.

Output extension

TMP91FW60

TXD

SCLK

Port

Shift register

Y

Sl

Y

SCK

Y

RCK

v VYN Ay

A
B
C
D
E
F
G
H

Output extension

TC74HC59% orequivalent

TMP91FWe0

TXD

SCLK

Port

Shift register,

P1SCK

» RCK

A
B
(S
D
E
F
G
H

2222222

—External clock

TC74HC595 or equivalent

Input extension

TMP91FW60

RXD

SCLK

Port

Shift register

A

QH

> CLOCK

sIL

Y

A
B
C
D
E
F
G
H

EEEEEEX

Input extension

TC74HC165 or equivalent

Figure!8-6 SCLK Qutput Mode) Connection Example

TMP91FW60

RXD

SCLK

Port

Shift register

< QH
<——>|CcLOoCK
>|SiL

A
B
Cc
D
E
F
G
H

PAAAAARR

— External clock

Figure 8-7 SCLK Input Mode Connection Example

TC74HC165 or equivalent
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8.4.1.1 Transmission

In SCLK output mode 8-bit data and a synchronous clock are output on the TXDO0 and SCLKO pins
respectively each time the CPU writes the data to the transmission/buffer. When all data is output,
INTESO<ITXO0C> will be set to generate the INTTXO interrupt.

Timing to write H\
transmission data ((

SCLKO output
(<SCLKS> = 0: Rising edge mode)\>+ T
1

SCLKO output
(<SCLKS> = 1: Falling edge mode)

TXDO

ITX0C

>

0

!

| Foo
!
EX Bit 6

r(lntemal clock
| timing)

|t
A

<

M
i

Bit' 7

—

|

1/

Bito X  Bitl

T
el -
i B L

; ' N

)

(INTTXO interrupt request)

Figure 8-8 Transmitting Operation in O Interface Mode (SCLK, output mode)

(S<%LCKL0Kiggu:t 0: Rising edge mode) l T l T |_s(’_T l T | T
I 1 1
(S<CSLCKI_0Ki§gu:t 1: Falling edge modg) ¢ ¢ I_()q ¢

In SCLK input mode, 8-bit data is.output on-the TXDO pin whenr'the SCLKO input becomes active after
the data has been written to the transmissien-buffer by/the CRU:

When all data is output, INTESO<ITXQEC> will be setto generate INTTXO interrupt.

W/ Bito X /Bita ngBitS X Bite X éBit?

TXDO

1 1 [} 4 1 1
ITXOC (INTTXO (( |_|
interrupt request) )

Figure 8-9. Transmitting Operation-in 1/O Interface Mode (SCLK input mode)
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8.4.1.2 Receiving

In SCLK output mode, the synchronous clock is outputted from SCLKO pin and the data is shifted to
receiving buffer 1. This starts when the receive interrupt flag INTESO<IRX0C> is cleared by reading the
received data. When 8-bit data are received, the data will be transmitted to receiving buffer 2 (SCOBUF
according to the timing shown below) and INTESO<IRX0C> will be set to-generate INTRXO interrupt.

The outputting for the first SCLKO starts by setting SCOMODO<RXE> to. "1™

IRX0C }.

(INTRXO interrupt request) \ 46

)
(S<%LCKLOK%u>tp=uE): Rising edge mode\\>i T l T |—{()_T | T | T
1

SCLKO output I (’j
(<SCLKS> = 1: Falling edge mode) ¢ ¢ |_() ¢ ¢

Rxeo  TTTTTTT )( Bito ¥ Bit1_ ¥ gg X B, X EBi(7))x

Figure 8-10 Receiving Operation in /O Interface Mode (SCLK putput mode)

In SCLK input mode, the data is shifted-to receiving buffer-1 when the SCLK input becomes active after
the receive interrupt flag INTESO<IRXO0C=)is cleared by reading the received data. When 8-bit data is
received, the data will be shifted-to_receiving buffer 2(SCOBUF ‘according to the timing shown below)
and INTESO<IRX0C> will be/set again to be generate INTRXO jinterrupt.

SCLKO input o
(<SCLKS> = 0: Rising edge mode)

SCLKO input )
(<SCLKS> = 1: Falling edge_mode)

<

1
Ll
------- L T N,
RXDL1 VTS @ Xj\BitS X Bite X Bit7
1
IRXOC —
(INTRXO interrupt request) (.

Figure 8-11-Receiving Operation in I/O Interface Mode (SCLK input mode)

Note?_The system must beputin the receive enable state (SCOMODO<RXE> = 1) before data can be
received.
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8.4.1.3 Transmission and receiving (Full duplex mode)

When the full duplex mode is used, set the level of receive interrupt to “0” and set enable the interrupt
level (1 to 6) to the transmission interrupt. In the transmission interrupt program, the receiving operation
should be done like the above example before setting the next transmission-data.

Example: Channel 0, SCLK output
Baud rate = 9600 bps
fc = 14.7456 MHz

*Clock state System clock: High ftequency (fc)
Clock gear: 1 (fc)
Prescaler clock: fepH
port setting
7 6 5 4 3 2 Y 8]
INTESO X 0 0 1 0 0 0 0 Setthe INTTXO level'to?. Set the:INTRXO level to 0.
SCOMODO - - - - 0 0 < —./ Select I/O interface mode-
SCOMOD1 - 1 X X X/ X~ X=X Select full duplex-mode,
SCOCR - - - = /- 0. 0  SCLKO output mogde, transmit on falling edge mode,
receive on rising edge-mode.
BROCR 0 0 1 1 0 0 1 1 <_Baud rate = 9600 bps
SCOMODO - - 1 - N\ - - - Enahlereceiving
SCOBUF * * * * * * * *  Set the transmit data and start.

Acc SCOBUF Read the receiving buffer.

SCOBUF * * * X * % * *  Set the next transmission data.

Note: X: Don't'eare, —: No change, *: Data
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8.4.2 Mode 1 (7-bit UART mode)

7-bit UART mode is selected by setting serial channel mode register SCOMODO0<SM1:0> to “01”.

In this mode, a parity bit can be added. Use of a parity bit is enabled or disabled by the setting of the serial
channel control register SCOCR<PE> bit; whether even parity or odd parity will-be used is determined by the
SCOCR<EVEN> setting when SCOCR<PE> is set to “1” (Enabled).

Example: When transmission data of the following format, the eantrol.registers should be set as described
below. This explanation applies to channel 0.

~\starefBioX 1 X2 X3 X4 X5 X/e)Gam) st

<€— Transmission direction (Transmission rate: 2400 bps at fc = 12/288 MHz)

Figure 8-12 7-bit UART /mode

*Clock state System-clock: High frequency(fc)
Clock-gear: 1 (fc)
Rrescaler clock: System-clock

SCOMODO <« - - = = {¢] 1 0 1, Select 7-bit UART mode.

SCOCR « - 1 1 - - - - — \_Add even parity.

BROCR <« 0 0 1 0 0 1 0 1I~_Setthe transmission rate to 2400 bps.

INTESO <« X 1 9] 0 - - = = “Enable the INTTXO interrupt and set it to interrupt level 4.
SCOBUF “ * X y * * % ¥ *  Set data for transmission.

Note: X: Don'tcare/-=? No change, *: Data

Page 156 2007-10-15



TOSHIBA

TMP91FW60

8.4.3 Mode 2 (8-bit UART mode)

8-bit UART mode is selected by setting SCOMODO0<SM1:0> to “10”. In this mode, a parity bit can be added
(Use of a parity bit is enabled or disabled by the setting of SCOCR<PE>); whether even parity or odd parity
will be used is determined by the SCOCR<EVEN> setting when SCOCR<PE> is.set to “1” (Enabled).

Example: When receiving data of the following format, the control registers should be set as described

" \swrtfeiof 1 X2 X3 X4 X5 X6 X 72 X2Ysp

<€——Transmission direction (Transmission rate: 9600 bps at fc = 12.288 MHgz)

Figure 8-13 8-bit UART mode

*Clock state

below.
7 6
SCOMODO “«— - -
SCOCR <« - 0
BROCR <« 0 0
INTESO <« — —

Note: X: Don't care, —: No change

Acc « SCOCR/AND 00011100
if Acc # 0 then ERROR
Acc < SCOBUFR

o B kO

System €lock:

High frequency (fc)

Clockgear: 1 (fc)

Prescaler clecks; System clock

2.1

Q 0 Enable receiving in 8-bit UART mode.
- - Add-odd-parity.

1 0 Set the transmission rate to 9600 bps.

1 0 Enable the INTTXO interrupt and set it to interrupt level 4.

Check for errors.

Read the received data.
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8.4.4 Mode 3 (9-bit UART mode)

9-bit UART mode is selected by setting SCOMODO0<SM1:0> to “11”. In this mode parity bit cannot be

added.

In the case of transmission, the MSB (9th bit) is written to SCOMODO<TB8> In the case of receiving, it is
stored in SCOCR<RB8>. When the buffer is written and read, the MSB is read ot written first, before the rest of
the SCOBUF data.

8.4.4.1 Wakeup function

In 9-bit UART mode, the wakeup function for slave controllersis-ehabled by setting SCOMODO<WU>

to “1”. The interrupt INTRXO0 occurs only when <RB8> £ /1%,

3

TXD

Master

RXD

TXD

Slave 1

RXD IXD

Slave 2

RXD

TXD

RXD

Slave 3

Note: The TXD pin of each slave controller phust-be'in open-drain output. mede.

Figure 8-14—Serial Link Using Wakeup/Function
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8.4.4.2 Protocol

1. Select 9-bit UART mode on the master and slave controllers.
2. Set the SCOMODO<WU> bit on each slave controller to “1” td.enable data receiving.

3. The master controller transmits one-frame data including the 8-hit’select code for the slave con-
trollers. The MSB (Bit8) <TB8> is set to “1”.

--\Start,(BitOX 1 X2 X3 X4 X5 X6 X72Y 8 Vs~

Select code of slave controller 1

4. Each slave controller receives the above frame. Each-controller checks thé above select code
against its own select code. The controller whose code matches clears itS WU bitto “0”.

5. The master controller transmits data to the spegifiedslave controller whese SCOMOD0O<WU>
bit is cleared to “0”. The MSB (Bit8) <TB8>/is cleared to “0*

st feio)( 1 X2 X3 X a(a X6 X 7 \sitd /s

Data 0

6. The other slave controlleps. (whose<WU> bits remain-at “1) ignore the received data because
their MSBs (Bit8 or <RB8>) are set to “0” /disabling INTRXO interrupts.
The slave controller (WU-hit =“0") can transmit.data to the master controller, and it is possible

to indicate the end of\data receiving to the master-eontroller by this transmission.
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8.4.4.3 Example

To link two slave controllers serially with the master controller using the internal clock fgyg as the

transfer clock.

E

A A A
A A
TXD RXD TXD RXD XD RXD
Master Slave 1 Slave 2
Select code Select code
00000001, 00001010
Main settings (except port setting)
Register MSB 'sB
7 6 5 3 2 Y 0
Enable the INTTXQ interrupt and set it to interrupt level 4.
INTE X 1 1 1
S0 < 0 X 0 Enable.the INTRXO interrupt and set it to interrupt level 5.
SCOMODO «~ 1 0 1 T 1 1 0 Setfgyg asthetransmission clock for 9-bit UART mode.
SCOBUF «~ 0 0 0 0 0 0 1 Set the select code for slave controller 1.
INTTXO interrupt
Register MSB LSB
7 6 5 3 2 X 0
SCOMODO /) 0 — - ~_ = -~ SetTB8to“0"
SCOBUF « UK * * = * N *  Set data for transmission.

Main settings (except port setting)

Register MSB
INTESO «( X
SCOMODO « {0

INTRXO interrupt

Register MSB
7

Acc « SCOBUF, if Acc = select code

then SCOMODO0  « -

6

LSB

LSB

Enable INTRXO0 and INTTXO.

Set <WU> to “1” in 9-bit UART transmission mode using fgyg as the
transmission clock.

Clear <WU> to “0".
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9. Serial Bus Interface (SBI)

The TMP91FW60 has a 2-channel serial bus interface which an 12C bus mode. This circuit supports only 1°C bus
mode (Multi master).

The serial bus interface is connected to an external device through SDAO,SCL0,SDA1 and SCL1 in the 1°C bus
mode.

9.1 Configuration

— > INTSBI interrupt request
»SCL
faput
output
| control
Transfer D SDAn
control <:
fsys—>| Divider circuit
v SSAAA \
< o |IZCIZ(bus < Shift > |2§j3 bus . —D SCLn
oise clock sysn. ) ata 0ise
—»| canceller [€] + Control registery% control [€éancéVier <€ '; SDA
A A a~ T T
" < 7 I
SBINCR2/ )
BINCR2 | 12CnAR | | SBIDBR | | SBINCR1 | | SBINBR | Note: n = 0, 1
SBIn control register 2/ I°C bus/ SBIn/data/ SBIn controt SBIn baud rate
SBIn status register address register _bufferfegister register 1 registers

Figure\9-1 Serial Bus-Interface (SBI)

9.2 Serial Bus Interface (SBI) Control

The following registers are used to controhthe.serial bus interface and monitor the operation status.
« Serial bus-interface control register 0 (SBIOCRO0, SBI1CRO0)
* Serial'bus interface control register 1 (SBIOCR1, SBI1CR1)
+ Serial bus)interface control register.2 (SBIOCR2, SBI1CR2)
«~Serialbus’interface data bufferregister (SBIODBR, SBI1DBR)
«12Cbus address register (12COAR, I12C1AR)
«_Serial bus interface status register (SBIOSR, SBILSR)
» IDLEZ2 control register (SBIOBR, SBI1BR)
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9.3 Operation in I1°C Bus Mode

Both channels operate in the same function except for the following points; hence only the operation of channel 0

is explained below.

9.3.1 The Data Formats in the 12C Bus Mode

The data formats in the 12C bus mode is shown below.

(a) Addressing format

l«— 8bits —>»|1 |« 1to8bits >{1}€« 1to8bits 1]

IFTTTTT
R|A A A
S| Slave address | /|C Data C Data CIP
WK K K

I(— 1 —>|<— 1 or more 4>|

(b) Addressing format (with restart)

l«— 8bits —>»|1}« 1to8bits >|1| }«— "8bits —>|1|€ 1t08bits)»1|

T T T T 11 LT T 11
R|A A R|A A

S| Slave address |/ |C Data C|S|~Slave address |/ [C Data C|P
WK K WK K

I(— 1 —>|(—10rmore—>| |<— 1 —>|<— 1orm0re—>|

(c) Free data format (Data transferred from master device to slave device)

l«— 8bhits —»{1j« 1to'8bits P11}« 1to8bits »>|1}

T TTTTTT
A A A
S Data C Data C DPata C(P
K K K

I(— 1 —>|(— lormore4)|

S : Start condition
R/W : Direction/bit
ACK : Acknowledge bit
P : Stop condition

Figure 9-2 Data Format in the I°C Bus Mode
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9.3.2

I°C Bus Mode Control Register

The following registers are used to control and monitor the operation status when using the serial bus inter-
face (SBI) in the 1°C bus mode

Serial Bus Interface Control Register 0 (Read-modify-write instructions are prohibited.)

SBIOCRO
(0247H)

SBI1CRO
(024FH)

7 6 5 4 3 2 1 0

Bit symbol SBIOEN - - - PN L - —
Read/Write R/W R
After reset 0 0 0 0 0 0 0
Bit symbol SBI1EN - - - = - =~ -
Read/Write R/W R
After reset 0 0 0 0 0 0 0. 0

SBI
Function 8?3::;2 Always read "0".

1: enable

Note <SBIEN>: When using SBI, <SBIEN> should be-set."1" (SBI operation enable)-before setting each register of SBI module.

Serial Bus Interface Control Register 1 (Read-modify-write~instructions are prohibited))

SBIOCR1
(0240H)

SBI1CR1
(0248H)

7 6 5 4 3 2 1 0
SCKo/
Bit | BC2 BC1 B ACK - K2 K1
it symbo C C CO (o} SC SC SWRMON
Read/Write w R/W - w R/W
After reset 0 0 0 Q - 0 0 0/1
K
Bit symbol BC2 BE1 BCO AEK - SCK2 SCK1 SCKo/
SWRMON
Read/Write W, RIW - w R/W
After reset 0 0) 0 0 - 0 0 0/1
N Acknowl- Internal serial clock selection and software
. Number-of transferred bits .
Function (Note 1) edge mode reset monitor
specification (Note 2)

Internahserial clock selection <SCK2:0> at write

000 n=4%4 — (Note3d)
001 n=5 73.53 kHz
010 n=6 50.00 kHz ~ System clock: fc
_ Clock gear: fc/1
SCK20 011 n=7 30.49 kHz fc =20 MHz (Internal SCL output)
100 n=8 17.12kHz  fscl = (fgyg/2) / (2"+36) [Hz]
101 n=9 9.12 kHz
110 n=10 4.72 kHz
111 (Reserved) (Reserved)
Software reset state monitor <SWRMON> at read
0 During software reset
SWRMON
1 Initial data
Acknowledge mode specification
0 Not generate clock pulse for acknowledge signal
ACK
1 Generate clock pulse for acknowledge signal
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Number of bits transferred

BC2:0

<BC2:0>

<ACK>=0

<ACK>=1

Number of
clock pulses

Bits

Number of
clock pulses

Bits

000

8

9

001

010

011

100

101

110

111

~N|lo|loa|l |l W]IN] P

N~|lo|lo|lh~|lw|N]R]|

X ANA|loloa|l bl w]|N

N[rotal Al W | R

Note 1: For the frequency of the SCL line clock, see 9.3.3.3 “Serial clock”.

Note 2: Initial data of SCKO is “0”",SWRMON is “1".
Note 3: This I2C bus circuit dose not support high-speed mode, it supports-standard mode only. The fscl speed ctah be selected

over 100 kbps by fc and <SCK2:0>, however it's irregular operation,
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Serial Bus Interface Control Register 2 (Read-modify-write instructions are prohibited.)

SBIOCR2
(0243H)

SBI1CR2
(024BH)

Note I~Reading this register functions as SBIOSR/SBI1SR register.
Note 2: Switch to port mode/ after confirming that the bus is free.

Switeh a mode between/12C bus mdde and clocked-synchronous 8-bit SIO mode after confirming that input signals via
port are high level.

7 6 5 4 3 2 1 0
Bit symbol MST TRX BB PIN SBIM1 SBIMO SWRST1 SWRSTO
Read/Write w W
After reset 0 0 0 1 0 0 0 0
Bit symbol MST TRX BB PIN SBIM1 SBIMO SWRST1 SWRSTO
Read/Write w W
After reset 0 0 0 1 0 0 0 0
Cancel
Transmitter/ Start/sto
) Master/slave ) L P INTSBI Serial bus-interface opera-
Function . receiver condition . ] ) Software reset generate
selection ) ) interrupt tion mode selection
selection generation
request
Software reset generate
10
SWRST1:0 I Write “10” and “01”, theh @an/internal reset signal is generated
01
Serial bus interface operating mode selection (Note 2)
00 Port mode (Serial bus interface output disabled)
01 (Reserved)
SBIM1:0
10 12C bus mode
11 (Réserved)
INTSBhinterrupt request
0 —
PIN
1 Cancel interrupt request
Start/stop condition generation
0 Generates the stop condition
BB
1 Generates the start-eondition
Transmitter/receiver selection
0 Receiver
TRX
1 Transmitter
Master/slave selection
0 Slave
MST
b Master
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Serial Bus Interface Status Register (Read-modify-write instructions are prohibited.)

7 6 5 4 3 2 1 0
Bit symbol MST TRX BB PIN AL AAS ADO LRB
SBIOSR Read/Write R
(0243H)
After reset 0 0 0 1 0 0 0 0
Bit symbol MST TRX BB PIN AL AAS ADO LRB
SBI1SR X
Read/Write R
(024BH)
After reset 0 0 0 1 0 0 0 0
Master/slave | Transmitter/ 2ch ilr’:‘t-errsr?t Arbitration zjzvreess GENERAL Last
Function status moni- receiver sta- IC bus sta- P lost detéction CALL detec- | received bit
. tus monitor request . match detec- | . . .
tor tus monitor ) monitor ) . tion monitor | monitor
monitor tion monitor
Last received bit monitor
0 Last received bit was 0
LRB
1 Last received bit was 1
GENERAL CALL detéetion monitor
0 Undetected
ADO
1 GENERAL ‘CALL detected
Slave address match detection monitor
0 Undetected
AAS
1 Slave address’'match or GENERAL CALL \detected
Arbitration\lost detection monitor.
0 =
AL
1 Arbitration lost detected
INTSBI interrupt request monitor
0 Interrupt requested
PIN
1 Interrupt canceled
12C bus status-monitor
0 Free
BB
1 Busy
Transmitter/receiver status monitor
Q Receiver
TRX
T Transmitter
Master/slave status monitor
0 Slave
MST
1 Master

Note 1: Writing in this register functions as SBIOCR2/SBI1CR2.

Note 2: The initial data SBIOSR/SBI1SR<PIN> is "1" if SBI operation is enable (SBIOCRO<SBIOEN>/SBI1CRO<SBI1EN> "1"). If
SBI operation is disable (SBIOCRO<SBIOEN>/SBI1LCRO<SBI1EN> "0"), the initial data of SBIOSR/SBI1SR<PIN> is "0".
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IDLE2 Control Register (Read-modify-write instructions are prohibited.)

7 6 5 4 3 2 1 0
Bit symbol - 12SBIO - - - - - _
SBIOBR
Read/Write W R/W - - - - - R/W
(0244H)
After reset 0 0 - - - > _ 0
Bit symbol - 12SBI1 - - - - - _
SBI1BR
Read/Write W R/W - - - N - R/W
(024CH)
After reset 0 0 - - - - — 0
Operation in
) Always write | IDLE2 mode Always write
Function
“0” 0: Stop “Q”
1: Operate

Serial Bus Interface Data Buffer Register (Read-modify-write instrictions_are’prohibited.)

7 6 5 4 3 2 1 0
Bit symbol DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
SBIODBR
Read/Write R (Received)/W (Transfer)
(0241H)
After reset Undefined
Bit symbol DB7 DB6 DB5 DB4 DB3 BB2 DB1 DBO
BI1DBR
S Read/Write R (Received)/W (Transfer)
(0249H)
After reset Undefined

Note 1: When writing transmitted data, start/from the\MSB (bit7).Receiving data is placed from LSB (bit0).
Note 2: SBIODBR can't be read the written data. Therefore read-modify-writesinstruction (e.g., “BIT” instruction) is prohibitted.

12C Bus Address Register (Read-modify-Write instructions are prohibited.)

7 6 5 4 3 2 1 0
Bit symbol SA6 SA5 SA4 SA3 SA2 SAl SA0 ALS
12COAR
Read/Write w
(0242H) :
After reset 0 0 0 0 0 0 0 0
Bit symbol SA6. SA5 SA4 SA3 SA2 SAl SAO0 ALS
12C1AR -
Read/Write w
(024AH)
After reset 0 0 0. 0 0 0 0 0
Address
recognition
Functign Slave address selection for when device is operating as slave device 9 )
mode speci-
fication
Address-recognition mode specification
0 Slave address recognition
ALS
1 Non slave address recognition
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9.3.3 Control in I°C Bus Mode

9.3.3.1 Acknowledge mode specification

Set the SBIOCR1<ACK> to “1” for operation in the acknowledge mode. The TMP91FW60 generates an
additional clock pulse for an acknowledge signal when operating in master. made./In the transmitter mode
during the clock pulse cycle, the SDA pin is released in order to receive the acknowledge signal from the
receiver. In the receiver mode during the clock pulse cycle, thie-SDA pinvis set to the low in order to gener-
ate the acknowledge signal.

Clear the <ACK> to “0” for operation in the non-acknowledge mode;.the TMP91FW60 does not gener-
ate a clock pulse for the acknowledge signal when operating-in the master mode.

9.3.3.2 Number of transfer bits

The SBIOCR1<BC2:0> is used to select a number of bits for next transmitting and receiving data.

Since the <BC2:0> is cleared to “000” as a start condition, a slave address and-djrection bit transmission
are always executed in 8 bits. Other than these, the~<BC2:0> retains & specified value.

9.3.3.3 Serial clock

(1) Clock source
The SBIOCR1<SCK2:0>-is used to select a maximum transfer frequency outputted on the SCL pin

in master mode. Set the baud rates, which have\been calculated according to the formula below, to
meet the specifications-of the 12C bus, suchas-the smallest pulse width of tLOW.

/(: tHlGH »C tLOW —PE——/1/fscl| ———>

Figure 9-3-Clock Source

SBIOCR1<SCK2:0>

000
tLOW = (2n - l+2g)/fSB| 001
thigH = (2"~ L+ 7)f 010
HIGH S8l ) o1l
fscl = Ut ow + tigr) =fspi/(2” + 36) 100
101
110 10

© 00N Ul S

Note: fgg shows fgyg/2
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()

Internal
(Master

Internal
(Master

SCL pin

Clock synchronization

In the 12C bus mode, in order to wired-AND a bus, a master device which pulls down a clock line
to low level, in the first place, invalidate a clock pulse of another.master device which generates a
high-level clock pulse. The master device with a high-level clock pulse needs to detect the situation
and implement the following procedure.

