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Preface

Thank you very much for making use of Toshiba microcomputer LSIs.
Before use this LSI, refer the section, “Notes and Restrictions”.

Especially, take care below cautions.

**CAUTION**
How to release the HALT mode

Usually, interrupts can release all halts stats. However, the interrupts = (NMI,
INTO, INTRTC), which can release the HALT mode may not be able to do so if
they are input during the period CPU is shifting to the HALT mode (for about 5
clocks of fgpn) with IDLEL or STOP mode (IDLEZ2 is not applicable to this case).
(In this case, an interupt request is kept-on hold internally.)

If another interupt is generated after it has shifted to HALT mode completely,
halt status can be released without difficultly. The priority of this interrupt is
compare with that of the interrupt kept on hold internally, and the interrupt with
higher priority is handled first followed by the other interrupt.




TOSHIBA TMP91CU27/CP27/CK27

CMOS 16-Bit Microcontrollers
TMP91CU27UG/TMP91CP27UG/TMP91CK27UG/TMP91CU27FG

1. Outline and Features

The TMP91CU27/CP27/CK27 are high-speed 16-bit microcontrollers designed for the control of
various mid- to large-scale equipment.

The TMP91CU27UG/CP27UG/CK27UG/CU27FG come in a 64-pin flat package respectively.
Listed below are the features.

Product Name RAM ROM Package
TMP91CU27UG 10KB 96KB

TMP91CP27UG 4KB 48KB LQFP64-P-1010-0.50D
TMP91CK27UG 1KB 24KB

TMP91CU27FG 10KB 96KB QFP64-P-1414-0.80A

(1) High-speed 16-bit CPU (900/L1 CPU)
e Instruction mnemonics are upward-compatible/with TLCS-90/900
e 16 Mbytes of linear address space
e  General-purpose registers and register banks
e  16-bit multiplication and division instructions; bit transfer-and/arithmetic instructions
e Micro DMA: 4 channels (593 ns/2 bytes at 27 MHz)
RESTRICTIONS ON PRODUCT USE
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e The information contained herein is subject to change without notice.

e TOSHIBA is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor

devices in general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical
stress. It is the responsibility of the-buyer, when utilizing TOSHIBA products, to comply with the standards of safety
in making a safe design for the ‘entire system, and to avoid situations in which a malfunction or failure of such
TOSHIBA products could cause loss of human life, bodily injury or-damage to property.
In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as
set forth in the most recent TOSHIBA products specifications. Also, please keep in mind the precautions and
conditions set forth in the “Handling Guide for Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability
Handbook” etc.

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

e 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 implication or otherwise under any patents or other rights of TOSHIBA or the third
parties.

e 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 substances. Toshiba assumes no liability for damage or losses occurring
as a result of noncompliance with applicable laws and regulations.
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TOSHIBA TMP91CU27/CP27/CK27

(2) Minimum instruction execution time: 148 ns (at 27 MHz)
(3) External memory expansion
Expandable up to 16 Mbytes (Shared program/data area)
Can simultaneously support 8-/16-bit width external data bus (Dynamic data bus sizing)
(4) 8-bit timers: 6 channels
(5) 16-bit timers: 1 channel
(6) General-purpose serial interface: 2 channels
e UART/Synchronous mode: 2 channels
e IrDA Ver.1.0 (115.2 kbps) mode selectable: 1 channel
(7) Serial bus interface: 1 channel
e I2C bus mode/clock synchronous mode selectable
(8) 10-bit AD converter (Sample hold circuit is inside): 4 channels
(9) Watchdog timer
(10) Special timer for CLOCK
(11) Chip select/wait controller: 4 blocks
(12) Interrupts: 34 interrupts
e 9 CPU interrupts: Software interrupt instruction-and illegal instruction
e 21 internal interrupts: 7 priority levels are selectable
e 4 external interrupts: 7 priority levels are selectable
(among 3/interrupts are selectable edge mode)
(13) Input/output ports: 53 pins