The TMP91FW60 has a clock synchronization function for nermal data-transfer even when more
than one master exists on the bus.

The example explains the clock synchronization procedures when two masters simultaneously
exist on a bus.

Wait counting high-level
width of a clock pulse

1 1
€ Start counting-high-level width of a clock-pulse

SCL output
A)

'Reset a counter of
{high-level width of a
clock pulse /

SCL output
B)

R

Figure 9-4-Clock'Synchfonization

As master A pulls down.the-internal SCL output to the low level at point “a”, the SCL line of the
bus becomes the low-tevel. After detecting this situation, master B resets a counter of high-level
width of an own clock pulsg and sets the internal SCL output to the low level.

Master A finishes counting low-level width-of an-own clock pulse at point “b” and sets the internal
SCL output to'the high Jlevel. Since master B-halds the SCL line of the bus at the low level, master A
waits’ for counting high-level width/of an” ewn clock pulse. After master B finishes counting low-
leveKwidth of an-ewn clock‘pulse at paint/c” and master A detects the SCL line of the bus at the
high level/and starts counting highlevel-of'an own clock pulse. The clock pulse on the bus is deter-
mined by the-master device with the-shortest high-level width and the master device with the longest

low-level width from among-those master devices connected to the bus.

9.3.3.4 /Slave address and address recognition mode specification

When' the TMP91FW60 is used as a slave device, set the slave address <SA6:0> and <ALS> to the
1I2€0AR. Clear the <ALS> to /0" for the address recognition mode.

9.3.3.57 Master/slave selection

Set the SBIOCR2<MST> to “1” for operating the TMP91FW60 as a master device. Clear the
SBIOCR2<MST> to “0” for operation as a slave device. The <MST> is cleared to “0” by the hardware

after

a stop condition on the bus is detected or arbitration is lost.
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9.3.3.6 Transmitter/receiver selection

Set the SBIOCR2<TRX> to “1” for operating the TMP91FW®60 as a transmitter. Clear the <TRX> to
“0” for operation as a receiver.

When data with an addressing format is transferred in slave mode, when’a slave address with the same
value that an I2COAR or a GENERAL CALL is received (All 8-bit data are “0” after a start condition), the
<TRX> is set to “1” by the hardware if the direction bit (R/W) sent from-the-master device is “1”, and
<TRX> is cleared to “0” by the hardware if direction bit is “0”.

In the master mode, after an acknowledge signal is returned~from-the/slave device, the <TRX> is
cleared to “0” by the hardware if a transmitted direction bit is“/2”;-and <TRX> is set to “1” by the hard-

ware if direction is “0”. When an acknowledge signal is not returned, the current condition is maintained.

The <TRX> is cleared to “0” by the hardware after a stap condition on the 1°C bus‘is detected or arbitra-
tion is lost.

9.3.3.7 Start/stop condition generation

SCL pin

SDA pin

When the SBIOSR<BB> is “0”, slave address.and diréction bit whigh are-set to’'SBIODBR are output on
a bus after generating a start condition by Wwriting “177to the SBIOCR2<MST, TRX, BB, PIN>. It is neces-
sary to set transmitted data to the data buffer register (SBIODBR)-and set “1”to <ACK> beforehand.

T 1 2 3 2 5 6 7 8 9
! -
1
1

E__\__E/A(SXA5XA4XA3XA2XA1XAOXR/W/

Slave address and the direction bit w | Acknowledge signal
7

Start condition |«

Figure 9-5 Start Condition/Generation-and-Slave Address Generation

When the' <BB> is “3”-d sequence of generating a stop condition is started on the bus by writing “1” to
the <MST; TRX,PIN>,/and “0” tothe.<BB>{.Da not modify the contents of <MST, TRX, BB, PIN> until
a stop condition is generated on the bus:

SCL pin /[
T :
SDA pin 5 v/

Stop condition

Figure 96 Stop Condition Generation

The state of the bus can be ascertained by reading the contents of SBIOSR<BB>. SBIOSR<BB> will be
set to “1” if a start condition has been detected on the bus, and will be cleared to “0” if a stop condition has

been detected.
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9.3.3.8 Interrupt service requests and interrupt cancellation

When a serial bus interface interrupt request (INTSBI) occurs, the SBIOCR2<PIN> is cleared to “0”.
During the time that the SBIOCR2<PIN> is “0”, the SCL line is pulled down to the low level.

The <PIN> is cleared to “0” when an 1 word of data is transmitted or reeeived. Either writing/reading
data to/from SBIODBR sets the <PIN> to “1”.

The time from the <PIN> being set to “1” until the SCL line is releasedtakes t o

In the address recognition mode (<ALS> = “0”), <PIN> is.cleared-t0 *0” when the received slave
address is the same as the value set at the I2COAR or when a GENERAL CALL is received (All 8-bit data
are “0” after a start condition). Although SBIOCR2<PIN> can'be.set t0“1” by the program, the <PIN> is
not cleared to “0” when it is written “0”.

9.3.3.9 Serial bus interface operation mode selection

SBIOCR2<SBIM1:0> is used to specify the serial-bus-intérface operation-mode:

Set SBIOCR2<SBIM1:0> to “10” when the-device is'to be used ir/1?C bus mdde after confirming pin
condition of serial bus interface to “H".

Switch to port mode after confirming abus-is frée.

9.3.3.10 Arbitration lost detection monitor

Since more than one master'device/gan exist simultaneously‘on the bus in 12C bus mode, a bus arbitra-
tion procedure has been implémented in order to guarantee the integrity of transferred data.

Data on the SDA line is.Used for 12C bus arbitfation:

The following shows anéxample of a bus arbitration procedure when two master devices exist simulta-
neously on'the bus.\Mastefr A and master, B-output thé same data until point “a”. After master A outputs
“L” and master B/ “H”, the SDA line of the bus is wired-AND and the SDA line is pulled down to the low
level by master A When the SCL line of the bus is pulled up at point b, the slave device reads the data on
the SDA line, that is, data in master A>A data transmitted from master B becomes invalid. The state in
master B is called JARBITRATION LOST*Master B device which loses arbitration releases the internal
SDA putput in order not to affect data.transmitted from other masters with arbitration. When more than
onemaster sends the same data at the first word, arbitration occurs continuously after the second word.

i 1 1 -
SCL pin \ / \ / \ ! / \ /—\_/—\_/_
1
SO N
1 1
Coo
I(r'c/ltgrsr:‘i %DA output \ / \ Y/ : Klnternal SDA output becomes 1 after arbitration

SDA pin \

Internal"SDA-output
(Master A)

Figure 9-7 Arbitration Lost

The TMP91FW60 compares the levels on the bus’s SDA line with those of the internal SDA output on
the rising edge of the SCL line. If the levels do not match, arbitration is lost and SBIOSR<AL> is set to
“117.
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When SBIOSR<AL> is set to “1”, SBIOSR<MST, TRX> are cleared to “00” and the mode is switched
to slave receiver mode. Thus, clock output is stopped in data transfer after setting <AL> = “1".

SBIOSR<AL> is cleared to “0” when data is written to or read from SBIODBR or when data is written to

SBIOCR2.
Internal
SCL output
Master A
el \D7A XD6A\ D5A /D4aXD3AXD24XD1AXDOA / \D7AXDBAXD5A XD4A

[—>Stop the clock pulse

Internal _ﬁ\ﬁ\ﬁ\_/ 4
SCL output

Master & ISnE?Amoeﬂtput \b7B XDGB / V}Keep internal SDA output to high levelas fesing arbitration
<AL> —E |
<MST> \ f
<TRX> —‘/ \
Accessed to |Z|

SBIODBR or SBIOCR2,

Figure 9-8 Example of when TMP91FW#60.is a-Master Device/B (D7A = D7B, D6A = D6B)

9.3.3.11 Slave address match detection monitor

SBIOSR<AAS> is set to “1” in sltave mode, in address recognition mode (e.g., when I2COAR<ALS> =
“0”), when a GENERAL CALL is received, or when\a slave address matches the value set in 12COAR.
When I12COAR<ALS> = “1",-SBI0SR<AAS> is.set-to~*1" after the first word of data has been received.
SBIOSR<AAS> is ¢cleared to “0” when data iswritten to or read from the data buffer register SBIODBR.

9.3.3.12 GENERAL/CALL detection monitor

SBIOSR<ADO=>is set to “I* in-slave-mode, when a GENERAL CALL is received (All 8-bit received
data is-'0” after a start condition)>-SBIOSR<ADO> is cleared to “0” when a start condition or stop condi-

tion,isdetected on the bus.

9.3:3.13 Last received bit monitor

The SDA line_value ‘stored)at the rising edge of the SCL line is set to the SBIOSR<LRB>. In the
acknowledge modelimmediately after an INTSBI interrupt request is generated, an acknowledge signal is
read by reading the contents of the SBIOSR<LRB>.

9.3.3.14 Software reset function

The software reset function is used to initialize the SBI circuit, when SBI is locked by external noises,
etc.

An internal reset signal pulse can be generated by setting SBIOCR2<SWRST1:0> to “10” and “01”.
This initializes the SBI circuit internally. All control registers and status registers are initialized as well.

SBIOCR1<SWRMON?> is automatically set to “1” after the SBI circuit has been initialized.

Note: If the software reset is executed, operation selection is reset, and its mode is set to port mode from 12C
mode.
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9.3.3.15 Serial bus interface data buffer register (SBIODBR)

The received data can be read and transferred data can be written by reading or writing the SBIODBR.

In the master mode, after the start condition is generated the slave address and the direction bit are set in
this register.

9.3.3.16 1°CBUS address register (I2COAR)

I2COAR<SAG:0> is used to set the slave address when the TMP91EWB0 functions as a slave device.

The slave address output from the master device is recoghized by setting the I2COAR<ALS> to “0”.
The data format is the addressing format. When the slave addyess-is-not recognized at the <ALS> = “1”,
the data format is the free data format.

9.3.3.17 Setting register for IDLE2 mode operation (SBIOBRO)

SBIOBRO<I2SBI0> is the register setting operation/stop during~IDLE2( mode—Therefore, setting
<I2SBI10> is necessary before the HALT instructien is.executed.

9.3.4 Data Transfer in 12C Bus Mode

9.3.4.1 Device initialization

Set the SBIOCR1<ACK, SCK2:0>, cleaf bits 2 to 0'and 4 in the SBIOCR1 to “0”.
Set a slave address <SA6:0>'and-the/<ALS> (<ALS> = “0™when an addressing format) to the I2COAR.

For specifying the default setting to a slave receiverimode, clear “0” to the SBIOCR2<MST, TRX, BB>,
set “1” to the <PIN>, “10™t0-the’<SBIM1:0>, andiwrite 0" to bit 1, 0.

7 6 \5 4 3 2 1 O
SBIOCR1 4 X /X %-0/ X 0 0~0 Setacknowledge and SCL clock.
12COAR — XX X X X X X—0 Setslave address and address recognition mode.

SBIOCR2 «—~ 0 0O O 1 1 0 0._% Set to slave receiver mode.

Note: X:Don't care
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9.3.4.2 Start condition and slave address generation

(1) Master mode

In the master mode, the start condition and the slave address are génerated as follows.
Check a bus free status (when <BB> = “0").

Set the SBIOCR1<ACK> to “1” (Acknowledge mode).and specify @ slave address and a direction
bit to be transmitted to the SBIODBR.

When SBIOCR2<BB> = “0”, the start condition are generated by writing “1” to SBIOCR2<MST,
TRX, BB, PIN>. Subsequently to the start condition, nine cloeks’are output from the SCL pin. While
eight clocks are output, the slave address and the diréction-hit which are set to'the-SBIODBR. At the
9th clock, the SDA line is released and the acknowledge signal is received frem theslave device.

An INTSBIO interrupt request occurs at the falting edge’of the 9th cloek-The<PIN> is cleared to
“0”. In the master mode, the SCL pin is pulled down to the low devel while)<PHN is “0”. When an
interrupt request occurs, the <TRX> is changed according to the direction bit-only/when an acknowl-
edge signal is returned from the slave device.

Setting in main routine

7 6 5 4 3 2 1.0

Reg < SBIOSR
Reg < Reg. 0X20

if Reg #0x00 Wait until bus is free:

Then

SBIOCR1 « X X X 41\ X p, 0 O Set to-acknowledgement mode.
SBIODBR <« X X/ X5 X, X X X X Set slave address and direction bit.

SBIOCR2 <« 1~ 1\ 1/)1 0 0 O Generate start condition.

InINTSBI0 interrupt routine
INTCLR %=- 0x30 < Clearthe interrupt request
Process

End of interrupt

(2)—Slave mode

In the slave’'mode;-the-start condition and the slave address are received.

After the start condition is received from the master device, while eight clocks are output from the
SCL pin, the slave address and the direction bit which are output from the master device are received.

When a GENERAL CALL or the same address as the slave address set in I2COAR is received, the
SDA line is pulled down to the low level at the 9th clock, and the acknowledge signal is output.

An INTSBIO interrupt request occurs on the falling edge of the 9th clock. The <PIN> is cleared to
“0”. In slave mode the SCL line is pulled down to the low level while the <PIN> = “0”,
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SCL pin

SDA pin '"E_\: / a6 X a5 X A4 X A3 X A2 X A1 X Ao XR’WI‘/\_f

s

I |
X 1 2 3 4 5 6 7 8 9
1
1

1
Ol Y

vV
Start condition Slave address + Direction bit

CK I
7/

; Acknowledge

signal from a slave
device

<PIN>

INTSBI
interrupt request

L
tﬂ_

Output of master

- = = = Output of slave

9.3.4.3 1-word data transfer

Figure 9-9 Start Condition Generation and Slave Address Transfer

Check the <MST> by the INTSBIO interrupt-process after the 1-word/data transfer/js completed, and

determine whether the mode is a master or slave.

(1) If <MST> ="1" (Master mode)

Check the <TRX> and determine-whether the mode_iSa.transmitter or receiver.

(@) When the <TRX>\=“1"(Transmitter mode)

Check the <LRB>/When <LRB> is “1a receiver does not request data. Implement the pro-
cess to generate a stop condition (Refer-ta below) and terminate data transfer.

When the xRB> is “0”, the rec€iver requests new data. When the next transmitted data is 8
bits;~write\the transmitted data to-SBIODBR. When the next transmitted data is other than 8
pits, set the-<BC2:0> <ACK> and wfite the transmitted data to SBIODBR. After written the
data/ <PIN> becomes “1”a serial_clock pulse is generated for transferring a new 1 word of
datadrom the SCL pin, and then.the T-word data is transmitted. After the data is transmitted, an
INTSBHRinterrupt request-occurs. The <PIN> becomes “0” and the SCL line is pulled down to
the low level. If the data.to-be transferred is more than one word in length, repeat the procedure

from the <LRB> checking ahove.

if MST =0
Then shiftto the process when/slave. mode
it TRX =0
Then shift to the process when receiver mode.
if LRB=0
Then shift to the process that generates stop condition.
7 6 5 4 3 2 1 0
SBIOCR1 <« 0 0 0 1 X X X X Set the bit number of transmit and ACK.

SBIODBR 4« X X X X X X X X Write the transmit data.

End of interrupt

Note: X: Don't care
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SCL pin 1 2 3 4 5 6 7 8 9
Write to SBIODBR_+

SDA pin \ b7 X b6 X D5 X pa X D3 X D2 X D1 X DO ‘/\_5(:5_1/

Acknowledge signal

from a receiver
<PIN> | |_

INTSBI interrupt request |-|

Output from master
4 = = = Output from slave

Figure 9-10 Example in which <BC2:0> = “000” and <ACK>="*1" in Transmitter Mode

(b) When the <TRX> is “0” (Receiver mode)

When the next transmitted data is other/than\ 8 bits, set <BC2:0>\<ACK> and read the
received data from SBIODBR to release the‘SCL/line (Data-which-is téad/immediately after a
slave address is sent is undefined)./Afterthe data is read, <PIN>.becomes “1”. Serial clock
pulse for transferring new 1 word-of data is-defined SCL and-outputs L™ level from SDA pin

with acknowledge timing.

An INTSBIO interrupt request then occurs and the’ <PIN> becomes “0”, then the
TMP91FW60 pulls down the SCL pin to the low level, The TMP91FW60 outputs a clock pulse
for 1 word of data transfer and the-acknowledge signal eachtime that received data is read from

the SBIODBR.

Read SBIODBR

SCL pin
"""" [gipi=Salah S Sanniv2nk Yol Yookl S Rl Yol I At Yo 3 sy
SDA pin D7 Y,/ D651 D5 1 D4 1,D3\ D2 f DI x DO X ACK f«ﬁzd)m
............ A (S [ S ey A Y | S -
Acknowledge

<PIN> J | signal to a
t

INTSBI interrupt request |-|

Output from master
= = = = Output from slave

Figure 9-11- Example of when <BC2:0> = “000", <ACK> = “1" in Receiver Mode

In order to\terminate the transmission of data to a transmitter, clear <ACK> to “0” before
reading data which is 1 word before the last data to be received. The last data word does not
generate a-clack pulse as the acknowledge signal. After the data has been transmitted and an
interrupt request has been generated, set <BC2:0> to “001” and read the data. The
TMP91FW60 generates a clock pulse for an 1-bit data transfer. Since the master device is a
receiver, the SDA line on the bus remains high. The transmitter interprets the high signal as an

ACK signal. The receiver indicates to the transmitter that data transfer is complete.

After the one data bit has been received and an interrupt request been generated, the
TMP91FW60 generates a stop condition and terminates data transfer.
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SCL pin 9 1 2 3 4 5 6 7 8 1

........ P2 F U - -—- -—- -—- -—- -_——-

. EmEEmEmEmEmEme=-= Ll W e W il W Ll N 2y
SDA pin D7 ‘/ D6 Y D5 ! D4 1 D3 1 D2 1 D1 r DO /) \_ .
‘ Al A A 4 M -Acknowledge sig

<PIN>

1
INTSBI interrupt request Il :
1
L"O" — <ACK>

Read SBIODBR "001" — <BC2:0>

Read SBIODBR
Output of master
- = = = Output of slave

=

Figure 9-12 Termination of Data Transfer in/Master-Receiver Mode

Example: In case receive data N times
INTSBIO interrupt (After transmitting data)
7 6 5 4 3 2
SBIOCR1 ¢« X X X X X X X X Setthe.bit number of receive data’and\ACK.
Reg. < SBIODBR Load the dummy data.
End of interrupt

INTSBIO interrupt (Receive data of 1st to (N 2) th)
7 6 5 4 3 2 \1 0
Reg. <« SBIODBR Load the data of 1st to\(N,2)th.
End of interrupt

INTSBIO interrupt ((N 1) th Receive data)
7 6 5/47° 32 1 0
SBIOCR1 « X X X \0 0 )X X X Not.generate acknowledge signal
Reg. <« SBIODBR Loadthe-data of (N 1)th
End of interrupt

INTSBIO interrupt (Nth-Receive.data)
7—6.5 4 321 0
SBIOCRIN &£ /0 0 71 0 0 XXX Generate the clock for 1bit transmit
Reg. &~ _SBIODBR Receive the data of Nth.
End of interrupt

INTSBIQ interrupt (After receiving data)
The process of)generating stop condition Finish the transmit of data
End-ef interrupt
Note:X:\Don't care

(2y If <MST>ZD (Slave mode)

In the slave mode,the TMP91FW60 operates either in normal slave mode or in slave mode after
losing arbitration.

In the slave mode, an INTSBIO interrupt request occurs when the TMP91FW60 receives a slave
address or a GENERAL CALL from the master device, or when a GENERAL CALL is received and
data transfer is complete, or after matching received address. In the master mode, the TMP91FW60
operates in a slave mode if it detects losing arbitration. An INTSBIO interrupt request occurs when a
word data transfer terminates after losing arbitration. When an INTSBIO interrupt request occurs the
<PIN> is cleared to “0” and the SCL pin is pulled down to the low level. Either reading/writing from/

to the SBIODBR or setting the <PIN> to “1” will release the SCL pin after taking t, oy time.

Check the SBIOSR<AL>, <TRX>, <AAS>, and <ADO> and implements processes according to
conditions listed in the next table.
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Example: In case matching slave address in slave receive mode, direction bit is "1".
INTSBIO interrupt
if TRX=0
Then shift to other process
ifAL=1
Then shift to other process
if AAS =0
Then shift to other process

7 6 5 4 3 2 1 O

SBIOCR1T <« X X X 1 X X X X

SBIODBR <« X X X X X X X X Set the data of transmit,

Note: X: Don'’t care

Table 9-1 Operation in the Slave Mode

Set the bit number of transmit:

<TRX> <AL> <AAS> <ADO> Conditions Rrocess
The TMP91FW6O loses arbitration when
transmitting a'slave address and
1 1 0 receives a slave address’for which the
value of the direction bit sent from Setthe number of bits a word in <BC2:0>
another masteris “1". ‘and write the transmitted data to
Iryslave receiver mode, the TMP91EW6Q SBIODBR.
receives a slave address/for' which the
1 0 S .
value of therdirection bit sent from the
1 masteris “1”.
Check the <LRB> setting. If <LRB> is set
to “1”, set <PIN> to “1” since the receiver
0 win no request the data which follows.
i X Then, clear <TRX> to “0” to release the
In slave transmitter mode, a-single word .

0 0 of data is transimittad: bus. If <LRB> is cleared to “0”, set
<BC2:0> to the number of bits in a word
and write the transmitted data to
SBIODBR since the receiver requests
next data.

The-FTMRI1FW6O0 loses arbitration when
transmittinga-slave address and
1 1/0 receives a slave address or GENERAL
CALL fer which the value of the direction
¥ bit sent from another master is “0”.
The TMP91FW6O loses arbitration when Read the Sle()DBR for setting the <PIN>
. to “1” (Reading dummy data) or set the
0 0 transmitting a slave address or data and <PIN> to “1".
0 terminates word data transfer.
In slave receiver mode, the TMP91FW60
1 70 receives a slave address or GENERAL
CALL for which the value of the direction
0 bit sent from the master is “0”".
. Set <BC2:0> to the number of bits in a
In slave receiver mode, the TMP91FW60 .

0 1/0 terminates receiving word data. word and read the received data from

SBIODBR.
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9.3.4.4 Stop condition generation

When SBIOSR<BB> = “1”, the sequence for generating a stop condition is started by writing “1” to
SBIOCR2<MST, TRX, PIN> and “0” to SBIOCR2<BB>. Do not modify the contents of SBIOCR2<MST,
TRX, PIN, BB> until a stop condition has been generated on the bus. When the bus’s SCL line has been
pulled low by another device, the TMP91FW60 generates a stop condition-when the other device has
released the SCL line and SDA pin rising.

7 6 5 4 3 2
SBIOCR2 ¢« 1 1 0 1 1 0 0 O Generate stop condition.

7 SIVID 1 ~
"= <TRX>
" — <BB> Stop condition
" — <PIN>

SSEk

Internal SCL

SDA pin

<PIN>

<BB> (Read)

Figure 9-13 Stop Condition Generation-(Single master)

"0" — <BB>
"1" — <PIN>

Internal SCL / J

"1" — <MST>
1" - <TRX>} /_ Stop condition

—o

SCL pin

17 _14|
I‘
_|
=
@
o
o
1%
®
g
2,
o
=4
@
Q

.
{_

SDA pin

<PIN> J

<BB> (Read)

Figure 9-14 Condition Generation (Multi master)
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9.3.4.5 Restart

Restart is used during data transfer between a master device and a slave to change the data transfer
direction.

The following description explains how to restart when the TMP91FW60'is in Master mode.

Clear SBIOCR2<MST, TRX, BB> to “0” and set SBIOCR2<PIN> to “1*.to release the bus. The SDA
line remains High and the SCL pin is released. Since a stop condition has, not-been generated on the bus,
other devices assume the bus to be in busy state.

And confirm SCL pin, that SCL pin is released and become-hus-free-state by SBIOSR<BB> = “0” or
signal level “1” of SCL pin by sensing its port (change to input mode), Check the <LRB> until it becomes
“1” to check that the SCL line on a bus is not pulled down to the-lew’level by other devices. After con-
firming that the bus remains in a free state, generate a start>condition using the precedure described in
9.34.2.

In order to satisfy the setup time requirements when restarting, take at least 4.7 us-of waiting time by
software from the time of restarting to confirm that'the/bus is free untilithe time_to/generate the start con-
dition.

7 6 5 4 3 2 1 0
SBIOCR2 ¢« 0O 0 0 1 1 0 0 Q Release/the bus

if SBIOSR<BB> # 0 ChecK if SCL pin is released.

Then

if SBIOSR<LRB> # 1 Check if SCL pin.of other device is "L" level.
Then

4.7us Wait

SBIOCR1 « 0O 0 0 2 (0 X\ \X X Set acknowledgement mode.
SBIODBR ¢« X X X X \X—X/X X Set the stave-address and direction bit.
SBIOCR2 « 1 1 (Y /¥ /4 0 0 O Geénerate start condition.

Note: X: Don't care

"1"—><MST>
"1"><TRX>

10 <MST> 1'><BB>

S:ZE?S "1"—=<PIN>

"1 s<PIN> 4.7us (Min) —> Start condition
€ 4.7us (Min) o [

SCL pin /_\ < N _J__ ]
S e -
b : ] /\ ;

<LRB> ] - &

<BB> |

<PIN> | I

Figure 9-15 Timing Diagram for TMP91FW60 Restart

Note: Don't write <MST> "0", when <MST> "0" condition. (Cannot be restarted)
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10. 10-bit AD Converter (ADC)

The TMP91FW60 have a 10-bit successive approximation type AD converter.

10.1 Configuration

The circuit configuration of the 10-bit AD converter is shown in Figure 10-1.

It consists of control register ADCCR1 and ADCCR2, converted value register ADCDRH and ADCDRL, a DA
converter, a sample-hold circuit, a comparator, and a successive comparison.circuit.

DA converter
‘L
Vrern O : L MM m e m T Ayss
A VS R2 R R/2 H
Vee I:I—’ LT
Analog input 1= Sample hold -+ Reference
multiplexer 1 circuit : voltage
ANO OF———A Y W
ANt OF— ! i 10
1
% g L_________;___: \ /
Analog
comparator
AN14CF———0
AN15 D P S 4 Successive-approximate circuit
_°[" SATN Shift clock [ 771
EN
AINEN Contol circuit
INTAD
ack | |5 rHS>—
2 4 0 fb |RSEL ¢ | Selector
AD RS\ | AMD c I8 { 5
ADCCR1 ADCCR2 ADCDRL ADCDRH
AD converter control-register 1;-2 AD conversion result register 1, 2

Note: Before using’AD conyerter, set appropriaté value to 1/O/port register combining a analog input port. For details, see the sec-
tion on "1/O perts.

Figure-10-1-10-bit AD Converter

10.2 Register-eonfiguration

The AD converter consists of the-follewing four registers:

1.—AD-converter controlregister ' (ADCCR1)

This register selectsthe analog channels and operation mode (single or repeat) in which to perform AD
conversion and controls the AD converter as it starts operating.

2. AD converter control register 2 (ADCCR?2)

This register selects the AD conversion time and controls the connection of the DA converter (Ladder
resistor network) and monitors the operating status of the AD converter.

3. AD converted value register (ADCDRH, ADCDRL)

This register used to store the digital value after being converted by the AD converter.
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AD Converter Control Register 1

7 6 | 5 4 3 | 2 1 0
Bit symbol ADRS AMD AINEN SAIN
ADCCR1
Read/Writ RIW
(02BOH) ead/Write
After reset 0 0 | 0 0 0 | 0 0 0
AD conver- | AD operating mode Analog input Analog input channel select
_ sionstart | 00:AD operation disable | ) 0000: ANO | 0100: AN4—1000: AN8 | 1100: AN12
Function | 0:- 01: single mode Odisable | 0001 AN1 [ 0161/ANS | 1001: AN9 | 1101: AN13
L-ADcon- | 10: Reserved 1-enable 0010:AN2 | 0170: ANG | 1010: AN10 | 1110: AN14
version start | 11: Repeat mode 0011: ANS | 0MIAN7 | 1011: AN11 | 1111: AN15

Note 1: Select analog input channel during AD converter stops (ADCCR2<ADBF> =*0")/
Note 2: When the analog input channel is all use disabling, the ADCCR1<AINEN> should be set to “0”.
Note 3: During conversion, Do not perform port output instruction to maintain a precision for all of the pins because analog input

port use as general input port. And for port near to analog input, Do notinput intense signaling-of change.

Note 4: The ADCCR1<ADRS> is automatically cleared to “0” after starting Conversion.

Note 5: Do not set ADCCR1<ADRS> newly again during AD conversiof/ Before setting ADCCR1<ADRS> newly again, check
ADCDR2<EOCF> to see that the conversion is completed-ar wait until the interrupt signal (INTADC)/is generated (e.g.,
interrupt handling routine).

Note 6: Starting of STOP mode, SLOW mode, and the IDLE1 mode initializes the AD control'register-1 (ADCCR1) except for

SAIN. Moreover, in the case of the IDLE2 mode, it/controls-hythe <I2AD> bit of ADECCR2) Therefore, to use AD converter
again, set the ADCCR1 newly after returning to NORMAL mode.

AD Converter Control Register 2 (Read-modify-write instrustions are prohibiteg:)

7 6 5 4 3 | 2 1 0
Bit symbol EOCF ADBF RSEL 12AD ACK
ADCCR2 Read/Write R/W
(02B1H)
After reset 0 Q 0 0 1 | 1 0 0
AD conver- AD-conver- AD conversion time select
sion end flag /| /Sion BUSY Storing of an
flag AD conver- IDLE2 con-
0‘Before.or sion result trol
. daring con- Q: During
Function . .
VerSin stop of AD | 0: 10hit 0:Stop See" Table 10-1 ACK setting and Conversion time "
conversion mode
1: Conver< T:Operation
sion com- 1: During AD | 1:.8bit mode
pleted conversion

Note 1: Starting-ofhSTOP mode, SLOW4mode, and the IDLE1 mode initializes the AD control register 2 (ADCCR2) except for ACK
and 12AD) Moreover, in the case ofthe IDLE2 mode, it controls by the <I2AD> bit of ADCCR2. Therefore, to use AD con-

verter-again, set the ADCCR2newly after returning to NORMAL mode. Therefore, the AD conversion result should be
read to ADCDRL more first than ADCDRH.

Note-2: The ADCCR2<EOEF>/ig cleared to/“0” when reading the ADCDRH.
Nete~3: The ADCCR2<ADBE>is set to “1” when AD conversion starts, and cleared to “0” when AD conversion finished.
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Note 1: Setting for “-” in the above table are inhibited.

Table 10-1 ACK setting and Conversion time

Conditon Conyersion 20MHz 16MHz 10 MHz 8MHz 4 MHz 2 MHz
ACK time

OXXX Reserved

1000 Reserved

1001 Reserved

1010 78lfc - - - - 195 us 39.0 us

1011 156/fc - - 15.6 us 19.5'us 39.0 js 78.0 us

1100 312/fc 15.6 ps 19.5 ps 31.2 ps 39.0°us 78.0 ps 156.0 ps

1101 624lfc 31.2 us 39.0 us 62.4 pus 78.0.u5 156.0 ps -

1110 1248/fc 62.4 us 78.0 us 124.8 ps 156:0 ps - =

1111 Reserved

fc: High Frequency joscillation clock [Hz]

Note 2: Set conversion time setting should be kept more than thefellowing time by Analog reference\veltage.

— VRern=451055V

15.6 us and more

AD Converted value Register H (8-bit storing mode)

7 6 5 4 3 2 1 0
Bit symbol ADO09 ADO8 ADO7 ADO6 ADO05 ADO0O4 ADO3 ADO2
ADCDRH .
(02B3H) Read/Write
After reset 0 | 0 ] 0 | 0 0 0 0 0
AD Converted value Register H (10-bit-stering mode)
7 6 5 4 3 2 1 0
Bit symbol - — - 5 - - ADO09 ADO8
ADCDRH Read/Writ
(02B3H) cadvmte
After reset 0 0 0 0 0 0 0 0
AD Converted value’Register L
7 6 5 4 3 2 1 0
Bit symbol ADO7 ADD6 ADO5 ADO4 ADO3 ADO2 ADO1 ADOO
ADCDRL .
(02B2H) Read/\Write
After.reset 0 0 0 0 0 0 0 0
Note: At the time of 10-bit storing-mode, if the bit 7 to 2 of ADCDRH is read, “0” will be read.
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10.3 Function

10.3.1 Single mode

After setting ADCCR1<AMD> to “01” (single mode), set ADCCR1<ADRS> to “1”. AD conversion of the
voltage at the analog input pin specified by ADCCR1<SAIN> is thereby started.

After completion of the AD conversion, the conversion result is stored in/AD-converted value registers
(ADCDRH, ADCDRL) and at the same time ADCCR2<EOCF> is set to 1, the AD canversion finished inter-
rupt (INTADC) is generated.

ADCCR1<ADRS> is automatically cleared after AD conversion.has started. /Do not set ADCCR1<ADRS>
newly again (Restart) during AD conversion. Before setting ADCCR1<ADRS> newly again, check
ADCCR2<EOCF> to see that the conversion is completed or wait until the interrupt signal (INTADC) is gen-
erated (e.g., interrupt handling routine).

AD conversion start AD conversion start

ADCCR1<ADRS> ] ]

ADGCR2<ADBF> | _‘ [ |

ADCDRx status Indeterminate X 1st conversion-result X 2nd conveérsijen result

EOCF cleared by reading

ADCCR2<EQCF> conversion result

A

|

INTADG interrupt request

ADCDRH
Conversion result Conversion result
ADCDRL |'| read |'| read
Conversion result Conversion result
read read

Figure. 10-2\,Single mode
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10.3.2 Repeat Mode

AD conversion of the voltage at the analog input pin specified by ADCCR1<SAIN> is performed repeat-
edly. In this mode, AD conversion is started by setting ADCCRA<ADRS> to “1” after setting
ADCCR1<AMD> to “11” (Repeat mode).

After completion of the AD conversion, the conversion result is stored in\AD ¢onverted value registers
(ADCDRL, ADCDRH) and at the same time ADCCR2<EOQOCF> is set to 1,-the AD conversion finished inter-
rupt (INTADC) is generated.

In repeat mode, each time one AD conversion is completed, the next-AD-conversion is started. To stop AD
conversion, set ADCCR1<AMD> to “00” (Disable mode) by writing 0s.~The AD convert operation is stopped
immediately. The converted value at this time is not stored in the ADconverted value register.

AMD = 11 J AMD_ = 00

When not performing conversion-result read-out,
EOCF is not cleared and a conversion result is
ADRS =1 _l not stored. Y,
/AD convert-gperation suspended.
Conversion operation 1st conversion Xend conversion resu%&d conversion result X\ /Conversion resdit is not stored.
ADCDRx Indeterminate X 1st conversion resutt X__3rd conversion result

EOCF | | |
INTAD [] [] [

Conversion
AD conversion start result read

Figure 10-3 Repeat Mode

10.3.3 Register. Setting

1. Set up the AB_converter contral register1 (ADCCR1) as follows:

¢/Choose the channel to AD convert using AD input channel select (SAIN).

«~Specify analog input'enable for analog input control (AINDS).

« ‘Specify AMD for the ‘AD converter control operation mode (ssingle or repeat mode).
2.~Set up the AD convertercontrol register 2 (ADCCR?2) as follows:

Set the \AD conversiontime using AD conversion time (ACK). For details on how to set the con-
version time, refer to Table 10-1 and AD converter control register 2.

3. After setting up (1)and (2) above, set AD conversion start (ADRS) of AD converter control register 1
(ADCCR1) to “1”. If software start mode has been selected, AD conversion starts immediately.

4. After an elapse of the specified AD conversion time, the AD converted value is stored in AD con-
verted value register (ADCDRH and ADCDRL) and the AD conversion finished flag (EOCF) of AD
converter control register 2 (ADCCR?2) is set to “1”, upon which time AD conversion interrupt
INTADC is generated.

5. EOCF is cleared to “0” by a read of the conversion result. However, if reconverted before a register
read, although EOCF is cleared the previous conversion result is retained until the next conversion is
completed.
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Example :After selecting the conversion time 19.5 us at 16 MHz and the analog input channel AIN3 pin, perform AD con-
version once. After checking EOCF, read the converted value, store the lower 2 bits in address 0009EH nd store
the upper 8 bits in address 0009FH in RAM. The operation mode is single mode.

LD (ADCCR1), 00110011B ; Select AIN3
D (ADCCR2) , 000011008 ;Select conversion time(312/fc) and operation
mode
SET (ADCCR1) .7 ; ADRS-=1(AD_conversion start)
SLOOP : TEST (ADCCR2) .7 ; EOCF=1 ?
JRS T, SLOOP
LD A, (ADCDRL) . Read result data
LD (9EH) , A
LD A, (ADCDRH) ; Read result data
LD (9FH), A

10.4 IDLE1/STOP/SLOW Modes during’AD-Conversion

When standby mode (IDLE1,STOP or SLOW mede).is-entered forcibly during. AD conversion, the AD convert
operation is suspended and the AD converter is-initialized’(ADCCR1 and ' ADCCR2 are initialized to initial value).
Also, the conversion result is indeterminate. (Conversian results up-to-the-previous operation are cleared, so be sure
to read the conversion results before entering standby mode (IDLE1,STOPR ‘or SLOW mode).) When restored from
standby mode (IDLE1,STOP or SLOW mede),»AD/conversionis not automatically restarted, so it is necessary to
restart AD conversion. Note that since the\analog)reference voltage is-autetnatically disconnected, there is no possi-
bility of current flowing into the analog-yeference voltage.

Moreover, in the case of the IDLE2 mode,)it controls by the <I2AD> bit of ADCCR2.

Page 186 2007-10-15



TOSH'BA TMP91FW60

10.5 Analog Input Voltage and AD Conversion Result

The analog input voltage is corresponded to the 10-bit digital value converted by the AD as shown in Figure 10-4.

A

3FF, T —

3FE, T+

3FDy, +

AD o
conversion < /,‘(
result 7

))

03, 1

02y + 7

OlH T 7

Il Il Il (C i Il Il 1 VREFH_ AVSS
T T T D)} T T T T » X
0 1 2 3 1021 1022 1023 1024 1024

Analog input voltage

A

Figure 10-4 Analog Input Voltage and AD ConversionResult (Typ.)
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10.6 Precautions about AD Converter

10.6.1 Analog input pin voltage range

Make sure the analog input pins (ANO to AN15) are used at voltages within Vgggy t0 Ayss. If any voltage

outside this range is applied to one of the analog input pins, the converted value on that pin becomes uncertain.
The other analog input pins also are affected by that.

10.6.2 Analog input shared pins

The analog input pins (ANO to AN15) are shared with input/output ports—When using any of the analog
inputs to execute AD conversion, do not execute input/output instructions\for all other ports. This is necessary
to prevent the accuracy of AD conversion from degrading. Not only these-analog input shared pins, some other
pins may also be affected by noise arising from input/output to' and-frem adjacent pins.

10.6.3 Noise Countermeasure

The internal equivalent circuit of the analog input pins.is:shown in Figure 10-5:.The higher'the output imped-
ance of the analog input source, more easily they are susceptible to noisé.~Therefore, make sure the output
impedance of the signal source in your design 45 5kQ ot Jess. Toshiba also ‘reCommends attaching a capacitor
external to the chip.

ANi R=bk Q /Typ.

SO "
L . Internal capacitance
Permissible signal ; C=12pF (Typ.) ;

source impedance
5k Q /Max.

% Internal resistange Analog comparator

DA converter
note) i=0 to 15

Figure 10-5 Analog Input Equivalent Circuit and Example of Input Pin Processing
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11. Program Patch Logic

The TMP91FW®60 has a program patch logic, which enables the user to fix the program code in the on-chip ROM
without generating a new mask. Patch program must be read into on-chip RAM from external memory during the

startup routine.

Up to six two-byte sequences, or banks (Twelve bytes in total) can be replaced with patch code. More significant
code correction can be performed by replacing program code with single-byte instruction coede which generates a

software interrupt (SWI) to make a branch to a specified location in the on-chip RAM area.

The program patch logic only compares addresses in the on-chip ROM area;.itcannot fix the program code in the

on-chip peripheral, on-chip RAM and external ROM areas.

Each of six banks is independently programmable, and functionally.equivalent. In the follewing sections, any ref-

erences to bankO also apply to other banks.

11.1 Block Diagram

(Bank0)

Address bus ._

Output

Y

Address compare registers
(ROMCMPOO to ROMCMP02)

(Bank1)

signal 4
Vl

enable .
Ll

(Bank0)
Address substitution
registers (ROMSUBOL/H)

Y

Address compare-registers
(ROMCMP10 to” ROMCMP12)
(Bank2)

A 4

Y

(Bank1)
Address substitution
registers (ROMSUB1L/H)

Y

Address compare registers
(ROMCMP20 to ROMCMP22)

(Bank3)

Y

Y

(Bank2)
Address substitution
registers (ROMSUB2L /H)

Y

Address compare registers
(ROMCMP30.to ROMCMP32)

(Bank4)

¥90|q 4J8dwod $$94ppy

Y

¥90|q ]041U09 1nding

Y

(Bank3)
Address substitution
registers (ROMSUB3L/H)

Y

Address compare registers
(ROMCMP40\ to ROMCMP42)

(Banks)

Y

Y

Y

(Bank4)
Address substitution
registers (ROMSUB4L/H)

Address—eompare registers
(ROMCMP50 to ROMCMP52)

Y

Y

(Bankb)
Address substitution
registers (ROMSUB5L/H)

Figure 11-1 Program Patch Logic Diagram
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11.2 SFR Descriptions

The program patch logic consists of six banks (0 to 5). Each bank is provided with three bytes of address compare
registers (ROMCMPx0 to ROMCMPx2) and two bytes of address substitution registers (ROMSUBXL and ROM-
SUBXH).

BankO Address Compare Register 0

7 6 5 4 3 2 1 0
ROMCMPOO | Bit symbol ROMCO7 ROMCO06 ROMCO05 ROMCO04 ROMCO3 ROMEC02 ROMCO1 -
(0400H) -

RMW Read/Write W -
instructions I afrer reset 0 0 0 0 0 0 0 -
are prohib-

ited. Function Target ROM address (Lower 7_bits) —

Bank0 Address Compare Register 1
7 6 5 4 3 2 1 0
ROMCMPO1 | Bit symbol ROMC15 ROMC14 ROMC13 ROMCI2 ROMC11 ROMC10 ROMCO09 ROMCO08
(0401H) -

RMW Read/Write w
instructions | After reset 0 0 0 0 0 0 0 0
are prohib-

ited. Function Target ROM address (Middle*8 bits)

Bank0 Address Compare Register 2
7 6 5 4 3 2 1 0
ROMCMPO02 | Bit symbol ROMC23 ROMC22 ROMC21 RONME26 ROMC19 ROMC18 ROMC17 ROMC16
(0402H) -

RMW Read/Write w
instructions | After reset 0 0 0 0 0 0 0 0
are prohib-

ited. Function Target ROM address (Upper 8 bits)

Bank0 Data Substitution Register L
7 6 5 4 3 2 1 0
ROMSUBOL | Bit symbol ROMSO07 ROMS06 ROMS05 ROMS04 ROMSO03 ROMS02 ROMSO01 ROMSO00
(0404H) -

RMW ReadAWrite w
insgructions—{Ater.reset 0 0 0 0 0 0 0 0
are prohib-

ited. Function Patch code (Lower 8 bits)

Bank0 Data Substitution Register H
7 6 5 4 3 2 1 0
ROMSUBOH | Bit symbol ROMS15 ROMS14 ROMS13 ROMS12 ROMS11 ROMS10 ROMS09 ROMS08
(0405H) -

RMW Read/Write w
instructions | After reset 0 0 0 0 0 0 0 0
are prohib-

ited. Function Patch code (Upper 8 bits)

Note 1: The ROMCMPO00/01/02, and ROMSUBOL/OH registers do not support read-modify-write operation.
Note 2: Bit0 of the Address Compare Register 0 is read as undefined.
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Bankl Address Compare Register 0
7 6 5 4 3 2 1 0
ROMCMP10 | Bit symbol ROMCO07 ROMCO06 ROMCO05 ROMCO04 ROMCO03 ROMCO02 ROMCO01 —
(0408H) -

RMW Read/Write w -
instructions I afrer reset 0 0 0 0 0 0 0 -
are prohib-

ited. Function Target ROM address (Lower 7 bits) -

Bankl Address Compare Register 1
7 6 5 4 3 2 1 0
ROMCMP11 | Bit symbol ROMC15 ROMC14 ROMC13 ROMC12 ROMCI1 ROMC10 ROMCOD9 ROMCO08
(0409H) -

RMW Read/Write W
instructions | After reset 0 0 0 0 0 0 0 0
are prohib-

ited. Function Target ROM address (Middle 8 bits)

Bankl Address Compare Register 2
7 6 5 4 3 2 1 0
ROMCMP12 | Bit symbol ROMC23 ROMC22 ROMC21 ROMC20 ROME19 ROMC18 ROMC17 ROMC16
(040AH) -

RMW Read/Write W
instructions | After reset 0 0 0 0 0 0 0 0
are prohib-

ited. Function Target ROM address (Upper 8 bits)

Bank1 Data Substitution Register/L
7 6 5 4 3 2 1 0
ROMSUBLL | Bit symbol ROMS07 ROMS06 ROMS05 ROMS04 ROMSO03 ROMS02 ROMSO01 ROMSO00
(040CH) -

RMW Read/Write W
instructions | After reset 0 0 0 0 0 0 0 0
are prohib-

ited. Function Patch code (Lower 8 bits)

Bankl Data-Substitution Register H
7 6 5 4 3 2 1 0
ROMSUB1H"}. Bit symbol ROMS15 ROMS14 ROMS13 ROMS12 ROMS11 ROMS10 ROMS09 ROMS08
(040DH) -

RMW Read/Write w
instructions | After reset 0 0 0 0 0 0 0 0
are prohib-

ited. Function Patch code (Upper 8 bits)

Note 1: The ROMCMP10/11/12, and ROMSUBL1L/1H registers do not support read-modify-write operation.
Note 2: Bit0 of the Address Compare Register 0 is read as undefined.