(14) Standby function
Three HALT modes: IDLE2 (Programmable); IDLE1 and STOP

(15) Clock controller
o  Clock gear function? Select a high-frequency clock fc to fc/16
e Special timer for CLOCK (fs = 32.768 kHz)
(16) Operating voltage
e V=27V t0 3.6V (fc max = 27 MHz)
e /Vcc=1.8Vto3.6V (fe max =10 MHz)
(17) Package
o ~LQFP64-P-1010-0.50D (TMP91CU27UG, TMP91CP27UG, TMP91CK27UG)
e QFP64-P-1414-0.80A (TMP91CU27FG)
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TOSHIBA TMP91CU27/CP27/CK27
—_— <1—DVCC
ADTRG (P53)_L ] CPU (TLCS-900/L1 <«{—DVSS
ANO to AN3—> . . High-speed {«1—x1
(P50 to P53) 10-bit ;((\éVCA \év é oscillator 1> X2
AVCC, AVSS — 4-ch AD XDE DIE Clock gear
’ converter XHL H|L 9
i:é :é Low speed |<—XT1.(P96)
TXDO (P90 & Z oscllater ::»)éTEzsgw)
RXDO EPng [siouarTamal [XSP SP <m0
a0 (Channel 0) < 32hits — <= am1
SCLKO/CTS0 (P92) <1~ SR ASAE
TXD1 (P93) > 510/UART Port 0. <> (P00 to P07)
RXD1 (P94) <1~ (Channel 1) ADO to AD7
SCLK1/CTS1 (P95) <> Port 1) [«t+> (P10 to P17)
Watchdog ADB8/A8 to AD15/A15
SO/ggﬁ (Eg? 5| Serialbus timer LU g Yl
<1
sI/ScL EPGZ; 5| interface (WDT)
L 1> RD/(P30)
TAGIN (P70 <lo] &It mer Special timer Port 3 T WR (P31)
(P70) (TMRAO) for CLOCK > HWR (P32)
TALOUT (P71) <> 8-bit timer
(TMRA1)
8-bit timer
(TMRA2)
TA30UT (P72)<fo{ B8-Dittimer (P40 to P42)
(TMRA3) CS/WAIT g
Py 10-Kbyte RAM controller [T~
-bit timer (4 blocks)
TA4IN (P73) <P 1yrAd) -
Y5 Interrupt [T
TA50UT (P74) <> 8-bit timer controller [T~ INTO (P63)
(TMRADB)
16-bit timer [T TBOINO/INT5 (P80)
A avreo) [T TBOIN1/INT6 (P81)
96-Kbyte ROM 1> TBOOUTO (P82)
!> TBOOUT1 (P83)

( ): Initial function after resert

Figure 1.1 TMP91CU27 Block Diagram
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TOSHIBA TMP91CU27/CP27/CK27
<1—DVCC
ADTRG (P53) CPU (TLCS-900/L1) <~—DVSS
ANO to AN3—>| : High-speed [«— X1
10-bit 4-ch | |XWA WIA i L
(P50 to P53) AD XBC BlC oscillator > X2
_ converter XDE DIE
AVCC, AVSS—> XHL 1NN Clock gear
XIX 1X —
Low speed |<T—XT1 (P96)
i:\z( :; oscillgtor —>XT2 (P97)
<= RESET
;§88 Egg% [[sioarTamal [XSP SP dZamo
SCLKO/CTS0 (P92)<fo{ (Channel 0) <32 bits— <—AM1
srR[_TF] —> ALE
TXD1 (P93) ] (P00 to PO7)
RXD1 (P94) <> SIO/UART Port0 <> ADO to AD7
SCLK1/CTS1 (P95) <t~ (Channel 1) Port1 k> (P10 to P17)
ADB8/A8 to AD15/A15
SCK (P60) «{>| Serial bus Watchdog Port 2 1> (P20 to P25)
SO/SDA (P61) <> interface timer AO/A16/'to A5/A21
SI/SCL (P62) <> (SBI) (WDT) .
> RD (P30)
TAOIN (P70) <l 8-bit timer Special timer Port 3 T WR (P31)
(P70 (TMRA 0) for GLOCK > HWR (P32)
TALOUT (P71)<f| SPitUMer
(TMRA 1)
8-bit timer
(TMRA 2)
8-bit timer
TASOUT (P72)<™1 (TMRA 3) CSIWAIT
4-Kbyte RAM controller | [T~ (P_40 to PiZ)
8-bit timer (4 blocks) CS0 to Cs2
TA4IN (P73) <1 (TR 4) 1
e Interrupt —
8-bit timer <> INTO (P63
TAS0UT (P74) <> (TMRA 5) controller (P63)
o <> TBOINO/INTS (P80)
16-bit timer L1 TBOIN1/INT6 (P81)
48-Kbyte ROM (TMRBO) > TBOOUTO (P82)
1> TBOOUT1 (P83)

( ): Initial function after resert

Figure 1.2 TMP91CP27 Block Diagram

91CuU27-4

2008-01-24



TOSHIBA TMP91CU27/CP27/CK27
—_— <1—DVCC
ADTRG (P53) 1, oo CPU (TLCS-900/LL) < Dpvss
ANO to AN3—> — High-speed [e— X1
(P50 to P53) 4-chAD | | XWA WA oscillator > X2
converter XBC BIC
XDE D|E
AVCC, AVSS — XHL alL Clock gear
XIX IX -
Low speed [«—XT1 (P96)
;((:; II\Z( oscillator [TT>XT2 (P97)
TXDO (P90) <1~ XSP SP <1 RESET
RXDO (P91) <J| SIO/UART/IDA = < Amo
=0 (Channel 0) < its = <~ —AM1
>
SCLKO/CTSO0 (P92) <« SR L ALE
P
TXD1 (P93) > 50/UART Port 0  j<1~/(P0O to P07)
RXDL (PO ol o Q ADO to AD7
SCLK1/CTS1 (P95) <> Port-1 - [«t> (P10 to P17)
Watchdog ADB8/A8 to AD15/A15
Soég}; (Eg? 5| Serialbus timer Por2 T Soate toabiaz1
PR
sI/ScL EPGZ; 5| interface (WDT)
1> RB (P30)
8-bit timer Special timer > WR (P31)
TAON (P70 <P 1rA0) for CLOCK Port3 L 1, AWR (P32)
TALOUT (P71)«f»| B8-Pittimer
(TMRA1)
8-bit timer
(TMRA2)
TA3OUT (P72)«f»{ EDittimer cohar (P40 to P42)
(TMRA3) €S0 to CS2
1-Kbyte RAM controller— [T~
8-bit timer (4 blocks)
TA4IN (P73) <1 (TMRA4) NI
77 Interrupt [T
TASOUT (P74)«f»| S-bittimer controller [ INTO (P63)
(TMRAS)
16-bit timer [T TBOINO/INT5 (P80)
1> TBOIN1/INT6 (P81)
24-Kbyte ROM (TMRBO) L {5 TROOUTO (P8Y2)
1> TBOOUT1 (P83)

( ): Initial function after resert

Figure/1.1 TMP91CK27 Block Diagram
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TOSHIBA TMP91CU27/CP27/CK27

2. Pin Assignment and Pin Functions
The assignment of input/output pins for the TMP91CU27/CP27/CK27, their names and
functions are as follows:
2.1 Pin Assignment Diagram
Figure 2.1.1 shows the pin assignment of the TMP91CU27/CP27/CK27.

P61/SO/SDA  [57 56| P60/SCK
P62/SI/SCL 58 55| Pazicss
P63/INTO 59 54| P41/csi
PS0/ANO 60 53| P40/Gso
PS1/ANL 61 52| P32/AWR
P52/AN2 62 51| P31/ WR
P53/AN3/ ADTRG |63 150| P30/RD
AvCC 64 IJ_l—‘a,g P25/A5/A21
AVSS TH °® | Has| p2aiaaiazo
P70/TAOIN 2H] | Ha7| P23/asiae
P71/TALOUT 3H] I Hase| P22/a2/A18
P72/TA30UT 4H [ Ho4s| p2yavia?
P73/TA4IN sH] [ Haa[ P20/A0IAL6
P74/TASOUT 6H | [ H43| P17/AD15/A15
PBO/TBOINO/INTS| 7] [H42| P16/AD14/A14
P81/TBOIN1/INT6| 8H | Top view 41| P15/AD13/A13
P82/TBOOUTO [ 9™ LQFP64, QFP64 [ Hao| p1a/AD12/A12
P83/TBOOUTL  [10H{] [ H3o| P13/ADIT/ALL
P9O/TXDO 1] [T138] P12/AD10/A10
P91/RXDO 12H] [ H37| P11/AD9/A9
P92/SCLKO/ 755 |13 H | [ 1-36| P10/AD8/AB
PO3/TXD1 14H] [~3s| Po7/aD7
P94/RXD1 15H] [ Ha4| Pos/ans
P5/SCLK1/ CT51 (16 33| PO5/ADS
AMO 17—|T| IT|—32 PO4/AD4
pvcc 18 31| Po3/AD3