Page 191

2007-10-15



TOSHIBA TMPOLIFWE0
Bank2 Address Compare Register 0
7 6 5 4 3 2 1 0
ROMCMP20 | Bit symbol ROMCO07 ROMCO06 ROMCO05 ROMCO04 ROMCO03 ROMCO02 ROMCO01 —
(0410H) -

RMW Read/Write W -
instructions I afrer reset 0 0 0 0 0 0 0 -
are prohib-

ited. Function Target ROM address (Lower 7 bits) -

Bank2 Address Compare Register 1
7 6 5 4 3 2 1 0
ROMCMP21 | Bit symbol ROMC15 ROMC14 ROMC13 ROMC12 ROMC1I1 ROMC10 ROMCOD9 ROMCO08
(0411H) -

RMW Read/Write w
instructions | After reset 0 0 0 0 0 0 0 0
are prohib-

ited. Function Target ROM address (Middle 8 bits)

Bank2 Address Compare Register 2
7 6 5 4 3 2 1 0
ROMCMP22 | Bit symbol ROMC23 ROMC22 ROMC21 ROMC20 ROME19 ROMC18 ROMC17 ROMC16
(0412H) -

RMW Read/Write w
instructions | After reset 0 0 0 0 0 0 0 0
are prohib-

ited. Function Target ROM address (Upper 8 bits)

Bank2 Data Substitution Register/L
7 6 5 4 3 2 1 0
ROMSUB2L | Bit symbol ROMS07 ROMS06 ROMS05 ROMS04 ROMSO03 ROMS02 ROMSO01 ROMS00
(0414H) -

RMW Read/Write w
instructions | After reset 0 0 0 0 0 0 0 0
are prohib-

ited. Function Patch code (Lower 8 bits)

Bank2 Data-Substitution Register H
7 6 5 4 3 2 1 0
ROMSUB2H"}. Bit symbol ROMS15 ROMS14 ROMS13 ROMS12 ROMS11 ROMS10 ROMS09 ROMS08
(0415H) l

RMW Read/Write w
instructions | After reset 0 0 0 0 0 0 0 0
are prohib-

ited. Function Patch code (Upper 8 bits)

Note 1: The ROMCMP20/21/22, and ROMSUB2L/2H registers do not support read-modify-write operation.
Note 2: Bit0 of the Address Compare Register 0 is read as undefined.
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Bank3 Address Compare Register 0
7 6 5 4 3 2 1 0
ROMCMP30 | Bit symbol ROMCO07 ROMCO06 ROMCO05 ROMCO04 ROMCO03 ROMCO02 ROMCO01 —
(0418H) -

RMW Read/Write w -
instructions I afrer reset 0 0 0 0 0 0 0 -
are prohib-

ited. Function Target ROM address (Lower 7 bits) -

Bank3 Address Compare Register 1
7 6 5 4 3 2 1 0
ROMCMP31 | Bit symbol ROMC15 ROMC14 ROMC13 ROMC12 ROMCI1 ROMC10 ROMCOD9 ROMCO08
(0419H) -

RMW Read/Write W
instructions | After reset 0 0 0 0 0 0 0 0
are prohib-

ited. Function Target ROM address (Middle 8 bits)

Bank3 Address Compare Register 2
7 6 5 4 3 2 1 0
ROMCMP32 | Bit symbol ROMC23 ROMC22 ROMC21 ROMC20 ROME19 ROMC18 ROMC17 ROMC16
(041AH) -

RMW Read/Write W
instructions | After reset 0 0 0 0 0 0 0 0
are prohib-

ited. Function Target ROM address (Upper 8 bits)

Bank3 Data Substitution Register/L
7 6 5 4 3 2 1 0
ROMSUBSL | Bit symbol ROMS07 ROMS06 ROMS05 ROMS04 ROMSO03 ROMS02 ROMSO01 ROMSO00
(041CH) -

RMW Read/Write W
instructions | After reset 0 0 0 0 0 0 0 0
are prohib-

ited. Function Patch code (Lower 8 bits)

Bank3 Data-Substitution Register H
7 6 5 4 3 2 1 0
ROMSUB3H"}. Bit symbol ROMS15 ROMS14 ROMS13 ROMS12 ROMS11 ROMS10 ROMS09 ROMS08
(041DH) )

RMW Read/Write w
instructions | After reset 0 0 0 0 0 0 0 0
are prohib-

ited. Function Patch code (Upper 8 bits)

Note 1: The ROMCMP30/31/32, and ROMSUB3L/3H registers do not support read-modify-write operation.
Note 2: Bit0 of the Address Compare Register 0 is read as undefined.
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Bank4 Address Compare Register 0
7 6 5 4 3 2 1 0
ROMCMP40 | Bit symbol ROMCO07 ROMCO06 ROMCO05 ROMCO04 ROMCO03 ROMCO02 ROMCO01 —
(0420H) -

RMW Read/Write W -
instructions I afrer reset 0 0 0 0 0 0 0 -
are prohib-

ited. Function Target ROM address (Lower 7 bits) -

Bank4 Address Compare Register 1
7 6 5 4 3 2 1 0
ROMCMP41 | Bit symbol ROMC15 ROMC14 ROMC13 ROMC12 ROMCI1 ROMC10 ROMCOD9 ROMCO08
(0421H) -

RMW Read/Write w
instructions | After reset 0 0 0 0 0 0 0 0
are prohib-

ited. Function Target ROM address (Middle 8 bits)

Bank4 Address Compare Register 2
7 6 5 4 3 2 1 0
ROMCMP42 | Bit symbol ROMC23 ROMC22 ROMC21 ROMC20 ROME19 ROMC18 ROMC17 ROMC16
(0422H) -

RMW Read/Write w
instructions | After reset 0 0 0 0 0 0 0 0
are prohib-

ited. Function Target ROM address (Upper 8 bits)

Bank4 Data Substitution Register/L
7 6 5 4 3 2 1 0
ROMSUBAL | Bit symbol ROMS07 ROMS06 ROMS05 ROMS04 ROMSO03 ROMS02 ROMSO01 ROMS00
(0424H) -

RMW Read/Write w
instructions | After reset 0 0 0 0 0 0 0 0
are prohib-

ited. Function Patch code (Lower 8 bits)

Bank4 Data-Substitution Register H
7 6 5 4 3 2 1 0
ROMSUB4H"}. Bit symbol ROMS15 ROMS14 ROMS13 ROMS12 ROMS11 ROMS10 ROMS09 ROMS08
(0425H) l

RMW Read/Write w
instructions | After reset 0 0 0 0 0 0 0 0
are prohib-

ited. Function Patch code (Upper 8 bits)

Note 1: The ROMCMP40/41/42, and ROMSUBA4L/4H registers do not support read-modify-write operation.
Note 2: Bit0 of the Address Compare Register 0 is read as undefined.
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Bank5 Address Compare Register 0
7 6 5 4 3 2 1 0
ROMCMP50 | Bit symbol ROMCO07 ROMCO06 ROMCO05 ROMCO04 ROMCO03 ROMCO02 ROMCO01 —
(0428H) -

RMW Read/Write w -
instructions I afrer reset 0 0 0 0 0 0 0 -
are prohib-

ited. Function Target ROM address (Lower 7 bits) -

Bank5 Address Compare Register 1
7 6 5 4 3 2 1 0
ROMCMP51 | Bit symbol ROMC15 ROMC14 ROMC13 ROMC12 ROMCI1 ROMC10 ROMCOD9 ROMCO08
(0429H) -

RMW Read/Write W
instructions | After reset 0 0 0 0 0 0 0 0
are prohib-

ited. Function Target ROM address (Middle 8 bits)

Bank5 Address Compare Register 2
7 6 5 4 3 2 1 0
ROMCMP52 | Bit symbol ROMC23 ROMC22 ROMC21 ROMC20 ROME19 ROMC18 ROMC17 ROMC16
(042AH) -

RMW Read/Write W
instructions | After reset 0 0 0 0 0 0 0 0
are prohib-

ited. Function Target ROM address (Upper 8 bits)

Bank5 Data Substitution Register/L
7 6 5 4 3 2 1 0
ROMSUBSL | Bit symbol ROMS07 ROMS06 ROMS05 ROMS04 ROMSO03 ROMS02 ROMSO01 ROMSO00
(042CH) -

RMW Read/Write W
instructions | After reset 0 0 0 0 0 0 0 0
are prohib-

ited. Function Patch code (Lower 8 bits)

Bank5 Data-Substitution Register H
7 6 5 4 3 2 1 0
ROMSUBSH"}. Bit symbol ROMS15 ROMS14 ROMS13 ROMS12 ROMS11 ROMS10 ROMS09 ROMS08
(042DH) )

RMW Read/Write w
instructions | After reset 0 0 0 0 0 0 0 0
are prohib-

ited. Function Patch code (Upper 8 bits)

Note 1: The ROMCMP50/51/52, and ROMSUBSL/5H registers do not support read-modify-write operation.
Note 2: Bit0 of the Address Compare Register 0 is read as undefined.
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11.3 Operation

11.3.1 Replacing data

Two consecutive bytes of data can be replaced for each bank. A two-byte sequence to be replaced must start
at an even address. If only a single byte at an even or odd address need be replaced, set the current masked
ROM data in the other byte.

Correction procedure:

Load the address compare registers (ROMCMP00 to ROMCMP02) with the target address where ROM data
need be replaced. Store 2-byte patch code in the ROMSUBOL and-ROMSUBOH registers.

When the CPU address matches the value stored in the ROMCMP00 to ROMCMPO2 registers, the program
patch logic disables RD output to the masked ROM and drives_out the code stored~in the ' ROMSUBOL and
ROMSUBOH to the internal bus. The CPU thus fetches the/patch code.

The following shows some examples:

a. Replacing 00H at address FF1230H with AAH

ROMCMPO00
ROMCMPO1
ROMCMPO02

ROMSUBOL
ROMSUBOH

7
0
0
1

[N

L O O O

s

, O Rk O
N S
r O O w

0O00000H

001000H

FEOOOOH

FH1230H
FF1231H

FFEEFFH

2
0
0
1

(<

H /D /=
O ©/0

=
o

0 1 Stare 11 in address substitution register high for bankO.

On—chip
pex.ipheral

Bn=chip-RAM

External area

Stores 30 in.address compare register 0 for bank0.
Stores 12 in address compare register 1 for bankO.

Stores FF in address compare register 2 for bankO.

Store’AA in‘address substitution register low for bankO.

On—chip ROM

O0OH

l«<—— Replace with AAH

11H

l«——— Replace with 11H

(Same as current
value).

Vector table

Figure 11-2 Example Patch Code Implementation
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b. Replacing 33H at address FF1233H with BBH

ROMCMPO00
ROMCMPO1
ROMCMPO02

ROMSUBOL
ROMSUBOH

7 6 5 4 3
0O 0 1 1 O
0O 0 0 1 o©
1 1 1 1 1
0O 0 1 0 O

000000H

001000H

FEOOOOH

b {: FF1232H
FF1233H

FFFFFFH

o
[y
o

0o 1 1 Store BB in address substitution register,. high for bank0.

On—chip
per ipheral

On—chip RAM

External area

2 0

o 1 o0 Stores 32 in address compare register 0 for bankO.
0 0 Stores 12 in address compare register 1 for bankO.
1 1

Stores FF in address compare register 2-for-bank0.

Store 22 in address substitution register tew for bankO.

On—chip ROM

Replace with 22H

OOH

(Same as current
|l «<——
value).

11H

| «<—— Replace with BBH

Vector (tabte

Figure 11-3 ExamplePatch Code Implementation

c. Replacing 44H at address FF1234H with CCH and 55H at address FF1235H with DDH

ROMCMPO00
ROMCMPO1
ROMCMPO02

ROMSUBOL
ROMSUBOH

7 6//5/A/3
00141/ )0
0/6-.0 1 O
11 1 1 1

=
[y
o
o
[y

000000H

001000H

FEOOOOH

o d FF1234aH
FF1235H

FFFFFFH

2 1 0
1 0 O
o/1_0
1 11
1.0 O

1 0~ 1 Store DD in address substitution register high for bankO.

Stores 34 in‘address compare register 0 for bankO.
Stores 12 in address compare register 1 for bankO.

Stores FF in address compare register 2 for bankO.

Store CC in address substitution register low for bank0.

On—chip
per ipheral

On—chip RAM

External area

On—chip ROM

OOH

l«——— Replace with CCH

11H

l««<————— Replace with DDH

Vector table

Figure 11-4 Example Patch Code Implementation
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d. Replacing 77H at address FF1237H with EEH and 88H at address FF1238H with FFH (Requiring two banks)

ROMCMPO00
ROMCMPO1
ROMCMPO02

ROMSUBOL
ROMSUBOH

ROMCMP10
ROMCMP11
ROMCMP12

ROMSUBI1L
ROMSUB1H

7 6 5 4 3
0O 0 1 1 O
0O 0 0 1 o©
1 1 1 1 1
0 1 1 0 O

000000H

001000H

FEOOOOH

FF1236H
d FF1237H
FF1238H
FF1239H

FEEFFEFH

Stores 36 in address compare register 0 for bankO.
Stores 12 in address compare register 1 for bankO.

Stores FF in address compare register 2-for-bank0.

Store 66 in address substitution register tew for bankO.

Store EE in address substitution register,. high for bank0.

Stores 38 in address compare register 0.for bank1.
Stores 12 in address conipare register 1 for bank1.

Stores FF in address compare register 2 for bank1.

Store FF in address substitution register low for/bankl.

Store 99 inaddress substitution register high/fer bankt.

2 1 0
1 1 0
0o 1 0
1 1 1
1 1 0
1 1 0
0O 0 O
o 1 o0
1 1 1
1 1 1
o 0 1
On——chip

per ipheral

On—chip RAM

External area
On—chip ROM Replace with 66H
(Same as current
66H <— value).
77H l«<—— Replaceé with EEH
88H <<—— Replace with FFH
o9H l&<~——— Replace with 99H

(Same as current
value).

Vector table

Figure 11-5 Example Patch Code Implementation
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11.3.2 Using an interrupt to cause a branch

A wider range of program code can also be fixed using a software interrupt (SWI). With a patch code loaded
into on-chip RAM, the program patch logic can be used to replace program.code at a specified address with a
single-byte SWI instruction, which causes a branch to the patch program.

Note that this method can only be used if the original masked ROM has been develaoped with on-chip RAM
addresses specified as SWI vector addresses.

Correction procedure:

Load the address compare registers (ROMCMPO0 to ROMCMRO02) with’the start address of the program
code that is to be fixed. If it is an even address, store an SWI instruction-Code (e.g., SWLF9H) in the ROM-
SUBL. If the start address is an odd address, store an SWI instruction eode in the ROMSUBH-and the current
ROM data at the preceding even address in the ROMSUBL.

When the CPU address matches the value stored in the ROMCMP00 to ROMCMPQ2 registers, the program
patch logic disables RD output to the masked ROM and drives out the SWHKinstruction ¢odet0 the internal bus.
Upon fetching the SWI code, the CPU makes a branch-tothe internal RAM area-fo-execute the preloaded code.

At the end of the patch program executed from the internial RAM, the CPU directly rewrites the saved PC
value so that it points to the address following the patch code, and then executes 8 RETI.

The following shows an example:

Example: Fixing a program within the range from FF5000Ht0 RF507FH

Before developing the eriginat-masked ROM, set the SWI1 Vvector reference address to 001500H (on-
chip RAM area).

Use the startup routine.to-load the patch code to on-chip RAM (001500H to 0015EFH). Store the start
address (FF5000H) of/thelROM area to be fixed-in‘the ROMCMP00 to ROMCMPO02. Store the SWI1
instruction’code (F9H)-in-the ROMSUBOL and-the current data at FF5001H (AAH) in the ROMSUBOH.
When the/CPU)address matches the value/stored in ROMCMP00 to ROMCMPO02, the program patch
logic replacesthe ROM-based codeat FF5000H with FOH. The CPU then executes the SWI1 instruction,
which causes-a branch to 001500H-in the.on-chip RAM area. After executing the patch program the CPU
finally rewrites the’saved PC value-to FF5080H and executes a RETI.
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000000H On—chip
peripheral eesesesesesessesesessasesessnasant
____ : 001500H
001000H On-chip RAM Progra_lm body
ootsoo HII Patch ............. :
0015EFH program Rewr ite stack
. s S A L 015EFH
003000H
<o
N
External area 3 |2
= —
o |S
g =
2 | =
_____ g g
FEOOOOH On—chip ROM = |2
2 |5
FF5000H 55H Replace-the start address/ with-FOH
FE5001H (8SWI1 instruction code)/
; AAH Replace with AAH
Defective _
area (Same’ as current value):
FF507FH
FF5080H
FFFFFFE((:S: Vector table
~ 001500 ( Sw1 vector
FFFFO7H

Figure 11-6 Example ROM Correction
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12. Watchdog Timer (Runaway detection timer)

The TMP91FW®60 features a watchdog timer for detecting runaway.

The watchdog timer (WDT) is used to return the CPU to normal state when it detects that the CPU has started to
malfunction (Runaway) due to causes such as noise.

When the watchdog timer detects a malfunction, it generates a non-maskable intefrupt iNTWD to notify the CPU.
Connecting the watchdog timer output to the reset pin internally forces a reset.(The level of external RESET pin is

not changed)

12.1 Configuration

Figure 12-1 is a block diagram of he watchdog timer (WDT).

WDMOD
<REiCR> RESET
Resetd { Internal reset

control

WDMOD
<WDTP1:O>_)| Selector

A AAHA
28| 217| 0f 221

\

fsvs Binafy-counter

(fepn/2) (2p stages)

> )
Q

RO S
Reset
Internal reset >
AWrited WriteLA
AEH BIH WDMPD<WDTE>

WD control register WDCR

¢ Internal data bus

» INTWD interrupt reguest

Figure-12-1 Block Diagram of Watchdog Timer

Note: It needs to care designing the total machine set, because watchdog timer can’t operate completely by external

noise.
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12.2 Operation

The watchdog timer generates an INTWD interrupt when the detection time set in the WDMOD<WDTP1:0> has
elapsed. The watchdog timer must be cleared “0” by software before an INTWDy interrupt will be generated. If the
CPU malfunctions (e.g., if runaway occurs) due to causes such as noise, but does not-execute the instruction used to
clear the binary counter, the binary counter will overflow and an INTWD interrupt Wwill be generated. The CPU will
detect malfunction (Runaway) due to the INTWD interrupt and in this case it is possible to return to the CPU to nor-
mal operation by means of an anti-malfunction program.

The watchdog timer works immediately after reset.

The watchdog timer does not operate in IDLE1 or STOP mode. When the-device is in IDLE2 mode, the operation
of WDT depends on the WDMOD<I2WDT> setting. Ensure that WDMQD<I2WDT> is set before the device enters
IDLE2 mode.

The watchdog timer consists of a 22-stage binary counter which_uses the-system clock (fgys) as-the input clock.

The binary counter can output fgyg/2%5, fgys/27, foys/2° and feygf2?h:

(«
WDT counter n X Overflow J (\\X () () X 0
))
WDT interrupt | | « <

7))
Write (cleay’'code
WDT clear
(Software) 1

))

Figure-12-2” Normal Mode

The runaway is detected when an overflow occurs, and the watchdog timer can reset this device. In this case, the
reset time will be between 22 and 29.states (51.2 ps at foggy-=20WHz) as shown in Figure 12-3. After a reset, the
fsys clock (1 cycle = 1 state) isTgp(y/2, where fepy is generated by dividing the high-speed oscillator clock (fosch)

by sixteen through the clock geardfunction.

Overflow

WDT counter n x 2 \ (

WDT interrupt

Internal reset |

22 to 29 states O
(26.1to 34.4 u s at fogcy = 27 MHz, fepy = 1.7 MH2z)

Figure 12-3 Reset Mode
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12.3 Control Registers

The watchdog timer WDT is controlled by two control registers WDMOD and WDCR.

12.3.1 Watchdog timer mode register (WDMOD)

a. Setting the detection time for the watchdog timer in <WDTP1:0>

This 2-bit register is used for setting the watchdog timer interrupt.time uséd when detecting run-
away. After reset, this register is initialized to WDMOD<WDTPL:0> = “00”(2%%/ fy [S]).

b. Watchdog timer enable/disable control register <WDTE>
After reset, WDMOD<WDTE> is initialized to “1”, enabling.the watchdog timer.

To disable the watchdog timer, it is necessary to set-this-bitto’“0” and to write the disable code
(B1H) to the watchdog timer control register WDCR/{ This makes it difficult for-the.watchdog timer
to be disabled by runaway.

However, it is possible to return the watchdog timer from the disabled State to the enabled state
merely by setting <WDTE> to “1”.

¢. Watchdog timer out reset connection <RESCR>

This register is used to connect the gutput-of the watchdog timer with the internal RESET. Since
WDMOD<RESCR> is initialized to“0”_on reset, a reset by the watchdog timer will not be per-
formed.

12.3.2 Watchdog timer control register (WDCR)

This register is used to disable and.clear\the binary counter for the xvatchdog timer.
« Disable control

The watchdog timer can)be disabled by clearing WDMOD<WDTE> to “0” and then writing the
disable code (B1H)-tothe WDCR register.

WDMOD 0N =~ =X X - -/ -0 Clear WDMOD<WDTE> to “0".
WDCR «— ¥ 0 1 1 0 0 0 1 Write the disable code (B1H).

* Enable control

Set WDMOD<WDTE> to “1™
» Watchdogtimer clear control

To clear the binary counter and cause counting to resume, write the clear code (4EH) to the WDCR
register.

WDCR « (o0 1 0 0 1 1 1 0 Write the clear code (4EH).
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Watchdog Timer Mode Register

7 6 5 4 3 2 1 0
Bit symbol WDTE WDTP1 WDTPO - - 12WDT RESCR -
WDMOD
Read/Write R/W R/W - - R/W R/W
(0300H)
After reset 1 0 0 - - 0 0 0
Select detecting time
00: 2%/gys
Function WDT control o1 217/fsvs IDLE2 Reset Always write
1: Enable cantrol control ‘0.
10: 28%gys
11: 2%Yfgyg
Watchdog timer out control
0 —
RESCR
1 Connect WDT out to a internal reset
IDLE2 control
0 Stop
12WDT
1 Operation
Watchdog timer detection time @fc = 20 MHz, fs=-32.768 kHz
SYSCR1 SYSCR1 Watchdog Timer Détection Time
System Clock Gear Value WDMOD<WDTPL:0>
Selection <SYSCK> <GEARZ2:0> 00 o1 10 1
1(fs) XXX 20s 8.0s 320s 128.0s
000 (fe) 3.28 ms 13:11 ms 52.43 ms 209.72 ms
001 (fc/2) 6.55 ms 26.2%.ms 104.86 ms 419.43 ms
0(fc) 010(fc/4) 13.11'ms 52.43 ms 209.72 ms 838.86 ms
011 (fc/8) 26,21 ms 104.86 ms 419.43 ms 1677.72 ms
100 (fc/16) 52.43\ms 209.72 ms 838.86 ms 3355.44 ms
Watchdog timer enable/disablecontrol
0 Disabled
WDTE
1 Enabled
Watchdog Timer Control Register
7 | g 5 4 3 2 1 0
WDCR Bit symbol -
(0301H) Read/Write w
RMW
instruetions
are prohib- After reset -
ited.
. B1H: WDT disable code
Function
4EH: WDT clear code
Disable/clear WDT
B1H Disable code
4EH Clear code
Others Don't care
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13. Special timer for CLOCK

The TMP91FW®60 includes a timer that is used for a clock operation.

An interrupt (INTRTC) can be generated each 0.0625 [s] or 0.125 [s] or 0.25 [s] or 0.50 [s] by using a low fre-
quency clock of 32.768 kHz. A clock function can be easily used.

In addition, INTRTC can return from each standby mode except STOP mode.
A special timer for CLOCK can operate in all modes in which a low-frequency oscillatiol/is operated.

The special timer for CLOCK is controlled by the special timer for CLOCK cantrol tegister (RTCCR) as shown in.

13.1 Configuration

RTCCR<RTCSELL:0> %—» Intefrupt request

AN AA INTRTC

RTCCR<RTCRUN>

Run/
VClear

211 212 213 214

fs >I 14-stage binary counter |
(32.768 kHz)

Figure 13-1 Block Diagram for Special Timer for CLOCK

Special Timer for CLOCK Control Register

7 6 5 & 3 2 1 0
RTCCR Bit symbol - ~ - = - RTCSEL1 | RTCSELO RTCRUN
(0310H) Read/Write RIW, = — — — R/W R/W
After reset 0 - < - - 0 0 0
00: 2%4fs
i Always write 01: 213s 0: Stop &
Function ogr - - - - 12 clear
. 10:2ts 1: Count
11: 2%fs
Counting operation
0 Stop & clear
<RTCRUN>
1 Count

Interrupt generation cycle (fs = 32.768 kHz)

<RTCSEL1:0>

00

0.50s

11

0.25s

10

0.125s

11

0.0625 s
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14. Flash Memory

The TMP91FW60 incorporates flash memory that can be electrically erased and programmed using a single 5V

power supply.

The flash memory is programmed and erased using JEDEC-standard commands. After a program or erase com-
mand is input, the corresponding operation is automatically performed internally. Erase-operations can be performed

by the entire chip (chip erase) or on a sector basis (sector erase).

The configuration and operations of the flash memory are described below.

14.1 Features

Power supply voltage for program/erase operations

-Vec=4.75t05.25V

(Topr = -10 t0 40 °C, fc = 4 to 20MHz)

Configuration

- 64K x 16 bits (128 k bytes)
Functions

- Single-word programming

- Chip erase

- Sector erase

- Data polling / Toggle bit

14.2 Block Diagram

Sector size

» 8Kbytes x 16
Mode control

- JEDEC-standard.commands
Programming,method

- On-board programming

- ParaHel_progfammer
Security

--\Write protection

- Read protection

<: Internal addpess. bus :>
PSS
<: Internal data—bus :>
P2
<: Internal conttol bus :>

L]

setting pin control

ROM control ler

Data
Flash memory

PN

p=d
ZN
Control Address
i[s

L
|

aptrol [ Address Iatch | [ pata Iatch
circuit
(including
automatic

sequence Column decoder/Sense amp
control

circuit) =

:i Flash memory cells

Command 3

register g 128 KB

it

Erase sector decoder |

:D'

Figure 14-1 Block Diagram of Flash Memory Unit
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14.3 Operation Modes

14.3.1 Overview

The following three types of operation modes are available to control program/erase operations on the flash
memory.

Table 14-1 Description of Operation Modes

Operation Mode Name Description

After reset release, the device starts up from the internal-flash memory.

Single Chip mode is further divided into two modes: “Ngrmat-mode” is a mode in which user
application programs are executed, and “User Boot mode! is used to’program the flash memory
Single Chip mode on-board.

The means of switching between these two modgs-can be set by the user as desired. For exam-
ple, it can be set so that Port 00 = '1' selects Normal mode.and Port 00 = '0' selects User.Boat
mode. The user must include a routine to handle mode switching in a user application program.

Normal mode | In this mode, the device starts up from a user/application program.

User Boot mode | In this mode, the flash memory can be programmed’by a user-specified method:

After reset release, the device starts(up from'the internal boot ROM-(mask-ROM).\The’boot
ROM includes an algorithm which-allows a program for programming/erasing the flash memory
Single Boot mode on-board via a serial port to be transferred'to the device's internal RAM. The transferred pro-
gram is then executed in the internabtRAM so that the flash memory can-be programmed/erased
by receiving data from an external host'and issuing program/erase commands.

This mode enables the-internal flash memory to-be-programmed/erased using a general-pur-
Programmer mode pose programmer.{For.programmers that can be used;.please contact your local Toshiba sales
representative.

Of the modes listed in Table 14-1, the internal flash memory canbe/programmed in User Boot mode, Single
Boot mode and Programmer mede:

The mode in which the fltashy memory can be programmed/erased while mounted on the user board is defined
as the on-board programmipg mode. Of the modes listed_above, Single Boot mode and User Boot mode are
classified as on;board\programming modes. Single’Bgot mode supports Toshiba's proprietary programming/
erase method using serial 1/0. User Bdet mode. (within/Single Chip mode) allows the flash memory to be pro-
grammed/erased-bya user-specified method.

Programmer mode is provided with a“read protect function which prohibits reading of ROM data. By
enabling-the_read protect function, upon completion of programming, the user can protect ROM data from
beingread by third parties.
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The operation mode Single Chip mode, Single Boot mode or Programmer mode is determined during reset
by externally setting the input levels on the AM0, AM1 and BOOT (EMUOQ) pins.

Except in Programmer mode which is entered with RESET held at “0”, the CPU will start operating in the
selected mode after the reset state is released. Once the operation mode has been set, make sure that the input
levels on the mode setting pins are not changed during operation.Table 14-2 shows how to set each operation
mode, and Figure 14-2 shows a mode transition diagram.

Table 14-2 Operation Mode Pin Settings

tnputpins
Operation Mode
RESET BOOT(EMUOQ) AM1 AMO
(1) [ Single Chip mode (Normal or User Boot mode) open 1 1
rising edge
(2) | Single Boot mode 0 1 1
(3) | Programmer mode 0 - 1 0

Note: Although EMUO is an output pin, it becomes an input pinwith-putizup resistor only‘during a reset./After a reset,
EMUO operates as follows depending on the operation mede.

>Single chip mode : Output pin with pull-up resistor

>Single boot mode : Pull-up (Input gate is invalid;-and output gate is in high-impedance.)

Reset state

| Single chip-made <"/~ o><3"7/ 7)) TTTTm-all
On—board programming
Switching method \ __—""=--__ mode

to be set by-user

Nete: Numbers in () correspond'to the operation mode pin settings shown in Table 14-2.

Figure 14-2 Mode Transition Diagram

14.3.2 Reset Operation

To reset the device, hold the RESET input at “0” for at least 10 system clocks while the power supply voltage

is within the rated operating voltage range and the internal high-frequency oscillator is oscillating stably.

For details, refer to “Reset of CPU”.
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14.3.3 Memory Map for Each Operation Mode

In this product, the memory map varies with operation mode. The memory map and sector address ranges for
each operation mode are shown below.

Single Chip mode Single Boot mode Programming mode
000000H 000000H 000000H—+
Internal 1/0 Internal /0 H.f ;7
001000H 001000H \¢)
Internal Internal \ ::;i>lnternal
R RAM Flash ROM
8KB 8KB
003000H 003000H 128KB
/ 020000H NS

External memory

010000H ; i
External memory o fﬁ
ROM
2 i
i/ ;f Reserved
A30000H "1

External memgry

FEOOOOH
Internal
FFFOOOH Intefnal /Baot ROM
4KB
FFFFOOH FFFFOOH
FEFFFFH FFFEFFH (Mnterrupt vector 256B) FFFFFFH

Figure 14-3 Memory-Map for Each Operation Mode
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Table 14-3 Sector Address Ranges for Each Operation Mode

Single Chip Mode

Single Boot Mode

Sector-0

FEOOOOH to FE1FFFH

10000H to 11FFFH

Sector-1

FE2000H to FE3FFFH

12000H to 13FFFH

Sector-2

FE4000H to FE5FFFH

14000H to 15FFFH

Sector-3

FE6000H to FE7FFFH

16000H to 17FFFH

Sector-4

FE8000H to FESFFFH

18000H to 19FFEH

Sector-5

FEAOOOH to FEBFFFH

1A000H to 1BEFFH

Sector-6

FECOOOH to FEDFFFH

1CO00H to-1DFRFH

Sector-7

FEEOOOH to FEFFFFH

1EOO0OH to.1FFFFH

Sector-8

FFO000H to FF1FFFH

20000H to 21FFFH

Sector-9

FF2000H to FF3FFFH

220Q0H to 23FFFH

Sector-10

FF4000H to FF5FFFH

24000Hto 25FFFH

Sector-11

FF6000H to FF7FFFH

26000H to 27FFFH

Sector-12

FF8000H to FFOFFFH

28000H to 29FFFH

Sector-13

FFAOOOH to FFBFFFH

2A000H to 2BFFRH

Sector-14

FFCOOOH to FFDFEFH

2COO00H to 2DFFFH

Sector-15

FFEOOOH to FFERFFH

2EO0O00H to 2FFFFH
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14.4 Single Boot Mode

In Single Boot mode, the internal boot ROM (mask ROM) is activated to transfer a program/erase routine (user-
created boot program) from an external source into the internal RAM. This program/erase routine is then used to pro-
gram/erase the flash memory. In this mode, the internal boot ROM is mapped into an area containing the interrupt
vector table, in which the boot ROM program is executed. The flash memory is mappged into-an address space differ-
ent from the one into which the boot ROM is mapped (See Figure 14-3).

The device's SIO (S101) and the controller are connected to transfer the program/erase routine from the controller
to the device's internal RAM. This program/erase routine is then executed.to program/erase the flash memory. The
program/erase routine is executed by sending commands and write data from.the-controller. The communications
protocol between the device and the controller is described later in this manual. Before the program/erase routine can
be transferred to the RAM, user password verification is performed to ensure-the security of user ROM data. If the
password is not verified correctly, the RAM transfer operation cannet be performed. In Single Boot mode, disable
interrupts and use the interrupt request flags to check for an interrupt request.

Note: Do not change to another operation mode in the program/erage/routine.
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14.4.1 Using the program/erase algorithm in the internal boot ROM

(Step-1)Environment setup

Since the program/erase routine and write data are transferred via SIO(SI101), connect the device's SIO
(S101) and the controller on the board. The user must prepare the programi/erase routine (a) on the con-

troller.
New user
N AN application
program
1/0
(/0 [(@) Program/erase routine|
(TMP91FW60)
""""""" a Controlller
L Boct ROV} SToT ( )
Flash memory
0ld user application
program
(or erased state)
RAM

(Step-2) Starting up the internal boot ROM

Release the reset with the relevant input pins set for entering Single Boot mode. When the internal boot
ROM starts up, the program/erase rputine (a) is transferred from the controller to the internal RAM via SIO
according to the communications procedure for Single-Boot'mode. Before this can be carried out, the password
entered by the user is verified.against'the password written-in the user application program. (If the flash mem-
ory has been erased, 12 bytes/of <OxFF” are used as-the-password.)

New user
application
program

(1/0) |(a)Program/erase routine|

(TMP91FW60,)

Boot ROM S101

Flash memory

0 — 1RESET ( Controller)

Condition for

entering Single
Boot mode

11

OTd usér application
program
(or erased state)

RAM
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(Step-3) Copying the program/erase routine to the RAM

After password verification is completed, the boot ROM copies the program/erase routine (a) from the con-

troller to the RAM using serial communications. The program/erase routine must be stored within the RAM
address range of 001000H to 002DFFH.

New user
app) ication
program
(170 ka)Program/erase routind
(TMP91FW60)
( Controller )
Boot ROM

Flash memory

0ld user application
program
(or erased state)

(a)Program/erase routine

RAM

(Step-4) Executing the program/erase routine inthe RAM

Control jumps to the program/erase routine (a)in the RAM:1f-necessary;-the old user application program is
erased (sector erase or chip erase).

Note 1: The boot ROM is provided with\an erase command, which enables the entire chip to be erased from the
controller without using the program/érase routine.

Note 2: If it is necessary to erase/data on a sector basis, incorporate the necessary code in the program/erase rou-
tine.

New user
application
program
(1/0) ka)Program/erase routind
(TMP91FW60) ( )
Control ler
Boot ROM S101

F lash memory

(a)Program/erase routine
Erased
RAM
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(Step-5) Copying the new user application program

The program/erase routine (a) loads the new user application program from the controller into the erased area
of the flash memory.

In the example below, the new user application program is transferred under the same communications con-
ditions as those used for transferring the program/erase routine. However, after the program/erase routine has
been transferred, this routine can be used to change the transfer settings (data bus and transfer source). Config-
ure the board hardware and program/erase routine as desired.

New user
application
program

(1/0)

(@) Program/erase routine|

(TMP91FW60)

Boot ROM S101

Flash memory

( Contral lery

. . (a)Program/erase routine
New user application

program

RAM

(Step-6) Executing the new user gpplication-program

After the programming operationhas-been completed, turn off the/power to the board and remove the cable
connecting the device and the/controller. Then, turn on the power again and start up the device in Single Chip
mode to execute the new user\application program.

(TMP91FW60)

[ Boot ROM /. | STo1

F | ash-memory |

0 — 1 RESET ( Controller)

Condition for
New user application entering Single
program Chip mode

RAN (Normal mode)

Page 214 2007-10-15



TOSHIBA

TMP91FW60

14.4.2 Connection Examples for Single Boot Mode

Power
supply

In Single Boot mode the flash memory is programmed by serial transfer. Therefore, on-board programming
is performed by connecting the device's SIO (SIO1) and the controller (programming tool) and sending com-
mands from the controller to the device. Figure 14-4 shows an example of connection between the target board
and a programming controller. Figure 14-5 shows an example of connection between the target board and an

RS232C board.

On-Board Programming Controller

Reg.

VCC

Mcu

Mode control

Program
controller

ROM RAM

VCC
VCC

RESET

Target Board

l TMP9TFW60

RS232C

5.

Mode control
— Boot
Target board e mode
operation 5 BOOT swjtchjng
circuit
P95 L
[ po
[ RXD
TXD
) )
VSS

Figure 14-4 Example of Connection with an External Controller in Single Boot Mode

DVCC

AMO
AW

BOOT (EMUO)

P95
P92
RXD1 (P94)

TXD1 (P93)

DVSS
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RS232C Board Target Board
VCC
Power VCC VGG TMP91FW60
supply l
DVCC
AMO
AM1
o/ RESET RESET
77 Boot
—_ mode
oo , OO switching BOOT —(ENUO)
clrcuit
/77
> RAD > RXD1 (P94)
RS232C XD
TXD1 (P93)
VSS
VSS T > DVSS

Figure 145 Example of Connection with an RS232C Board in Single Boot Mode
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14.4.3 Mode Setting

To perform on-board programming, the device must be started up in Single Boot mode by setting the input
pins as shown below.

AMO0,AM1=1
BOOT=0
RESET=0—>1

Set the AMO, AM1, and BOOT pins as shown above with the-RESET ‘pin’held at “0”. Then, setting the
RESET pin to “1” will start up the device in Single Boot mode.

14.4.4 Memory Maps

Figure 14-6 shows a comparison of the memory map for-Normahmode (in Single' Chip mode) and the mem-
ory map for Single Boot mode. In Single Boot mode, the’flash )memory s mapped to addresses 10000H to
2FFFFH (physical addresses) and the boot ROM (mask-ROM) is'mapped to addresses’FFFQQ0H to FFFFFFH.

Single Chip mode Single Boot made
000000H ©00000H
Internal 1/0 Internal HO.
001000H Internal RAM QOTO00H Internal RAM
8KB 8KB
003000H 0030004
External
Memory
010000H 4
External
Memory # |internal Flash ROM
128KB
30000H ;
External
M
FEOQOOH U emory
al Flash ROM
128KB FFFO00H el Boot ROM 4KB
FFFFOOH / FFFFOOH
FEEFEEH M FFFFFFH |_(Interrupt vector 256B)

Figure 14-6 Comparison of Memory Maps

Page 217 2007-10-15



TOSHIBA

TMP91FW60

14.4.5 Interface Specifications

The SIO communications format in Single Boot mode is shown below. The device supports the UART (asyn-
chronous communications) serial operation mode.

To perform on-board programming, the same communications format must afso be set on the programming

controller's side.

UART (asynchronous) communications

- Communications channel

- Serial transfer mode

- Data length
- Parity bit
- STOP bit

- Baud rate

: SIO channel 1(For the pins be-used, see-Table 14-4)
: UART (asynchronous communicationsy mode

: 8 bits

- None

;1 bit

: See Table 14-5, Table 14-6

Table 14-4 Pin Connéctions

Pins UART

Power sup- bvCC O

ply pins DVSS 0

Mode' set- AM1,AMO o
ting pins BOOT

Reset pin RESET (0]

Communi- TXD1 O

cations pins RXD1 0

Note: Unused pins are.in‘the initial state’ after reset release.

Table 14-5 Baud/Rate Table

SIO

Transfer Rate (bps)

UART

115200 57600 38400 19200 9600
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Table 14-6 Correspondence between Operating Frequency and Baud Rate in Single Boot

Mode
‘_/\
R ' ' ' ' o . ' .
o<
8
N 2
5 &2 2
X v
- S 2 ' ' . . a \ , 3
:e —
© =
m
‘_/'\
gc\? i i ' ' o ' o '
o<
3
e | £
~
0 X o S 8
- & ' ' ' ' © ' © '
58 = Py
E ) )
m
‘5’“ o™ ™
=X ' : ' o =} ' ' :
D2
w + +
o
< )
3 5
™ o =) )
™ X o © =) (=] ©
- 2 ! =) ! < I ' b S
Sy I} o} o) o)
3 ™ 57! %) o
[a1]
5 o z 2 g
X ' o o [« o o [ o
w ~ + b +
o
S
§ | %
— =) =) o H o -
— xw ™ S S S %) S ™
S 2 ! 0 N N} N N Q te)
S o o [} o ) ) ) o
3 - ~ B - - - -
m
5= ] 9 | ® 2 2
L H . .
5 =1 < < © © =} °© =
s ¥ ¥ +
o
=} Q
L T
S r o n ©. o o o 0 o ©
o =1 © S S S =1 S ©
T a © = © © © © ) ~
2= o 2 = o o o o o
m
—~ of © ™ < ) o 0
3 o A =} N L S N @ S
a o] ; — N ) © ) o
2 gg,’;r 3 S — — = — — Y
% %%§ 2 k=) 2 2 2 2 2 2
™~ o 4 ™ < © ~
e VEEY [ = 3 & g 2 ~ = %
=4 N~ o o N < 0 [ee] o
= =1 — -~ =1 =1 —
m
® o A
o o _ N © © o
& | 3% B Q < &
5 (s @ [ =S| 5| 2% | 3| ¢
:|2Ec A e :

Reference frequency:
The frequency of the high-speed oscillation circuit that can be used in Single Boot mode.

To-—program the flash memory using Single Boot mode, one of the reference frequencies must be
selected as a high-speed-elock;,

Supported Range:

The range of clock frequencies that are detected as each reference frequency. It may not be possible to
perform Single Boot operations at clock frequencies outside of the supported range.

Note: To automatically detect the reference frequency (microcontroller clock frequency), the transfer baud rate error
of the flash memory programming controller and the oscillation frequency error must be within —1.5%, +2% in
total.
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14.4.6 Data Transfer Formats

Table 14-7 to Table 14-12 show the operation command data and the data transfer format for each operation

mode.

Table 14-7 Operation Command Data

Operation Command Data

Operation Mode

10H RAM Transfer

20H Flash Memory SUM

30H Product Information Read
40H Flash Memory Chip_Erase
60H Flash Memory Protect-Set
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Table 14-8 Transfer Format of Single Boot Program [RAM Transfer]

Transfer Byte Transfer Data Baud Rate Transfer Data
Number from Controller to Device from Device to Controller
Baud rate setting Desired
BOOT ROM 1st byte -
Y UART 86H baud rate*!

ACK respanse to baud-rate setting
Normal (baud rate OK)

2nd byte - >UART 86H
(If thé désired'baud rate cannot be set,
operatiof is terminated.)

3rd byte Operation command data (10H) -
ACK response to operation command®?

Normal 10H

4th byte - Error x1H
Protection applied®3 x6H
Communications error x8H

5th byte PASSWORD data (12 bytes)

to =
16th byte (02FEF4H to 02FEFFH)
17th byte CHECKSUM value for 5th to 16th bytes -
ACK-responseto,CHECKSUM value#2

18th byte R Normal 10H
Error 11H
Communications error 18H

19th byte RAM storage start address 310 24 #4 -

20th byte RAM storage start\address 23 to 16% -

21th byte RAM storage start address 15 to 8%4 -

22th byte RAM storage'start address 7 to 074 -

23th byte RAM storage byte count 15 to 8% -

24th byt RAM storagé byte count 7 to 0%4 -

25th byte CHECKSUM value for 19th'to 24th bytes #4

ACK response to CHECKSUM value™?

26th byte } Normal 10H
Error 11H
Communications error 18H
27th byte
to RAM . storage data -
(m)th/byte

(m+1)th byte | /CHECKSUM value for 27th to m'th bytes -

ACK response to CHECKSUM value®*?

(m+2)th byte : Normal 10H
Error 11H
Communications error 18H
RAM (m+3)th byte - JUMP to RAM storage start address

#1  For the desired baud rate setting, see Table 14-6.

#2  After sending an error response, the device waits for operation command data (3rd byte).

#3  When read protection or write protection is applied, the device aborts the received operation command and waits for the next
operation command data (3rd byte).

#4  The data to be transferred in the 19th to 25th bytes should be programmed within the RAM address range of 001000H to
002DFFH (7.5 Kbytes).
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Table 14-9 Transfer Format of Single Boot Program [Flash Memory SUM]

Transfer Byte Transfer Data Baud Rate Transfer Data
Number from Controller to Device from Device to Controller
Baud rate setting Desired
BOOT ROM 1st byte -
Y UART 86H baud rate*!
ACK response tobaud rate setting
Normal (baud.rate/OK)
2nd byte - >UART 86H
(If the/desited baud rate cannot be set,
operation is'terminated.)
3rd byte Operation command data (20H) -
ACK response to CHECKSUM value*?
4th byte : Normal 20H
Error x1H
Communications_error X8H
5th byte - SUM (upper)
6th byte - SUM (fower)
7th byte - CHECKSUMvatue for 5thand 6th bytes
8th byte (Wait for the next operation command data) -
#1  For the desired baud rate setting, see Table 14-6.

#2

After sending an error response, the device waits for operation~command data (3rd byte).
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Table 14-10 Transfer Format of Single Boot Program [Product Information Read](1/2)

Transfer Byte Transfer Data Baud Rate Transfer Data
Number from Controller to Device from Device to Controller
Baud rate setting Desired
BOOT ROM 1st byt -
stbyie UART 86H baud rate*!
ACK response to baud rate setting Normal
(baud rate OK)
2nd byte - >UART 86H
(If the desired baud rate cannot be set,
operatiory is’terminated.)
3rd byte Operation command data (30H) -
ACK.response to operation command®2
4th byte : Normal 30H
Error X1H
Communications x8H
5th byte - Flash memory data (address 02FEFOH)
6th byte - Flash memory data-(address-02FEF1H)
7th byte - Flash mémory data (address) 02FEF2H)
8th byte - Flash memory data (address 02FEF3H)
9thtbyte Part number(ASCII code, 12 bytes)
(0] -
20th byte TMPO1FW60"_/_ _ ' (from 9th byte)
21th byte Password comparison start address
to - (4.bytesy
24th byte F4H, FEH, 02H, O0H (from 21st byte)
25th b
o yte RAM start address (4 bytes)
00H, 10H, 00H, 00H (from 25th byte)
28th byte
29th b
o yte RAM (user area) end address (4 bytes)
FFH, 2DH, 00H, 00H (from 29th byte)
32th byte
33th b
o yte RAM end address (4 bytes)
36th hyte FFH, 2FH, 00H, 00H (from 33rd byte)
37th byte
. vt - Dummy data (4 bytes)
40th byte 00H,00H,00H,00H (from 37th byte)
Z4ith/b
® yte ) Dummy data (4 bytes)
00H, 00H, 00H, 00H (from 41st byte)
44th byte
FUSE information (2 bytes from 45th byte)
a5t biyte Read _protectpnNVrlte protection
o 1) Applied/Applied : O0OH, OOH
2)N lied/Appli :01H H
46th byte ) Not gpp ied/App ?ed 01H, 00
3) Applied/Not applied : 02H, O0H
4) Not applied/Not applied : 03H, 00H
47th b
o yte Flash memory start address (4 bytes)
50th byte 00H, 00H, 01H, O0H (from 47th byte)
51th b;
to yte ) Flash memory end address (4 bytes)
FFH, FFH, 02H, 00H (from 51st byte)
54th byte
55th byte Number of sectors in flash memory (2
to - bytes)
56th byte 10H, O0H (from 55th byte)
57th byte Start address of flash memory sectors of the
to - same size (4 bytes)
60th byte 00H, 00H, 01H, 00H (from 57th byte)
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Table 14-10 Transfer Format of Single Boot Program [Product Information Read](2/2)

Transfer Byte Transfer Data Baud Rate Transfer Data
Number from Controller to Device from Device to Controller
61th byte Size (in half words) of flash memory sectors
to - of the same size (4 bytes)

64th byte 00H, 10H, 00H, 00H (from 61st byte)
Number of flash-memory sectors of the

65th byte - same size\(1 byte)
10H

66th byte - CHECKSUMAralue for 5th to 65th bytes

Wait for the next operation command
67th byte ( P -
data)

#1  For the desired baud rate setting, see Table 14-6.
#2  After sending an error response, the device waits for operation command data(3rd.byte).

Table 14-11 Transfer Format of Single Boot Program [Flash-Memory Chip Erase]

Transfer Byte Transfer Data Bt Ratl Transfer'Data
Number from Controller to Device from Device to-Controller
Baud rate setting Desired
BOOT ROM 1st byte -
Y UART 86H.|  baud rate*!

ACK réspanse to baud rate setting
Normal (baud rate OK)

2nd byte - >UART 86H
(If the desired baud rate cannot be set,
operation is terminated.)

3rd byte Operation command data (40H) -
ACK response to operation command®2
4th byte : Normal 40H
Error X1H
Communications x8H
5th byte Erase Enable command data (54H) -
ACK response to operation command®2
6th byte : Normal 54H
Error X1H
Communications x8H
ACK response to Erase command
7th‘byte - Normal 4FH
Error 4CH
ACK response
8th byte < Normal 5DH

Error 60H

\Wait for the next eperation command
9th byte ( D -
data)

#1 “_For the desired baud rate setting,.see Table 14-6.
#2  After sending an error response, the device waits for operation command data (3rd byte).
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Table 14-12 Transfer Format of Single Boot Program [Flash Memory Protect Set]

Transfer Byte Transfer Data Baud Rate Transfer Data
Number from Controller to Device from Device to Controller
Baud rate setting Desired
BOOT ROM 1st byte -
Y UART 86H baud rate*!
ACK respanse to baud-rate setting
Normal (baud rate OK)
2nd byte - >UART 86H
(If thé désired'baud rate cannot be set,
operatiof is terminated.)
3rd byte Operation command data (60H) -
ACK response to operation command®?
4th byte : Normal 60H
Error x1H
Communications X8H
5th byte Password data (12 bytes)
to -
16th byte (02FEF4H to 02FEFFH)
17th byte CHECKSUM value for 5th to 16th bytes -
ACK response to checksum value®?
18th byte : Nermal 60H
Error 61H
Communications 68H
ACKTesponse to Protect Set command
19th byte - Normal 6FH
Error 6CH
ACK response
20th byte - Normal 31H
Error 34H
Wait for the next opefation command
21th byte ( P -
data)

#1  For the desired paud rate setting, see Table 14-6.
#2  After sending an/error response;-the device waijts for operatign/command data (3rd byte).
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14.4.7 Boot Program

When the device starts up in Single Boot mode, the boot program is activated.

The following explains the commands that are used in the boot program to~communicate with the controller
when the device starts up in Single Boot mode. Use this information for creating a controller for using Single
Boot mode or for building a user boot environment.

1.

RAM Transfer command

In RAM transfer, data is transferred from the controller.and stored in the device's internal RAM.
When the transfer completes normally, the boot program/with-start running the transferred user pro-
gram. Up to 7.5 Kbytes of data can be transferred as a user_program. (This limit is implemented in
the boot program to protect the stack pointer area.) The userprogram starts executing from the RAM
storage start address.

This RAM transfer function enables a user-created program/erase routing’to-he-executed, allowing
the user to implement their own on-board programming method. To perform on-board programming
with a user program, the flash memory command-sequences (see./section 14.6) must be used. After
the RAM Transfer command has been completed, the entire internal RAM ared can be used.

If read protection or write protection(is-applied on the device ofa password error occurs, this com-
mand will not be executed.

Flash Memory SUM command

This command calculates the.SUM of 128 Khytes of data in the flash memory and returns the
result. There is no operation-command available te_the boot program for reading data from the entire
area of the flash memory.\Instead, this Flash Memory SUM command can be used. Reading the SUM
value enables revision-management of the application program.

Product Information-Read-eommand

This-command returns the information_about_the device including its part number and memory
details/stored in“the flash memory at(addresses 02FEFOH to 02FEF3H. This command can also be
usedfor revision management.of-the‘application program.

Flash Memory’Chip Erase command

This command erases all the sectors in the flash memory. If read protection or write protection is
applied on the device, all the sectors in the flash memory are erased and the read protection or write
protection is cleared.

Since this command_is.also used to restore the operation of the boot program when the password is
forgotten,/it'does not include password verification.

5. Flash Memory Protect Set command

This command sets both read protection and write protection on the device. However, if a pass-
word error occurs, this command will not be executed.

When read protection is set, the flash memory cannot be read in Programmer mode. When write
protection is set, the flash memory cannot be written in Programmer mode.
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14.4.8 RAM Transfer Command

See Table 14-8.