X2 19 30| Po2/AD2
DVSS 20 29| PO1/AD1

X1 21 28| P00/ADO
AML 22 27| ALE

RESET 23 26| NMI
PO6/XTL 24 25| P97/XT2

Figure 2.1.1 Pin Assignment Diagram (64-pin LQFP, 64-pin QFP)
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TOSHIBA

TMP91CU27/CP27/CK27

2.2 Pin names and Functions

The names of the input/output pins and their functions are described below.
Table 2.2.1 to Table 2.2.3 show pin names and functions.

Table 2.2.1 Pin Names and Functions (1/3)

Pin Names Num.ber I/0 Functions
of Pins
POO0 to PO7 8 1/0 Port 0: 1/O port that allows 1/0O to be selected at the bit'level
ADO to AD7 110 Address data (Lower): 0 to 7 of address/data bus
P10 to P17 8 1/0 Port1: I/0O port that allows I/0 to’be selected at the bit level
ADS8 to AD15 110 Address data (Upper): 8 to 15 of address/data bus
A8 to A15 Output Address: 8 to 15 of address bus
P20 to P25 6 1/0 Port 2: 1/0O port that allows 1/O to be selected at the bit level
A0 to A5 Output Address: 0 to 5 of address bus
Al6 to A21 Output Address: 16 to 21 of address'bus
P30 1 Output Port 30: Output port
RD Output Read: Strobe signal for reading external memory when read internal area
also, output RD'.by setting to P3<P30> =0, P3FC<P30F> = 1.
P31 1 Output Port 31: Output port
WR Output Write: Strobe signal for.writing data to pins ADO to-AD7
P32 1 110 Port 32: I/0_port (with pull-up resistor)
HWR Output High write: Strobe signal for writing data to-pins AD8 to AD15
P40 1 110 Port 40: I/O port (with pull-up resistor)
CS0 Output Chip-select 0: Outputs “0” when address’is within specified address area.
P41 1 I/0 Port41: 1/0-port (with pull-up resistor)
Csi Output Chip select 1: Outputs “0” when address is within specified address area.
P42 1 110 Port-42: 1/0 port (with pull-up resistor)
Cs2 Output Chip select 2: Outputs “0” when.address is within specified address area.
P50 to P53 4 Input Port-5: Input port
ANO to AN3 Input Analog input: Analog input pins of the AD converter
ADTRG Input AD trigger: Pin used.-for-request AD start (Shared with P53).
P60 1 110 Port 60: I/O port
SCK /O Serial bus interface clock’1/O at SIO mode
P61 1 /0 Port 61: I/O port
SO Output Serial bus interface send data at SIO mode
SDA 110 Serial bus interface send/receive data at I°C mode
Open-drain output mode by programmable
P62 1 1/0 Port 62: I/O port
Sl Input Serial bus'interface receive data at SIO mode
SCL 110 Serial bus interface clock I/O at I°C mode
Open-drain output mode by programmable
P63 1 1/0 Port 63: 1/O port (Schmitt input)
INTO Input Interrupt request pin O: Interrupt request pin with selectable
level/rising/falling edge
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TOSHIBA TMP91CU27/CP27/CK27
Table 2.2.2 Pin Names and Functions (2/3)
Pin Names Num_ber I/O Functions
of Pins
P70 1 1/0 Port 70: I/O port
TAOIN Input 8-bit timer O input: Input pin of 8-bit timer TMRAO
P71 1 1/0 Port 71: 1/O port
TAL1OUT Output 8-bit timer 1 output: Output pin of 8-bit timer TMRAOQ.or TMRAL
P72 1 1/0 Port 72: 1/O port
TA30UT Output 8-bit timer 3 output: Output pin of 8-bit timer TMRA2 or TMRA3
P73 1 /0 Port 73: 1/O port
TA4IN Input 8-bit timer 4 input: Input pin of 8-bit timer TMRA4
P74 1 /0 Port 74: 1/0 port
TA50UT Output 8-bit timer 5 output: Output pin of 8-bit timer TMRA4 or TMRAS
P80 1 1/0 Port 80: I/O port
TBOINO Input 16-bit timer O Input 0: Input.of count/capture trigger in 16-bit timer TMRBO
INT5 Input Interrupt request pin 5: Interrupt request pin with selectable rising/falling edge
P81 1 1/0 Port 81: I/O port
TBOIN1 Input 16-bit timer 0 input 1: Input of count/capture trigger in 16-bit timer TMRBO
INT6 Input Interrupt request-pin-6: Interrupt request pin ofrising edge
P82 1 1/0 Port 82: 1/O port
TBOOUTO Output 16-bit timer 0 output-0: Outpit pin of 16-bit timer TMRBO
P83 1 1/0 Port 83: I/O port
TBOOUT1 Output 16-bit timer 0-output 1: Output pin of 16-bit'timer TMRBO
P90 1 1/0 Port-90: 1/O port
TXDO Output Serial 0 send.data: Open-drain-output pin by programmable
Po1 1 1/0 Port 91:1/O port
RXDO Input Serial 0 receive data
P92 1 /0 Port 92: 1/O port
SCLKO 1/0 Serial 0 clock I1/0
CTSO Input Serial 0 data send enable (Clear to send)
P93 1 1/0 Port 93: I/O port
TXD1 Output Serial 1 send data: Open-drain output pin by programmable
P94 1 le] Port 94: 1/O.port
RXD1 Input Serial 1 receive/data
P95 1 /0 Port 95: I/O_port
SCLK1 1/0 Serial 1.clock 1/0
CTS1 Input Serial 1 data send enable (Clear to send)
P96 1 /10 Port 96: 1/0 port. Open-drain output pin
XT1 Input Low-frequency oscillator connection pin
P97 1 /10 Port 97: 1/0 port. Open-drain output pin
XT2 Output Low-frequency oscillator connection pin