1. From the controller to the device

The data in the 1st byte is used to determine the baud rate. The 1st byte is transferred with receive
operation disabled (SCIMODO<RXE> = 0). (The baud rate is determined-using an internal timer.)

To communicate in UART mode

Send the value 86H from the controller to the targetboard-using UART settings at the desired
baud rate. If the serial operation mode is determined as YART, the device checks to see
whether or not the desired baud rate can be set. If the device determines that the desired baud
rate cannot be set, operation is terminated and ne cemmunications can be established.

2. From the device to the controller

The data in the 2nd byte is the ACK response-réturned by the device for-the/serial operation mode
setting data sent in the 1st byte. If the data/in-the 1st byte is found to signify\WART and the desired
baud rate can be set, the device returns86H:

Baud rate determination

The device determines whether-or not the desired(baudrate can be set. If it is found that the
baud rate can be set, thé boot-program rewrites-the BR1CR and BR1ADD values and returns
86H. If it is found thatthe desired baud rate’cannot be set, operation is terminated and no data
is returned. The controller.Sets a time-out-time (5 seconds) after it has finished sending the
1st byte. If the controller\does not receive the-response (86H) normally within the time-out
time, it should be‘considered that the device is unable to communicate. Receive operation is
enabled (SCIMODO<RXE> = 1) before 86H is written to the transmission buffer.

3. From the controller to the device

The'data in the 3rd-byte is operation.eommand data. In this case, the RAM Transfer command data
(10HY is sent-from the controlter to the device.

4. From the device to the controtler

The data in the 4th byte is thesA€K response to the operation command data in the 3rd byte. First,
the device checks to see.if the received data in the 3rd byte contains any error. If a receive error is
found;-the device returns the ACK response data for communications error (bit 3) x8H and waits for
the' \next operation command data (3rd byte). The upper four bits of the ACK response data are unde-
fined (They are the upper four bits of the immediately preceding operation command data).

Next, if the data received in the 3rd byte corresponds to one of the operation commands given in
Table 14-7, the.deviceechoes back the received data (ACK response for normal reception). In the
case of the RAM. Transfer command, if read or write protection is not applied, 10H is echoed back
and then execution branches to the RAM transfer processing routine. If protection is applied, the
device returns the corresponding ACK response data (bit 2/1) x6H and waits for the next operation
command data (3rd byte). The upper four bits of the ACK response data are undefined. (They are the
upper four bits of the immediately preceding operation command data.)

After branching to the RAM transfer processing routine, the device checks the data in the password
area. For details, see " 14.4.15 Password ".

If the data in the 3rd byte does not correspond to any operation command, the device returns the
ACK response data for operation command error (bit0) x1H and waits for the next operation com-
mand data (3rd byte). The upper four bits of the ACK response data are undefined. (They are the
upper four bits of the immediately preceding operation command data.)
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From the controller to the device

The 5th to 16th bytes contain password data (12 bytes). The data in the 5th to 16th bytes is verified
against the data at addresses 02FEF4H to 02FEFFH in the flash memory, respectively.

From the controller to the device

The 17th byte contains CHECKSUM data. The CHECKSUM data-sent by the controller is the
two's complement of the lower 8-bit value obtained by summing the data in the 5th to 16th bytes by
unsigned 8-bit addition (ignoring any overflow). For details on CHECKSUM, see " 14.4.17 How to
Calculate CHECKSUM ™.

From the device to the controller

The data in the 18th byte is the ACK response datato-the-5th-to 17th bytes (ACK response to the
CHECKSUM value). The device first checks to seewhether the data received|in the 5th to 17th bytes
contains any error. If a receive error is found, the device returns the ACK résponse data for commu-
nications error (bit 3) 18H and waits for the next operation’command data (3rd byte). The upper four
bits of the ACK response data are the upper four bits) of the immediately_preceding operation com-
mand data, so the value of these bits is “1”

Next, the device checks the CHECKSUM data.in the 17th byte.“This check-is made to see if the
lower 8-bit value obtained by summing(the data in the 5th to 17th bytes\by unsigned 8-bit addition
(ignoring any overflow) is O0H. If the value.is not O0H, the device returns the ACK response data for
CHECKSUM error (bit 0) 11H and/waits.forthe next operatiorycommand data (3rd byte).

Finally, the device examines theresult of password verification./If all the data in the 5th to 16th
bytes is not verified correctly,-the device returns,the ACK response data for password error (bit 0)
11H and waits for the nextoperation command data-(3rd byte).

If no error is found in allkthe above checks, the device returns the ACK response data for normal
reception 10 H.

From the controtler to the device

The-data-in the 49th to 22nd bytes indicates the RAM start address for storing block transfer data.
The/18th byte corresponds to-address bits 31 to 24, the 20th byte to address bits 23 to 16, the 21st
byte te.address-bits’15 to 8, and.the 22nd-byte to address bits 7 to 0.

From the controller to the device

The data in the 23rd and 24th bytes indicates the number of bytes to be transferred. The 23rd byte
corresponds to bits 15 to/8 of the transfer byte count and the 24th byte corresponds to bits 7 to 0.

10..Froem the controllerto the\device

The data.inthe 25th-byte is CHECKSUM data. The CHECKSUM data sent by the controller is the
two's complement of the lower 8-bit value obtained by summing the data in the 19th to 24th bytes by
unsigned 8-bit addition (ignoring any overflow). For details on CHECKSUM, see " 14.4.17 How to
Calculate CHECKSUM ™.

Note: The data in the 19th to 25th bytes should be placed within addresses 001000H to 002DFFH (7.5Kbytes) in
the internal RAM.
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11. From the device to the controller

The data in the 26th byte is the ACK response data to the data in the 19th to 25th bytes (ACK
response to the CHECKSUM value).

The device first checks to see whether the data received in the 19th to 25th bytes contains any
error. If a receive error is found, the device returns the ACK response data for communications error
(bit 3) 18H and waits for the next operation command (3rd byte). The upper four bits of the ACK
response data are the upper four bits of the immediately preceding operation command data, so the
value of these bits is “1”.

Next, the device checks the CHECKSUM data in the 25th bytez This check is made to see if the
lower 8-bit value obtained by summing the data in the 19th to 25th bytes by unsigned 8-bit addition
(ignoring any overflow) is O0H. If the value is not 00H, the-device+etufns the ACK response data for
CHECKSUM error (bit 0) 11H and waits for the next operation'command data (3rd byte).

12. From the controller to the device

The data in the 27th to m'th bytes is the data-ta_be stered in the RAM./This data is written to the
RAM starting at the address specified in the 19th to’22nd bytes. The number of bytes to be written is
specified in the 23rd and 24th bytes.

13. From the controller to the device

The data in the (m+1)th byte is CHECKSUM data. The CHECKSWUMdata sent by the controller is
the two's complement of the lower 8-bitvalue obtained by suminirig the data in the 27th to m'th bytes
by unsigned 8-bit addition (ignofing.any overflow). Fordetails-en CHECKSUM, see " 14.4.17 How
to Calculate CHECKSUM ".

14. From the device to the controller

The data in the (m+2)th byte is the ACK response data to the 27th to (m+1)th bytes (ACK response
to the CHECKSUM\value).

The device firstchecks to see whether-the-data in the 27th to (m+1)th byte contains any error. If a
receive error is_faund, /the device returns-the ACK response data for communications error (bit 3)
18Hand waits for-the next operation comimand (3rd byte). The upper four bits of the ACK response
aré-the upper-four_bits of the immediately-preceding operation command data, so the value of these
bits is 1

Next, the device checks the EHECKSUM data in the (m+1)th byte. This check is made to see if the
lower 8-bit value obtained by stmming the data in the 27th to (m+1)th bytes by unsigned 8-bit addi-
tion-(ignoring any overflow) is 00H. If the value is not 00OH, the device returns the ACK response
data for CHECKSUM error (bit 0) 11H and waits for the next operation command data (3rd byte).

If no error is found-in-alkthe above checks, the device returns the ACK response data for normal
reception 10H.

15. From the device-to-the controller

If the ACK response data in the (m+2)th byte is 10H (normal reception), the boot program then
jumps to the RAM start address specified in the 19th to 22nd bytes.
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14.4.9 Flash Memory SUM command

See Table 14-9.

1
2.

The data in the 1st and 2nd bytes is the same as in the case of the RAM.Transfer command.
From the controller to the device

The data in the 3rd byte is operation command data. The Flash Memory SUM command data
(20H) is sent here.

From the device to the controller
The data in the 4th byte is the ACK response data to the operation command data in the 3rd byte.

The device first checks to see if the data in the 3rd byte-contains any error.-If a receive error is
found, the device returns the ACK response data for.communications error (bit"3)x8H and waits for
the next operation command data (3rd byte). The upperfour bits of the ACK-response-data are unde-
fined. (They are the upper four bits of the immediately. preceding operatien-command data.)

Then, if the data in the 3rd byte corresponds to_one of the operation_command values given in
Table 14-7, the device echoes back the received data (ACK response fer normal reception). In this
case, 20H is echoed back and execution-then branches to the flash'memory SUM processing routine.
If the data in the 3rd byte does not gofrespaond to any operation_command, the device returns the
ACK response data for operation command_error (bit 0) x1H and waits for the next operation com-
mand data (3rd byte). The upper(four.bits of the ACK response data are undefined. (They are the
upper four bits of the immediately_preceding operation command data.)

From the device to the controller

The data in the 5th and/6th-bytesis the upper and-lower data of the SUM value, respectively. For
details on SUM, see " 14.4.16 How to Calculate SUM-\".
From the device to thecontroHler

The data in the 7th.byte) is CHECKSUM-data This is the two's complement of the lower 8-bit

value obtained by summingthe data in the 5thand-6th bytes by unsigned 8-bit addition (ignoring any
overflow).

From/the cantrolerto the device

The-data in-the 8th byte is the next eperation command data.
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14.4.10Product Information Read command

See Table 14-10.

1
2.

3.

The data in the 1st and 2nd bytes is the same as in the case of the RAM.Transfer command.
From the controller to the device
The data in the 3rd byte is operation command data. The Produet-Infermation Read command data
(30H) is sent here.
From the device to the controller

The data in the 4th byte is the ACK response data to the operation command data in the 3rd byte.

The device first checks to see if the data in the 3rd byte-contains any error.-If a receive error is
found, the device returns the ACK response data for.communications error (bit"3)x8H and waits for
the next operation command data (3rd byte). The upperfour bits of the ACK-response-data are unde-
fined. (They are the upper four bits of the immediately. preceding operatien-command data.)

Then, if the data in the 3rd byte corresponds to_one of the operation_command values given in
Table 14-7, the device echoes back the received data (ACK response fer normal reception). In this
case, 30H is returned and execution then branches to the product information read processing rou-
tine. If the data in the 3rd byte does not ¢orrespend to any operatian-command, the device returns the
ACK response data for operation command_error (bit 0) x1H and waits for the next operation com-
mand data (3rd byte). The upper(four.bits of the ACK response data are undefined. (They are the
upper four bits of the immediately_preceding operation command data.)

From the device to the controler
The data in the 5th to 8th-bytes is-the data stored-at addresses 02FEFOH to 02FEF3H in the flash

memory. By writing the ID information of software at these addresses, the version of the software
can be managed. (For-example, 0002H can indicate that the software is now in version 2.)

From the device to the controller
The data in the 9th to-20th bytes denotes the part-number of the device. TMP91FW60 __ 'issent
in ASCII code stafting from the 9th byte:
Note: An underscoré ('_") indicates & space:
From the device-to the controller
The data in_the 21st ta 24th bytes-is the password comparison start address. F4H, FEH, 02H and
O0H are sent'starting from the 21st byte.
From the device to the controller
Thedata in the 25th to/28th bytes is the RAM start address. 00H, 10H, 00H and 00H are sent start-
ing\from the 25th byte.
Erom the device to'the contraller
The data'in the\29th t0,32nd bytes is the RAM (user area) end address. FFH, 2DH, 00H and 00H
are sent starting.from-the 29th byte.
From the device to-the controller

The data in the 33rd to 36th bytes is the RAM end address. FFH, 2FH, 00H and 00H are sent start-
ing from the 33rd byte.

10. From the device to the controller

The data in the 37th to 44th bytes is dummy data.

11. From the device to the controller

The data in the 45th and 46th bytes contains the protection status and sector division information
of the flash memory.

>Bit 0 indicates the read protection status.

0: Read protection is applied.
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1: Read protection is not applied.

>Bit 1 indicates the write protection status.

0: Write protection is applied.

1: Write protection is not applied.

>Bit 2 indicates whether or not the flash memory is divided into‘sectors.
0: The flash memory is divided into sectors.

1: The flash memory is not divided into sectors.

>Bits 3 to 15 are sent as “0”.

12. From the device to the controller
The data in the 47th to 50th bytes is the flash memory-start-address. 00H, 00H, 01H and OOH are
sent starting from the 47th byte.
13. From the device to the controller
The data in the 51st to 54th bytes is the flash memony end address. FEH, FFH;.02H and 00H are
sent starting from the 51st byte.
14. From the device to the controller
The data in the 55th and 56th bytesindicates-the number of sectors-in the flash memory. 10H and
OO0H are sent starting from the 55th byte:
15. From the device to the controller
The data in the 57th to 65th/byites contains sectof infermation-of-the flash memory. Sector informa-

tion is comprised of the start address (starting fram the flash\memory start address), sector size and
number of consecutive sectors-ofithe-same size. Notethat the sector size is represented in word units.

The data in the 57th to 65th_bytes indicates 8 Kbytes of sectors (sector 0 to sector 15).

For the data to be(transférred, see Table 14-10:
16. From the device to the.controller
The data in(the’66th\byte is CHECKSUM data. This is the two's complement of the lower 8-bit

value/obtained by summing the data in-the/5th to 65th bytes by unsigned 8-bit addition (ignoring any
ovefflow).

17. Fromthe‘controller to the device

The data‘in_the 67th byte isthe next-operation command data.
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14.4.11Flash Memory Chip Erase Command

See Table 14-11.

1
2.

The data in the 1st and 2nd bytes is the same as in the case of the RAM.Transfer command.
From the controller to the device

The data in the 3rd byte is operation command data. The Flash-Memory Chip Erase command data
(40H) is sent here.

From the device to the controller
The data in the 4th byte is the ACK response data to the operation command data in the 3rd byte.

The device first checks to see if the data in the 3rd byte-contains any error.-If a receive error is
found, the device returns the ACK response data for.communications error (bit"3)x8H and waits for
the next operation command data (3rd byte). The upperfour bits of the ACK-response-data are unde-
fined. (They are the upper four bits of the immediately. preceding operatien-command data.)

Then, if the data in the 3rd byte corresponds to_one of the operation_command values given in
Table 14-7, the device echoes back the received data (ACK response fer normal reception). In this
case, 40H is echoed back. If the data in,the\3rd byte does not corpespond ta any operation command,
the device returns the ACK response data for.operation command.error-(bit 0) x1H and waits for the
next operation command data (3rd byte).~The upper four bits_of the-ACK response data are unde-
fined. (They are the upper four bits/of-the immediately preceding’operation command data.)

From the controller to the device

The data in the 5th byte is Erase-Enable command data (54H).
From the device to the controller.

The data in the 6th byte.is-the/ACK response data to-thé Erase Enable command data in the 5th
byte.

The device first checks-to' see if the data in“the 5th byte contains any error. If a receive error is
found, the devicereturns the ACK respanse.data for communications error (bit 3) x8H and waits for
the next-operatiofycommand data (3rd -byte). Theupper four bits of the ACK response data are unde-
fined (They are the_upper four bits of the immediately preceding operation command data.)

Then,.Jf the data’in the 5th byte earresponds to the Erase Enable command data, the device echoes
back the-received data (ACK-response-for normal reception). In this case, 54H is echoed back and
execution jumps to the flash memory-chip erase processing routine. If the data in the 5th byte does
not correspond to the Erase Enable command data, the device returns the ACK response data for
operation command error (bit 0) X1H and waits for the next operation command (3rd byte). The
upper_four bits of the ACK response data are undefined. (They are the upper four bits of the immedi-
ately preceding operation.command data.)

6.~-From the device to'the controller

The data'in the\7th byte indicates whether or not the erase operation has completed successfully. If
the erase operation has completed successfully, the device returns the end code (4FH). If an erase
error has occurred, the device returns the error code (4CH).

7. From the device to the controller

The data in the 8th byte is ACK response data. If the erase operation has completed successfully,
the device returns the ACK response for erase completion (5DH). If an erase error has occurred, the
device returns the ACK response for erase error (60H).

8. From the controller to the device

The data in the 9th byte is the next operation command data.
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14.4.12Flash Memory Protect Set command

See Table 14-12.

1
2.

The data in the 1st and 2nd bytes is the same as in the case of the RAM.Transfer command.
From the controller to the device

The data in the 3rd byte is operation command data. The Flash-Memery Protect Set command data
(60H) is sent here.

From the device to the controller
The data in the 4th byte is the ACK response data to the operation command data in the 3rd byte.

The device first checks to see if the data in the 3rd byte-contains any error.-If a receive error is
found, the device returns the ACK response data for,communications error (bit"3)x8H and waits for
the next operation command data. The upper four-hits_of the ACK response. data dre undefined.
(They are the upper four bits of the immediately preceding operation command data.)

Then, if the data in the 3rd byte corresponds to éne of the operation command data values given in
Table 14-7, the device echoes back the received data (ACK response fer normal reception). In this
case, 60H is echoed back and executionbranches-to the flash memory protect set processing routine.

After branching to this routine, the‘data in the’password area is.checked. For details, see " 14.4.15
Password ". If the data in the 3rd/byte doesnot correspond to any ‘eperation command, the device
returns the ACK response data for operation command errar(bjt 0) x1H and waits for the next oper-
ation command data (3rd byte). The upper four bits of the ACK-response data are undefined. (They
are the upper four bits of the immediately preceding operation command data.)

From the controller to the device

The data in the 5th to 26th_bytes is password data (12 bytes). The data in the 5th byte is verified
against the data at address 02FEF4H in the flash memory and the data in the 6th byte against the data
at address 02FEF5H. \In this manner, the received data is verified consecutively against the data at the
specified address-in the flash memory. The data-in‘the 16th byte is verified against the data at address
02FEFFH in the flashymemory.

From the-controller-to’the device

The data inthe 17th byte iSCHECKSUM/ data. The CHECKSUM data sent by the controller is the
two's eomplement of the lower 8-bit. value obtained by summing the data in 5th to 16th bytes by
unsigned 8<pit addition (ignering-any overflow). For details on CHECKSUM, see " 14.4.17 How to
Calculate CHECKSUM ™.

From the device to the controller

The-data in the 18th byte is the ACK response data to the data in the 5th to 17th bytes (ACK
response to the CHECKSUM value).

The device first/checks to see whether the data in the 5th to 17th bytes contains any error. If a
receive efror is,found, the device returns the ACK response data for communications error (bit 3)
68H and waits-for the next operation command data (3rd byte). The upper four bits of the ACK
response data are.the upper four bits of the immediately preceding operation command data, so the
value of these bits is “6”.

Then, the device checks the CHECKSUM data in the 17th byte. This check is made to see if the
lower 8 bits of the value obtained by summing the data in the 5th to 17th bytes by unsigned 8-bit
addition (ignoring any overflow) is O0H. If the value is not 00H, the device returns the ACK response
data for CHECKSUM error (bit 0) 61H and waits for the next operation command data (3rd byte).

Finally, the device examines the result of password verification. If all the data in the 5th to 16th
bytes is not verified correctly, the device returns the ACK response data for password error (bit 0)
61H and waits for the next operation command data (3rd byte).

If no error is found in the above checks, the device returns the ACK response data for normal
reception 60H.
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7. From the device to the controller

The data in the 19th byte indicates whether or not the protect set operation has completed success-
fully. If the operation has completed successfully, the device returns the end code (6FH). If an error
has occurred, the device returns the error code (6CH).

8. From the device to the controller
The data in the 20th byte is ACK response data. If the protect set eperation has completed success-

fully, the device returns the ACK response data for normal completion (31H). If an error has
occurred, the device returns the ACK response data for error (34H).

9. From the device to the controller

The data in the 21st byte is the next operation command-data,

14.4.13ACK Response Data

The boot program notifies the controller of its processing status by sending various response data. Table 14-
13 to Table 14-18 show the ACK response data returned for-each type of received data-The upper four bits of
ACK response data are a direct reflection of the upper four bits-of the immediately-preceding operation com-
mand data. Bit 3 indicates a receive error and bit 0 indicates an/operation command-etror,, CHECKSUM error
or password error.

Table 14-13 ACK Response Data to Serial Operation’Mode Setting Data

Transfer Data Meaning

86H The device can communieate in UART Mmode--(Note)

Note: If the desired baud rate cannot be-set, the device returns ne_data and terminates operation.

Table 14-14 ACK Response/Data to Operation Command Data

Transfer data Meaning
x8H (Note) A receive error occurred inthe_operation command data.
x6H (Note) Terminated receive operation/due to protection setting.
x1H(Nete) Undefined operation command/data was received normally.
10H Received-the RAM Transfer command.
20H Received the Flash Memory SUM command.
30H Received the Product;Information Read command.
40H Received the Flash Memory Chip Erase command.
60H Received the Flash Memory Protect Set command.

Note: The upper four bits are a direct reflection of the upper four bits of the immediately preceding operation com-
mand data.

Table’14-15 ACK Response data to CHECKSUM Data for RAM Transfer Command

Transfer data Meaning
18H A receive error occurred.
11H A CHECKSUM error or password error occurred.
10H Received the correct CHECKSUM value.
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Table 14-16 ACK Response Data to Flash Memory Chip Erase Operation

Transfer data Meaning
54H Received the Erase Enable command.
4FH Completed erase operation.
4CH An erase error occurred.
5DH (Note) Reconfirmation of erase operation
60H (Note) Reconfirmation of erase error

Note: These codes are returned for reconfirmation of communications.

Table 14-17 ACK Response Data to CHECKSUM Data for Flash Memory Protect Set Command

Transfer data

Meaning

68H A receive error occurred.
61H A CHECKSUM or password error occurred.
60H Received the correct CHECKSUM value.

Table 14-18 ACK Response Data to Flash Memery, Protect Set Operation

Transfer data Meaning
6FH Completed the protect (read/write) set gperation.
6CH A protect/(read/write) Set error occurred:

31H (Note) Reconfirmationof protect (read/write) set operation
34H (Note) Reconfirmation of protect (read/write).set error

Note: These codes are returned-forreeonfirmation of communicatiens.

14.4.14Determining Serial Operation-Mode

To communicate.in\UART mode;-the-controllter should transmit the data value 86H as the first byte at the
desired baud rate. Figure 14-7 shows-the waveform of this operation.

Start pit0 bit1 ™ bit2 bit3 bitd bit5 bit6 bit7 Stop

Point A Point B Point C Point D
UART. (86 H) —l_i__|—1—| : : : R
A% NN ! !
v\ \IAC | : :
e a a

Figure 14-7 Data for Determining Serial Operation Mode

The boot program receives the first byte (86H) after reset release not as serial communications data. Instead,
the boot program uses the first byte to determine the baud rate. The baud rate is determined by the output peri-
ods of tAB, tAC and tAD as shown in Figure 14-7 using the procedure shown in Figure 14-8.

The CPU monitors the level of the receive pin. Upon detecting a level change, the CPU captures the timer
value to determine the baud rate.
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(s )

Initialize 16-bit timer BO
(6T1 = 8/fc, clear counter)
Start the prescaler

Receive pin changed from
High to Low?

| Start counting up of 16-bit timer BO
|

Receive pin changed
from Low to High?

| Capture timer value (tAB) by software
|

Receive pin changed
from High to Low?

| Capture timer value (tAC) by software
|

Receive\pin_changed
from tew to-High?

| Capture timer-value (tAD) by software |

| Stop 16-bit timerBO |

tAC ~21AD? YES
Back.up-tAD/value
Stop operation
( End ) (Endless loop)

Figure 14-8 Flowchart for Serial Operation Mode Receive Operation
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14.4.15Password

When the RAM Transfer command (10H) or the Flash Memory Protect Set command (60H) is received as
operation command data, password verification is performed. First, the device echoes back the operation com-
mand data (10H to 60H) and checks the data (12 bytes) in the password-area (addresses 02FEF4H to
02FEFFH).

Then, the device verifies the password data received in the 5th to 16th bytes against the data in the password
area as shown in Table 14-19.

Unless all the 12 bytes are verified correctly, a password error will.oecur.

A password error will also occur if all the 12 bytes of password data contain the same value. Only exception
is when all the 12 bytes are “FFH” and verified correctly and the \resetvector area (addresses 02FFOOH to
02FFO02H) is all “FFH™. In this case, a blank device will be assumed-and no password epror-will occur.

If a password error has occurred, the device returns the ACK response data for password error in the 18th

byte.

Table 14-19 Password Nerification Table

Receive data Datd to be verified against
5th byte Data-at-address 02FEF4H
6th byte Data ataddress 02FEF5H
7th byte Data at address/02FEF6H
8th byte Data at addréss 02FEF7H
9th byte Data at address 02FEF8H
10th byte Data at address 02FEF9H
11th byte Data at address*02FEFAH
12th byte Data at address-02FEFBH
13th byte Data at address 02FEFCH
T4th-byte Data at address 02FEFDH
15th byte Data at address 02FEFEH
16th byte Data-at address 02FEFFH

Example.of data that cannot be Specified as a password
For blank products (Note)

The password of ablank-produet must be all “FFH” (FFH, FFH, FFH, FFH, FFH, FFH, FFH,

FFH, FFH/FFH, FEH, FFH).

Note:A blank-product is-a product in which all the bytes in the password area (addresses 02FEF4H to

02FEFFH) and'the reset vector area (addresses 02FFO0H to 02FF02H) are “FFH".

For programmed products

The same 12 consecutive bytes cannot be specified as a password.
The table below shows password error examples.

Programmed product 1 2 3 4 5 6 7 8 9 10 11 12 Note
Error example 1 FFH| FFH | FFH| FFH | FFH | FFH | FFH | FFH | FFH| FFH | FFH | FFH [ ALL"FF"
Error example 2 OOH | OOH | OOH | OOH | OOH | OOH | OOH | OOH | OOH | OOH | OOH | OOH | ALL"0O"
Error example 3 5AH | 5AH| 5AH | 5AH | 5AH | 5AH | 5AH | 5AH | 5AH | 5AH | 5AH | 5AH | ALL"5A"
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14.4.16How to Calculate SUM

SUM is calculated by summing the values of all data read from the flash memory by unsigned 8-bit addition
and is returned as a word (16-bit) value. The resulting SUM value is sent to the controller in order of upper 8
bits and lower 8 bits. All the 128 Kbytes of data in the flash memory are included in the calculation of SUM.
When the Flash Memory SUM command is executed, SUM is calculated in this way.

When SUM is calculated from the four data entries
shown to the left, the result is as—follows-

A1H

- A1H+ B2H + C3H + D4H = 02EAH
SUM upper 8 bits: 02H

C3H SUM lower 8 bits: EAH

D4H

Thus, the SUM value is sent to the controllér \in
order of 02H and EAH,

14.4.17How to Calculate CHECKSUM

CHECKSUM is calculated by taking the two's complement of the lower 8:bit value obtained by summing the
values of received data by unsigned 8-bit-addition.tignoring any overflow). When the Flash Memory SUM
command or the Product Information Read command is executed, CHECKSUM is calculated in this way. The
controller should also use this CHECKSUM-calculation method for sending CHECKSUM values.

Example: Calculating CHECKSUM forthe Flash Memory SUM command

When the upper 8-bit data-of SUM-is E5H and the lower 8-bit data is F6H, CHECKSUM is calculated
as shown below.

First, the upper 8 bits-and Jower 8 bits of the SUM-value are added by unsigned operation.
ESH+F6H 5/1DBH

Then, the two's complement of the“lower 8-bits of this result is obtained as shown below. The resulting
CHECKSUMvaluge (25H) is senf tothe-eontroller.

0-DBH = 25H

14.5 User Boot'Mode (in Single Chip Mode)

User-Beot mode, which-is a suly mode, of Single Chip mode, enables a user-created flash memory program/erase
routine-to-be used. To dolso, the operation mode of Single Chip mode must be changed from Normal mode for exe-
cuting a user application program to-ser Boot mode for programming/erasing the flash memory.

For example, the reset processing.routine of a user application program may include a routine for selecting Normal
mode or User Boot mode upon entering Single Chip mode. Any mode-selecting condition may be set using the
device's 1/O to suit the user system.

To program/erase the flash memory in User Boot mode, a program/erase routine must be incorporated in the user
application program in advance. Since the processor cannot read data from the internal flash memory while it is
being programmed or erased, the program/erase routine must be executed from the outside of the flash memory.
While the flash memory is being programmed/erased in User Boot mode, interrupts must be disabled.

The pages that follow explain the procedure for programming the flash memory using two example cases. In one
case the program/erase routine is stored in the internal flash memory (1-A); in the other the program/erase routine is
transferred from an external source (1-B).

Page 239 2007-10-15



TMP91FW60

TOSHIBA

14.5.1 (1-A) Program/Erase Procedure Example 1

When the program/erase routine is stored in the internal flash memory

(Step-1)Environment setup
First, the condition (e.g. pin status) for entering User Boot mode must/be set.and the 1/0 bus for trans-
ferring data must be determined. Then, the device's peripheral circuitrysmust be“designed and a corre-
sponding program must be written. Before mounting the device on the beard;-it’is necessary to write the
following four routines into one of the sectors in the flash memory.
(a)Mode select routine:

Selects Normal mode or User Boot mode.
(b)Program/erase routine:

Loads program/erase data from an external source and programs/erases the flash memory.
(c)Copy routine 1:

Copies routines (a) to (d) into the internal-RAM_or external memory.

(d)Copy routine 2:
Copies routines (a) to (d) from the internal RAM or external mematy into the flash memory.

Note: The above (d) is a routine for reconstructing the-pregram/erase routine/on the flash memory. If the entire flash
memory is always programmed and thé program/erase routine-is-included4n the new user application pro-

gram, this copy routine is not needed.

New user
licati
( TMP91FW60 ) (1/0) <X Porogran
Flash memory CController)

0ld user dpplication
progfam

[Reset processing. routine]

(a)Mode select routine
(b) Program/erase routine RAN
(c) Copy routine 1

(d) Copy routine 2
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(Step-2) Entering User Boot mode (using the reset processing)

After reset release, the reset processing program determines whether or not the device should enter User
Boot mode. If the condition for entering User Boot mode is true, User Boot mode is entered to program/
erase the flash memory.

New user
) application
” program
( TMP91FW60 ) (1/0) |
Flash memory 0 — 1°RESET ( Gontroller )
0ld user application (__I
program (—*l
[Reset processing routine ] Condition/ for
enter ng Usoc
[(b) Program/erase routine | RAN (uset-specified)
[(c) Copy routine 1 |
|(d) Copy routine 2 |

(Step-3) Copying the program/erase routine

After the device has entered User Boot mode, thecapy routine\l (c) copies the routines (a) to (d) into
the internal RAM or external memory\(THe routines are-copied into the internal RAM here.)

New user
application
> S rogram
(1/0) | Prog

( TMP91FW60-)

Flash memory

( Controller)

0ld user apphidation
program |(a)Mode select routine |

[Reset processing routine ] |(b)Program/erase routine|
| [ o) Copy routine™ |
|(d)Copy routine 2 |

RAM

| a)Mode select routine

(
| (b) Program/erase routine |
¢

¢)Copy routine 1

[(@Copy routine 2 |
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(Step-4) Erasing the flash memory by the program/erase routine

Control jumps to the program/erase routine in the RAM and the old user program area is erased (sector
erase or chip erase). (In this case, the flash memory erase command is issued from the RAM.)

Note: If data is erased on a sector basis and the routines (a) to (d) are left in the flash memory, only the program/
erase routine (b) need be copied into the RAM.

New user
) apptication
program
( TMP91FW60 ) o
Flash memory (" Controller)

[@)Mode select routine |
|(c) Copy routine 1 |
Erased [@) Copy routine 2 |
RAM

(Step-5) Restoring the user boot programiinthe flash memery
The copy routine 2 (d) in the'RAM copies the routines (a) to-(d) into the flash memory.

Note: If data is erased on a sector basis)and the routines (a).to (d)-are left in the flash memory, step 5 is not needed.

New user
> 7 application
/ program
1/0) %
( THPOTFil60.) o
Flash memory ( Controller)

|(a)Mode select raytine |

[Reset—processing routine ] |(b)Program/erase routine|

[ tine 1

(a)Mode select routine |(c) gy T [ne |
(d) Copy routine 2

(b) Program/erase routine

37

¢)Copy routine 1
(d) Copy routine 2
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(Step-6) Writing the new user application program to the flash memory

The program/erase routine in the RAM is executed to load the new user application program from the
controller into the erased area of the flash memory.

New user
apphication
program

( TMPQTFW60 ) (/0
Flash memory (LController )

Old user application
program [(@Mode select routine |
)

> -
[ Reset processing routine] (b)Program/erase routine

[(c) Copy routine 1 |
|(d) Copy routine 2 |
RAM

[(@)Mode select routine |

| (b) Program/erase routine |

|(c) Copy routine 1 |

|(d) Copy routine 2 |

(Step-7) Executing the new user application program

The RESET input pin is drivén Low\(“0”) to reset the'device. The mode setting condition is set for Nor-
mal mode. After reset release, the.device will start executing-the/new user application program.

(0 740) B e 3/ I BT E TP PR !
( TMPO1FW60 )
Flash memory. 0= A1 RESET ( Controller )
0ld user application (——l
program (_*l
[Reset processing routine ] Condition for
(a)Mode select routine entering Normal
mode
|(b)Program/erase routine | AN
|(c) Copy Treutine 1 |
[<d)Copy~routine 2 |
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14.5.2 (1-B) Program/Erase Procedure Example 2

In this example, only the boot program (minimum requirement) is stored in the flash memory and other nec-
essary routines are supplied from the controller.

(Step-1)Environment setup

First, the condition (e.g. pin status) for entering User Boot mode must be-set and the 1/0 bus for trans-
ferring data must be determined. Then, the device's peripheral circuitry-must-be designed and a corre-
sponding program must be written. Before mounting the device on(the’board, it is necessary to write the
following two routines into one on the sectors in the flash memary.

(a)Mode select routine:
Selects Normal mode or User Boot mode.
(b)Transfer routine:
Loads the program/erase routine from an external source.
The following routines are prepared on the controller.
(c)Program/erase routine:
Programs/erases the flash memory.
(d)Copy routine 1:
Copies routines (a) and (b) into-the internal RAM or external’memory.
(e)Copy routine 2:

Copies routines (a) and/(b) from the internal RAMor external memory into the flash memory.

New user application
program
Yo [P / |
c)Program/erase routine
( TMP91FW60/)
Flash memofy. [(d) Gopy routine 1 |
[(e) Copy routine 2 |
0ld user application
pmgrpa% ( Controller )
[Reset processing routine]
a) Mod lect routi
e
(b) Transfer routine
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(Step-2) Entering User Boot mode (using the reset processing)

The following explanation assumes that these routines are incorporated in the reset processing program.
After reset release, the reset processing program first determines whether or not the device should enter

User Boot mode. If the condition for entering User Boot mode is true, User Boot mode is entered to pro-
gram/erase the flash memory.

New user application
program

/N v/

(1/0)

( TMP91FW60 )

Flash memory

|(c) Program/erase routi ne|
ESET

0 _>|1 R |(d)Copy routine 1 |

[(e) Copy routine 2 |
0ld user application a‘__]
program I ( Control Ier)
Condition—far
entering/User

11

[ Reset processing routinel

Boot made
(a) Mode select routine RAN (user=specified)
|(b) Transfer routine |

(Step-3) Copying the program/erase routine.te.the internal RAM

After the device has entered User-Boot mode, the transfer routine (b) transfers the routines (c) to ()
from the controller to the internal RAM (or external memary). (The routines are copied into the internal
RAM here.)

New user application
program

[c)Program/erase routine|

[(d) Copy routine 1 |
(1/0) [e) Copy routine 2 |
( TMP91FW60 )

( Controller )
Flash memory

0\d user )application
program

(c)Program/erase routine
(d) Copy routine 1

RAM

[Reset processing routine]

[(a) Mode select routing |

(b) Transfer routine

Page 245 2007-10-15



TOSH'BA TMP91FW60

(Step-4) Executing the copy routine 1 in the internal RAM

Control jumps to the internal RAM and the copy routine 1 (d) copies the routines (a) and (b) into the
internal RAM.

New-user application
prkogyam

|(c)Program/erase routinel
(1/0) [(d)cdpy routine 1 |
( TMP91FW60 ) [(e)Copy routine 2 |

Flash memory ( Gontroller )

(a)Mode select routine
Old user application (b) Transfer routine

program
() Program/erase routine|

[ Reset processing routine] (d)Copy routine 1

|(a) Mode select routine | |(e) Copy routine 2 |

[(b) Transfer routine | RAM

(Step-5) Erasing the flash memory by the program/erase routine

The program/erase routine (c) erases\the old user program-area.

New user application

program
|(c)Program/erase routine|
(1/0) .
|(d) Copy routine 1 |
( TMPO1FW6Q ) |(e)Copy routine 2 |
Flash memory ( Controller)

[@Wode select routine |

|(b) Transfer routine |

(c)Program/erase routine

[(d)Copy_ Toutine 1 |

[(®) Copy\rautine 2 |
RAM
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(Step-6) Restoring the user boot program in the flash memory

The copy routine (e) copies the routines (a) and (b) from the internal RAM into the flash memory.

New user application
program

[«c)Progran/erase routing
[Xd).Copy routine 1 |
(1/0) [() Copy routine 2 |

( TMP91FW60 ) (Controller )

Flash memory

[(a)Mode select routine |

|(b)Transfer routine |

|(c)Program/erase routinel
[ Reset processing routine] |(d)Copy routine 1 |

(@) Mode select routine (e) Copy routine 2
(b) Transfer routine RAM

(Step-7) Writing the new user application-pregram to the flash memory

The program/erase routine (c).in the)RAM is executed to_tead/the new user application program from
the controller into the erased-area.of the flash memary.

New user application
program

[(c)Program/erase routing

|(d) Copy routine 1 |

(1/0)

[(e)Copy routine 2 |

( TMP91FW60 )
Flash memdry ( Controller )

= [@ Mode [sglect routine |

Old user application |(b)Transfer routine |
program

(c)Program/erase routine

[\Reset proeessing routinel |(d)Copy routine 1 |

|(a) Mode “select routine | |(e)Copy foltine 2 |

[\(b) Transfer routine } RAN
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(Step-8) Executing the new user application program

The RESET input pin is driven Low (“0”) to reset the device. The mode setting condition is set for Nor-
mal mode. After reset release, the device will start executing the new user application program.

(1/0) R aahhaby

( TMP91FW60 )

0 — 1 RESET
Flash memory

0ld user application |
program Condition for

( Controller )

11

[ Reset processing routine] entering Normal
mode

(@) Mode select routine RA

[(b) Transfer routine |
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14.6 Flash Memory Command Sequences

The operation of the flash memory is comprised of six commands, as shown in Table 14-20. Addresses specified
in each command sequence must be in an area where the flash memory is mapped. For details, see Table 14-3.

Table 14-20 Command Sequences

Command 1st Bus 2nd Bus 3rd Bus 4th Bus 5th Bus 6th Bus
Write Cycle Write Cycle Write Cycle Write Cycle Write Cycle Write Cycle
Sequence Addr. Data Addr. Data Addr. Data Addr. Data Addr. Data Addr. Data
1 | Single Word Program AAAH AAH 554H 55H AAAH AOH PA PD
9 9 (Note1)| (Noted)
Sector Erase SA
2 AAAH AAH 554H 55H AAAH 80H AAAH AAH 554H S55H 30H
(8KB Erase) (Note2)
Chip Erase
3 AAAH AAH 554H 55H AAAH 80H AAAH AAH 554H 55H AAAH 10H
(All Erase)
4 | Product ID Entry AAAH AAH 554H 55H AAAH 90H
Product ID Exit XXH FOH
5
Product ID Exit AAAH AAH 554H 55H AAAH FOH
FOH
Read Protect Set AAAH AAH 554H 55H AAAH A5H 77EH
(Note3)
6
. OFH
Write Protect Set AAAH AAH 554H 55H AAAH ASH 77ERH (Note3)

Note 1: PA = Program Word address, PD = Program Word data
Set the address and data to be programmed. Even-numbered addressesshould be specified here.

Note 2: SA = Sector Erase address, Each sector erase range is selected by address A23 to A13.
Note 3: When apply read protect and write-protect, be sure to program-the data of O0H.

Table 14-21 Hardware Sequence Flags

Status D7 D6
Singte-Word Program D7 Toggle
During auto opera- | Sector Erase/Chip Erase 0 Toggle

tion
Read Protect Set/Write Protect | Cannotbe

Toggl
Set used oggle

Note: D15 to D8 and D5 to DO are “don't care”,
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14.6.1 Single Word Program

The Single Word Program command sequence programs the flash memory on a word basis. The address and
data to be programmed are specified in the 4th bus write cycle. It takes a maximum of 60 us to program a sin-
gle word. Another command sequence cannot be executed until the write operation has completed. This can be
checked by reading the same address in the flash memory repeatedly until the/same-data is read consecutively.
While a write operation is in progress, bit 6 of data is toggled each time it is read.

Note: To rewrite data to Flash memory addresses at which data (including FFFFH) is/already written, make sure to
erase the existing data by “sector erase” or “chip erase” before rewriting data’

14.6.2 Sector Erase (8-Kbyte Erase)

The Sector Erase command sequence erases 8 Kbytes of data'in the flash memory at-a\time:The flash mem-
ory address range to be erased is specified in the 6th bus write Cycle, For the address’range.of each sector, see
Table 14-3. This command sequence cannot be used in Rrogramfmer mode.

It takes a maximum of 75 ms to erase 8 Kbytes. Anather command sequence_cannot be/executed until the
erase operation has completed. This can be checked (by reading the same address.in-the_flash memory repeat-
edly until the same data is read consecutively. While a.erase operation is/in progress, bit 6 of data is toggled
each time it is read.

14.6.3 Chip Erase (All Erase)

The Chip Erase command sequence erases-the entire area of the flash|memory.

It takes a maximum of 300 ms to\erase the entire flash memory. Another command sequence cannot be exe-
cuted until the erase operation-has completed. This can.be checked by reading the same address in the flash
memory repeatedly until the same data is read consecutively. While a erase operation is in progress, bit 6 of
data is toggled each time it is read-

Erase operations clear data/to{FFH.

14.6.4 Product ID_Entry
When the Product ID.Entry command.is executed, Product ID mode is entered. In this mode, the vendor ID,
flash macro)ID, flash size ID, and read/write protect status can be read from the flash memory. In Product ID
mode, the data in the flash memory cannot be‘read.

14.6:5 Product/ID Exit

This command sequence is used to exit Product ID mode.
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14.6.6 Read Protect Set

The Read Protect Set command sequence applies read protection on the flash memory. When read protection
is applied, the flash memory cannot be read in Programmer mode and the RAM Transfer command cannot be
executed in Single Boot mode.

To cancel read protection, it is necessary to execute the Chip Erase command 'sequence. To check whether or
not read protection is applied, read xxx77EH in Product ID mode. It takes a maximurm/of 60 us to set read pro-
tection on the flash memory. Another command sequence cannot be executed/Until the read protection setting
has completed. This can be checked by reading the same address in_the flash/memory repeatedly until the same
data can be read consecutively. While a read protect operation is in progress;-bit’6 of data is toggled each time
it is read.

14.6.7 Write Protect Set

The Write Protect Set command sequence applies write(protection on the flash memory. When write protec-
tion is applied, the flash memory cannot be written to in\Programmer mode’and the-RAM-Transfer command
cannot be executed in Single Boot mode.

To cancel write protection, it is necessary to execute-the Chip Erase command-sequence. To check whether
or not write protection is applied, read xxx77EH.in.Product ID mode. It takes-a maximum of 60 us to set write
protection. Another command sequence cannot-he executed until the-write pfotection setting has completed.
This can be checked by reading the same address.in, the flash memary/repéatedly until the same data can be
read consecutively. While a write protect gperatian is in progress, bit 6~of-data is toggled each time it is read.

14.6.8 Hardware Sequence Flags

The following hardware sequence flags are available to'check the auto operation execution status of the flash
memory.

1. Data polling (D7)

When data)is writteni to the flash memopy/D7 outputs the complement of its programmed data until
the write operationy has completed. After the/write operation has completed, D7 outputs the proper
cell data. By reading D7, therefore, the operation status can be checked. While the Sector Erase or
Chip Erase.command sequence-is beingyexecuted, D7 outputs “0”. After the command sequence is
completed, D7 outputs “1” (celtdata). Then, the data written to all the bits can be read after waiting
far 1 us.

Whenread/write protection is applied, the data polling function cannot be used. Instead, use the
toggle bit (D6) to chéek the operation status.

2.~Toggle bit (D6)

When the Flash.Memaory Program, Sector Erase, Chip Erase, Write Protect Set, or Read Protect Set
command sequence is-executed, bit 6 (D6) of the data read by read operations outputs “0” and “1”
alternately each~time it is read until the processing of the executed command sequence has com-
pleted. The toggle bit (D6) thus provides a software means of checking whether or not the processing
of each command sequence has completed. Normally, the same address in the flash memory is read
repeatedly until the same data is read successively. The initial read of the toggle bit always returns
“1”.

Note: The flash memory incorporated in the TMP91FW60 does not have an exceed-time-limit bit (D5). It is therefore
necessary to set the data polling time limit and toggle bit polling time limit so that polling can be stopped if the
time limit is exceeded.
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14.6.9 Data Read

Data is read from the flash memory in byte units or word units. It is not necessary to execute a command
sequence to read data from the flash memory.

14.6.10Programming the Flash Memory by the Internal CPU

The internal CPU programs the flash memory by using the command sequences and hardware sequence flags
described above. However, since the flash memory cannot be read during auto.operation mode, the program/
erase routine must be executed outside of the flash memory.

The CPU can program the flash memory either by using Single Boot made_ or’by using a user-created proto-
col in Single Chip mode (User Boot).

1. Single Boot:

2.

The microcontroller is started up in Single Boot mode to program the flash.memory-hy the internal
boot ROM program. In this mode, the internal boot RONM-is mapped to an area-including the interrupt
vector table, in which the boot ROM program i§ €xecuted. The flash memoryis mapped to an address
area different from the boot ROM area. The boot'ROM program4doads data-into'the\flash memory by
serial transfer. In Single Boot mode, interrupts.must-be disabled including.non-maskable interrupts
(NMI, etc.).

For details, see " 14.4 Single Boot Mode "
User Boot:

In this method, the flash memary.is programmed-by executing a user-created routine in Single
Chip mode (normal operation‘mode):lythis mode, the user-created program/erase routine must also
be executed outside of the flash~memory. It is_also necessary to disable interrupts including non-
maskable interrupts.

The user should prepare.a-flash memory program/erasé routine (including routines for loading
write data and writing'the loaded data into the €lash memory). In the main program, normal operation
is switched to flash memory programming egperation to execute the flash memory program/erase rou-
tine outside of the flash-memory area. For example,.the flash memory program/erase routine may be
transferred from the flash memory to the internaNRAM and executed there or it may be prepared and
executed-in external-memory.

Fordetails;-see */14.5 UserBoet Made (in Single Chip Mode) *.
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Flowcharts: Flash memory access by the internal CPU

Single Word Program

( Start )

Program command sequence
(See the flowchart below)

Toggle bit (D6) Timeout(60 i s)

Word read
Addr. = Program address

Read [data _matched
ptogram data?

Yes

Word read
Addr.= Program address

Read data matched
program data?

Address = Address/+2

(Even-numbered address/
word units)

Last address?

Program end Abnormal end

Program Command Sequence (Address/Data)

XXXAAAH/AAH

xxx554H/55H

XXXAAAH/AOH

Even—numbered program address (AO = 0)
/ program data (word units)
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Chip Erase/Sector Erase

)

Erase command sequence
(See the flowchart below)

Timéout

Tggle bit (D6)

Read data = blank?
(Note)

Yes

No

(Chip. 300ms/Sector : 75ms)

Erase end

Abnormal end

Note: In Chip Erase, whether or not-the entire flash-memory<{is/blank is checked.

In Sector Erase, whether orinot the’ selectéd sector.is blank is checked.

Chip Erase Command Sequenece

(Address/Data)

Sector Eras€ Command Sequence

(Address/Data)

xxXAAAH/AAH

xxx AAAH/AAH

xxx554H/55H

xxx554H/ 55H

xxXAAAH/80H

xxxAAAH/80H

XxxAAAH/AAH

xxXAAAH/AAH

xxx554H,/55H

xxx 554H/55H

xxXAAAH/10H

Sector address/30H
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Read/Write Protect Set

=

Protect Set command sequence
(See the flowchart below)

Toggle bit (D6)

Timeout (60 ps)

Product ID Entry

Byte read (D7 to DO)
Addr. = xxx77EH

Product ID Exit

Read data matched
program.data?

Protect Set end

Protect Sét Command-Sequence
(Address/Data)

XXXAAAH/AAH

xxx554H/55H

XXXAAAH/A5H

Set read protect
XXx77EH/FOH
Set write protect
XxX77EH/OFH
Set both read protect and write protect

XXX77EH/O0H

Abnormal end
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Data Polling (D7

(s )
1

Byte read  (D7~D0) (Note)
Addr. = VA

(VA: Valid Addresg)

No
D7 = Data ?

Yes

Operation end

Togale Bit (D6)

GO

|

Byte.read (D7 to-D0) :Note
Kddr. = VK

Byte read (D7 to DO) :Nete
Addr. = VA

Yes
D6 = Toggle »?

No

Operation end

Note: Hardware sequence flags are/read from the flash memory in byte units or word units.

VA Single Word Program, VA'denotes the address to be programmed.
tn_Sector Erase, VA denotes any-address in the selected sector.
In Chip Erase, YA(denotes\any address in the flash memory.

In/Read Protect Set,"VA denetes the protect set address (xx77EH).

In Write Protect Set, VA denhates the protect set address (xx77EH).
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Product ID Entry

)

xxxAAAH/AAH

xxx554H/55H

xxxAAAH/90H

Wait for 300nsec or longef
(ID Access and Exit Time=Max_300nsec)
[Product ID mode \start]

Product ID~read
(See the table below)

Read Values in Rroduct ID Mode

Address Read Value
Vendor 1D X¥xx00H 98H
Flash macro ID xxxx02H 42H
Flash size ID xxxx04H 1FH
Read/Write xxxYV 7EH Data_programmed when protection is set.
Protect status Wheh pratection is not set, FFH.

Product ID/Exit

i) =)

xxXAAAH/ AAH xxxxxxH/FOH

Wait for 300nsec or longer
Xxx554H{p5q (ID Access and Exit Time=Max. 300nsec)

xxXAAAH/FOH Product ID mode end

Wait for 300nsec or longer
(ID Access and Exit Time=Max. 300nsec)

Product ID mode end
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(Example: Program to be loaded and executed in RAM)

Erase the flash memory (chip erase) and then write 0706H to address FEOOOOH.

#### Flash memory chip erase processing ####

Id XIX, OXFE0000
CHIPERASE:
Id (OXFEOAAA), OXAA
Id (OXFEO0554), 0X55
Id (OXFEOAAA), 0x80
Id (OXFEOAAA), OXAA
Id (OXFE0554), 0X55
Id (OXFEOAAA), 0x10
cal  TOGGLECHK

CHIPERASE _ LOOP:

Id
cp
j
cp
j

WA, (XIX+)
WA, OXFFFF

ne,CHIPERASE _ ERR

XIX, OXFFFFFF

ULT,CHIPERASE _ LOOP

; set start address

;1st Bus Write Cycle
;2nd Bus Write Cycle
;3rd Bus Write Cycle
;4th Bus Write Cycle
;5th Bus Write Cycle
;6th Bus Write Cycle

; check toggle bit

; read data from flash memory

; blankdata?

; if not blank.data, jump to error processing
; end address’ (OxFFFFFF)?

; check entire memory area-and-then-énd loop processing

##+# Flash memory program processing ####

Id
Id
PROGRAM:

XIX, OxFEO000
WA, 0x0706

(OXEEQAAA)| OXAA
(OXFED554), 0X55
(OXFEOAAA), OXAO
(XIX), WA

TOGGLECHK

BC, (XIX)

WA, BC

ne, PROSRANI( ERR
BC, (XIX)

WA, BC

ne, PROGRAM “ERR

PROGRAM _ END:

i

PROGRAM _ END

; set program address

; set program-data
;1st Bus Write-Cycle
;2nd' Bus’Write Cycle
:3rd Bus-Write/Cycle
;4th Bus Write Cycle
; Check toggle bit

; read data from flash memory

; if programmed data cannot be read, error is determined

; read data from flash memory

; if programmed data cannot be read, error is determined

; program operation end
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##H# Toggle bit (D6) check processing ##H#

TOGGLECHK:

Id L, (XIX)

and L, 0y01000000 ; check toggle bit (D6)

Id H, L ; save first toggle bit data
TOGGLECHK1:

Id L, (XIX)

and L, Oy01000000 ; check toggle bit (D6)

cp L. H ; toggle bit = toggled?

i z, TOGGLECHK2 ; if not toggled, end processing

Id H, L ; save current toggle bit state

i TOGGLECHK1 ; recheck toggle bit
TOGGLECHK2:

ret

. Error processing ##H
CHIPERASE _ERR:
i CHIPERASE _ ERR ; chip erase error

PROGRAM _ ERR:
j PROGRAM _ ERR .program error
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(Example: Program to be loaded and executed in RAM)
Erase data at addresses FFOO00H to FF1FFFH (sector erase) and then write 0706H to address FFOO00H.

#### Flash memory sector erase processing ###

Id XIX, OXFF0000
SECTORERASE:

Id (OXFEOAAA), OXAA

Id (OXFE0554), 0X55

Id (OXFEOAAA), 0x80

Id (OXFEOAAA), OXAA

Id (OXFE0554), 0X55

Id (XIX), 0x30

cal  TOGGLECHK

SECTORERASE _ LOOP:

Id
cp
j
cp
j

WA, (XIX+)
WA, OXFFFF

ne,SECTORERASE _ ERR

XIX, OXFF1FFF

ULT,SECTORERASE _LOOP

; set start address

;1st Bus Write Cycle
;2nd Bus Write Cycle
;3rd Bus Write Cycle
;4th Bus Write Cycle
;5th Bus Write Cycle
;6th Bus Write Cycle

; check toggle bit

; read data from flash memory

; blank!data?

; if not blank.data, jump to error processing
; end address’ (OxFF1FFF)?

i check erased sectorarea-and'then-end loop processing

###H# Flash memory program processing ####

PROGRAM:

Id
Id

XIX, OxFF0000
WA, 0x0706

(OXEEQAAA)| OXAA
(OXFED554), 0X55
(OXFEOAAA), OXAO
(XIX), WA

TOGGLECHK

BC, (XIX)

WA, BC

ne, PROSRANI( ERR
BC, (XIX)

WA, BC

ne, PROGRAM “ERR

PROGRAM _ END:

i

PROGRAM _ END

; set program address

; set program-data

;1st Bus Write-Cycle

;2nd' Bus’Write Cycle

:3rd Bus-Write/Cycle
;4th Bus Write Cycle

; Check toggle bit

; read data from flash memory

; if programmed data cannot be read, error is determined

; read data from flash memory

; if programmed data cannot be read, error is determined

; program operation end
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##H# Toggle bit (D6) check processing ##H#

TOGGLECHK:

Id L, (XIX)

and L, 0y01000000 ; check toggle bit (D6)

Id H, L ; save first toggle bit data
TOGGLECHK1:

Id L, (XIX)

and L, Oy01000000 ; check toggle bit (D6)

cp L. H ; toggle bit = toggled?

i z, TOGGLECHK2 ; If not toggled, end processing

Id H, L ; save current toggle bit state

i TOGGLECHK1 ; Recheck toggle bit
TOGGLECHK2:

ret

#H#HE Error processing ##Ht
SECTORERASE _ ERR:
j SECTORERASE _ ERR ; sector.erase erfor

PROGRAM _ ERR:
j PROGRAM _ ERR .program error
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(Example: Program to be loaded and executed in RAM)

Set read protection and write protection on the flash memory.

#### Flash Memory Protect Set processing ####

Id XIX, OXFEO77E
PROTECT:

Id (OXFEOAAA), OXAA

Id (OXFEO0554), 0X55

Id (OXFEOAAA), 0XA5

Id (XIX), 0X00

cal TOGGLECHK
cal PID _ ENTRY

Id A, (XIX)
Ical PID _ EXIT
cp A, 0x00

i ne, PROTECT _ ERR

PROTECT _ END:
i PROTECT _END

PROTECT _ERR:
j PROTECT _ERR

;###H# Product ID Entry processing ###H
PID _ ENTRY:

Id (OXEEQAAA) | OXAA

Id (OXFED554), 0x55

Id (OXFEOAAA), 0X90

; set protect address

;1st Bus Write Cycle
;2nd Bus Write Cycle
;3rd Bus Write Cycle
;4th Bus Write Cycle

; check toggle bit

; read protected address

;(OXFEO77E)=0x002
; protected?

; protect Set operation completed

s protect set error

;1st Bus Write-Cycle

;2nd' Bug’Write Cycle
:3rd Bus-Write/ Cycle

; --- wait for 300-nsec or longer (execute NOP instruction [200nsec/@frp=20MHz] two times) ---

nop
nop

ret

JHH#Product ID EXibprocessing ##
PID EXIT:
Id (0OXFE0000);.0xE0

. Wait for 400 nsec

;1st Bus Write Cycle

i/--- wait for 300 nsec or longef (execute NOP instruction [200nsec/@frp;=20MHz] two times) ---

nop
nop

ret

; wait for 400 nsec
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### Toggle bit (D6) check processing ####

TOGGLECHK:

Id L, (XIX)

and L, 0y01000000 ; check toggle bit (D6)

Id H, L ; save first toggle bit data
TOGGLECHK1:

Id L, (XIX)

and L, Oy01000000 ; check toggle bit (D6)

cp L. H ; toggle bit = toggled?

i z, TOGGLECHK2 ; if not toggled, end processing

Id H, L ; save current toggle bit state

i TOGGLECHK1 ; recheck toggle bit
TOGGLECHK2:

ret

(Example: Program to be loaded and executed in RAM)
Read data from address FEOOOOH.

##H# Flash memory read processing ###
READ:
Id WA, (OXFEO000) ;read data from flash memory,
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15. Electrical Characteristics

15.1 Absolute Maximum Ratings

Parameter Symbol Pin name Rating Unit
Supply voltage Vee -0.5t0'6.0 \Y,
Input voltage ViN -0.5f0Vc3+ 0.5 Vv
Output current (Per pin) loL1 P5, P6, P96, P97 2 mA

. PO, P1, P2, P3, P4, P7, P8, P90-P95,
Output current (Per pin) loL2 PA PB, PZ 5 mA
Output current (Per pin) loH1 P5, P6, P96, P97 -2 mA
Output current (Per pin) lor PO, P1, P2, P3, P4, P7, P8, P90-R95, " A
PA, PB, PZ

Output current (Total) 2oL 80 mA
Output current (Total) 2 lon -80 mA
Power dissipation (Topr = 85°C) | PD 600 mw
Soldering temperature (10 s) TsoLpER 260 °C
Storage temperature Tste —-65-10-150 °C
Operating temperature Topr #40 to 85 °C

Note: Absolute maximum ratings are limiting values of operating and/environmentat-eonditions which should not be exceeded
under the worst possible conditions. The equipment manufactufer should design so that no absolute maximum rating value
is exceeded. Exposure to conditions /beyond. these listed above may cause permanent damage to the device or affect
device reliability, which could increase potential\risks of personal injury due t0 IC blowup and/or burning.

Solderability of lead free products

Test Parameter Test Condition Note

Use of Sn-37PH solderBath
Solder bath tempefature / 230 °C, Dipping time 5s]

The'number of times One, Use of R-type flux Pass:
Solderability solderability rate until forming
Use of 3n-3:0Ag-0.5 Cu solder Bath > 95%

Solder bath temperature 245°C, Dipping.time 5 [s]
The number-of times One, Use.of R-type flux (Use of lead free)
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15.2 DC Electrical Characteristics

Parameter Symbol Condition Min Typ. Max Unit
(AVcc =DVcc) fc = 4 to 20 MHz a5 55
(AVgg = DVgg = 0V) fs =30 to 34 kHz ' '
Power
supply for erase/program operations of Vee v
voltage flash memory fc =4 to 20 MHz 475 525
(AVcc =DVcc) Topr = -10t0 40 °C : '
(AVgs =DVgs=0V)
P00 to P17(ADO to AD15) Vi 0.8
P20 to P27, PZ0 to PZ3 Vi1 0.3 Ve
Low-level
input volt- | RESET, NMI, P30 to PB3 V2 Vec=45t055V -0.3 0.25 Ve \%
age
g AMO, AM1 Vi3 0.3
X1 ViLa 0.2\
P00 to P17(ADO to AD15) Viy 22
) P20 to P27, PZ0 to PZ3 Vi 0.7 Vee
High-level
input volt- | RESET, NMI, P30 to PB3 ViH2 Vcc=4.51055V 0.75 Ve Veoe/+ 0.3 \%
age
’ AMO, AM1 ViHz Ve - 0.3
X1 ViHa 0.8 Vg
loL =46 mA
Low-level output voltage Vo (Vea #4555 V) 0.45 v
lofy = ~400.pA
Of K >
(Mgp=4.5165.5V)
High-level output voltage Vou \V
lon= -6 mA
24
(Vgc/=4.5t05.5V)
Input leakage current It 0.0<V|y<Vce 0.02 +5
HA
Output leakage current Lo 0.2 <V)y< Ve 0.2 0.05 +10
Power down volt; Vi =0.2V,
VY W Avo E.lge . VsTop 2 F 2.0 55 \%
(while RAM is being backed up in STOP madeg) Vin2 =0.8 Ve
RESET pull-up resistor RRrsT Vec=4/5105.3V 50 230 kQ
Pin capacitance Cio fc =1 MHz 10 pF
Schmitt width
—_ \/ Vee=451055V X .
RESET, NMI, INTO u ce 0.4 10 v
Programmable pull;up resistor RKH Vce=45t055V 50 230 kQ
NORMAL (Note 2) 25 35
Vec=45t055V
IDLE2 8 15 mA
fc =20 MHz
IDLE1 35 8
Vec=45t055V
SLOW (Note™2) i 80 100 pA
c¢ fs = 32.768 kHz
Topr < 50°C 10
Vec=4.5t0
STOP T <70°C 0.5 25 A
OPR 55V "
Topr < 85°C 50
Peak current for Intermittent operation (Note 3,4) loppp | Vop=55V - 20 - mA

Note 1: Typical values show those at Topg = 25°C and VDD =5 V.

Note 2: |cc measurement conditions (NORMAL, SLOW): All functions are operational; output pins are open and input pins are
level fixed. Data and address bus CL = 30 pF loaded.

Note 3: When a program is executing in the flash memory or when data is being read from the flash memory, the flash memory
operates in an intermittent manner, causing peak currents in the operation current, as shown in Figure 15-1.
In this case, the supply current Icc (in NORMAL and SLOW modes) is defined as the sum of the average peak current

and MCU current.
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Note 4: When designing the power supply, make sure that peak currents can be supplied. In SLOW1 mode, the difference
between the peak current and the average current becomes large.

1 machine cycle (4/fc or 4/fs)
o —

Program coutner (PC) :):( n ):( n+1 X n+2 X n+3 X

-n-- <—Momentary flash current

momentary flash current

Max. current
/
and’MCU current

Sum-of average
/Typ. current }

-
MCU current

Figure 15-1 Intermittent Operation of Flash-Memory
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15.3 AC Characteristics

15.3.1 Vee =5.0 V + 10%

Variable fepn = 20MHz
No. Parameter Symbol Unit
Min Max Min Max
1 fepy period (= x) tepH 50.0 31250 50.0 ns
2 A0 to A15 valid — ALE falling taL 0.5x-15 10 ns
3 ALE falling — A0 to A15 hold fLa 0.5x-15 10 ns
4 ALE high pulse width L x —20 30 ns
5 | ALE falling —> RD/WR falling tic 0.5x-20 5 ns
6 RD rising —> ALE rising ter 0.5x415 10 ns
7 WR rising —> ALE rising teiw X =15 35 ns
8 | AOto A15 valid —> RD/WR falling tacL X~25 25 ns
9 | AOto A21 valid —> RD/WR falling tacH 15 -50 25 ns
10 | RD rising —> A0 to A21 hold téak 0.5x-20 5 ns
11 | WR rising —> A0 to A21 hold tcaw X —20 30 ns
12 A0 to A15 valid — DO to D15 input tADL 3.0x A5 105 ns
13 | AOto A21 valid —> DO to D15 input tADH 35 x =35 140 ns
14 | RD falling — DO to D15 input trD 2.0\ +40 60 ns
15 RD low pulse width trRR 2.0x -20 80 ns
16 | RD rising — DO to D15 hold tHr 0 0 ns
17 | RD rising — AO to A15 output tRAE x 15 35 ns
18 | WR low pulse width tww 1.5%x=20 55 ns
19 | DO to D15 valid —> WRTising tow 1.5% 50 25 ns
20 | WR rising —> DO t6 P15 hold tvips x-15 35 ns
21 A0 to A23 valid to WAIT ihput ((1+N) WAIT mode) tAWH 3.5x - 90 85 ns
22 A0 to A15 valid to WAIT input ((1:+N) WAIT mode) tawe 3.0x - 80 70 ns
23 | WAIT hold-afteyRD/WR asserted((1+N) WAIT mode) tow 2.0x+0 100 ns
24 | AO to A21 validt—>Port/input tapPH 3.5x -120 55 ns
25 | AO to AZ1valid =~ Port hold taPH2 3.5x 175 ns
26 AD-to A21 valid ) Port valid tap 3.5x + 100 275 ns

AC measuring conditions
* Output level:High.0:7Vc/Low 0.3V, CL = 50 pF

* Input level:High 0.9Vc/Low 0.1V
Note: Symbol “x” in the above table means the period of clock “fepy”, it's half period of the system clock “fgyg” for

CPU core. The period of frpy depends on the clock gear setting or the selection of high-/low-oscillator fre-
quency.
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15.3.2 Read cycle

1 1 1
1 1 1 1
|!(:\ M\ | f— | f— | —

fepn 1 1 1

A0~A23

RIW

WAIT

) . .
wes y
_? i i

Port Input

RD

ADO~AD15

ALE

Note: Since the CPU accesses the internal areato read data from a porf, the control signals of external pins such as RD and CS
are not enabled. Therefore, the above waveform diagram should-be regarded\as depicting internal operation. Please also
note that the timing and AC characteristics of port input/output shown-above jare typical representation. For details, contact
your local Toshiba sales representative:

Figure 15-2 Read cycle
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15.3.3 Write cycle

fepn

A0~A23

T

I~
—T

[ : : tap : >
1 1 1 1 1
Port Output ;¥) ! ! ! ! X !
' ' ' < teaw. |
o 1 1 \l | t 1 21
WR, HWR | : | A —— >, |
: : ot ol ey )
I Y ™l N >
ADO~AD15  «-tssrsracacacs { A0-A15 X DO~D15* iy
1 ! [
: : toiw !
1

ALE \/ N\

1
I
1
A
1
1
1
L
1

Note: Since the CPU accesses the internal area to write data to a port, the eontrol/Signals of external pins such as WA and CS are
not enabled. Therefore, the waveform diagram should be regarded as depicting internal operation. Please also note that the
timing and AC characteristics of pert input/output shown abgve are typical representation. For details, contact your local

Toshiba sales representative.

Figure 15-3 Write cycle
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15.4 AD Conversion Characteristics

AVcc = Vee: AVss = Vss

Parameter Symbol Variable Min Typ. Max Unit
Analog reference voltage (+) VREFH Vee-15V Vee Vee \Y;
Analog reference voltage (-) Avss Vss Ves Vgs+0.2V %
Analog input voltage range Vain Ayss VREFH \

Analog current for analog v 451055V
cc=% :

reference voltage Irer V.44, 2.00 mA
<VREFON>=1 (Avss =0V)
<VREFON>=0 0.02 5.0 pA
Error
- +1.0 +4.0 LSB

(Not including quantizing errors)

Note 1: 1LSB = (VREFH - Avss)/1024 [V]

Note 2: The operation above is guaranteed for fgpy = 4 MHz.
Note 3: The value for ¢ includes the current which flows through the ‘A{cc pin.
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15.5 Serial Channel Timing (I/O internal mode)

15.5.1 SCLK input mode

Variable 20 MHz 16 MHz
Parameter Symbol Unit
Min Max Min Max Min Max
SCLK period tscy 16x 800 1000 ns

o . tscy/2 — 4x -85
Output data — SCLK rising/falling edge* toss v, 5V + 10%) 115 165 ns
cc =2V = 1U%

SCLK rising/falling edge* — Output data hold tons tscy/2 +2x+0 500 625 ns
SCLK rising/falling edge* — Input data hold thsr 3x + 10 160 198 ns
SCLK rising/falling edge* — Valid data input* tsrD tspy,~ 0 800 1000 ns
Valid data input — SCLK rising/falling edge* trRDs 0 0 0 ns

Note: Symbol “x” in the above table means the period of clock“fgpy”, it'S half period of the-system-cleck “fgys” for CPU core. The

period of fepy depends on the clock gear setting or the selection of high-/low-oscillator frequency.

15.5.2 SCLK output mode

Variable 20 MHz 16 MHz
Parameter Symbol Unit
Min Max Min Max Min Max

SCLK period tscy 16x 8192x 0.8 410 1.0 512 us
Output data — SCLK rising/falling edge* toss tscy/2 — 40 360 460 ns
SCLK rising/falling edge* — Output data

gitalling edge” — Lulp fons tsoy/2 - 40 360 460 ns
hold
SCLK rising/falling edge* —/Input data hold thsr 0 0 0 ns
SCLK rising/falling edge* — Valid data
_ ising/falling edge* — Vali tsrp tscy — 1x - 90 660 847 ns
input
Valid data input - SCLK rising/fallin
. dg'le* fnput = Sing/ating tros 14X 390 140 153 ns

Note 1: *: SE€tKrising/falling edge:The rising edge is used in SCLK rising mode.
The falling‘edge is used in SCLK falling mode.

Note-2: 20 MHz and 16 MHz values-are calculated from tgcy = 16x case.
Note 3:.Symbol™x” in the above table means\the period of clock “frpy”, it's half period of the system clock “fgyg” for CPU core. The
periodof frpy depends/on the ctlock/gear setting or the selection of high-/low-oscillator frequency.

tscy
SCLK < >

(rising edge)
SCLK

' 1 [
(falling edge) t : |

OSS 3 1 g OHS
» < >

<

Output data \ 0 1 2 3

TP : | tSRl;K 1 'Rps, TR, X X

Rkb o X X X Xz XX X
Valid Valid Valid Valid
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15.6 Event Counter

TAOIN, TA4IN, TBOINO, TBOIN1, TB1INO,TB1IN1, TB2INO,TB2IN1, TB3INO,TB3IN1, TB4INO,TB4IN1

Variable 20 MHz 16 MHz
Parameter Symbol Unit
Min Max Min Max Min Max
Clock period tyck 8x + 100 500 600 ns
Clock low-level width tyekL 4x + 40 240 290 ns
Clock high-level width tvckH 4x + 40 240 290 ns

Note: Symbol “x” in the above table means the period of clock “fpy”, it's half-period of the system clock “fsys” for CPU core. The

period of fzpyy depends on the clock gear setting or the selection of/high-/low-oscillator frequency.
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15.7 Interrupt and Capture

15.7.1 NMI, INTO interrupts

Variable 20 MHz 16 MHz
Parameter Symbol Unit
Min Max Min Max Min Max
NMI, INTO low-level width tNTAL 4x + 40 240 290 ns
NMI, INTO high-level width UNTAH 4% + 40 240 290 ns

Note: Symbol “x” in the above table means the period of clock “fpy”, it's half peried ofthe-system clock “fgys” for CPU core. The

period of fzpy depends on the clock gear setting or the selection of high-/low-oscillatot frequency.

15.7.2 INT1 to INT210 interrupts, capture

INT1 to INT10 input pulse width depend on the system clock selection.and clock selection for prescaler.
Below table show pulse width of each operation clock:

tNTRL GnTBA
System Clock ) g - )
Selection Clock Selection for | (INT1 to INT10 low.Jevel pulse width) | (INT1 to INT20_high/tevel pulse width)
Prescaler SYSCRO - A Unit
SYSCR1 <PRCK1> Variable frppr= 20MHz Variable fepn = 20 MHz
<SYSCK> - X R .
Min Min Min Min
0 (frpr) 8x + 100 500 8x 200 500 ns
0 (fc)
1 (fc/16) 128xc +0.1 6.5 128x¢'+/0.1 6.5
us
1 (fc) 0 (frph) 8X+0.1 244.3 8x A4 0.1 244.3

Note 1: “xc” shows period of clock fc in high frequency oscillator.
Note 2: Symbol “x” in the above table.means the period of clock “frpy-t’s half period of the system clock “fsyg” for CPU core. The
period of frpy depends jon the’clock gear setting or the-selection of high-/low-oscillator frequency.
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15.8 SCOUT Pin AC Characteristics

Variable 20 MHz 16 MHz
Parameter Symbol Condition Unit
Min Max Min Max Min Max
Low-level width tscH 0.5T-15 10 16 Ve 24.5V ns
High-level width tscL 0.5T-15 10 16 Vee > 4.5V ns

Note: T = Period of SCOUT
Measuring conditions
Output level: High = 0.7 V¢, Low = 0.3 Ve, CL = 10 pF

tscH

tscL
SCOUT

15.9 Flash Characteristics

15.9.1 Write/Retention Characteristics

(Vss=0V)
Parameter Condition Min Typ. Max. Unit
Vgs=0V
Number of guaranteed writes to flash memory | fc '4t020 MHz — — 100 Times
Topr\=-10 to 40°C
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15.10 Recommended Oscillating Conditions

The TMP91FW60 has been evaluated by the oscillator vender below. Use this information when selecting external

parts.
Lot Lok
I

(1) High-frequency Oscillation (2) Low-frequency Oscillation

Note 1: To ensure stable oscillation, the resonator position, load capacitance; etc..must be appropriate. Because these factors are
greatly affected by board patterns, please be sure to evaluate opération on th