91CuU27-8
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TOSHIBA TMP91CU27/CP27/CK27

Table 2.2.3 Pin Names and Functions (3/3)

Number

Pin Names : I/0 Functions
of Pins
ALE 1 Output Address latch enable (It can be set as prohibition of an output for noise
reduction.)
NMI 1 Input Non-maskable interrupt request pin: Receives an interrupt request triggered

by a falling edge (Schmitt input). A rising edge-can be the trigger as well with
additional programming.

AMO, AM1 2 Input Operation mode:

Fixed to AM1 =“1" and AMO = “1".

RESET 1 Input Reset: Initialize LSI. (Schmitt input, with pull-up resistor)

AVCC 1 Pin used for both power supply pin-for AD converter and standard power
supply for AD converter (H).

AVSS 1 Pin used for both GND pin for AD converter (0 V) and standard power supply
pin for AD converter (L).

X1 1 Input High-frequency oscillator connection.pin.

X2 1 Output High-frequency oscillator connection pin.

DvCC 1 Power supply pins (All'lDVCC pins should be connected to the power supply
pin.)

DVSS 1 GND pins (All pins_shuold-be connected to GND (0 V).)
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TOSHIBA TMP91CU27/CP27/CK27

3. Operation
This following describes block by block the functions and operation of the TMP91CU27/CP27/CK27.
3.1 CPU

The TMP91CU27/CP27/CK27 incorporate a high-performance 16-bit CPU (The 900/L1-CPU).
For CPU operation, see the “TLCS-900/L.1 CPU”.

The following describe the unique function of the CPU used in the TMP91CU27/CP27/CK27;
these functions are not covered in the TLCS-900/L1 CPU section.

3.1.1 Reset

When resetting the TMP91CU27/CP27/CK27 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 (12 us at 27 MHz).

Thus, when turning on the switch, the power supply voltage being (set 1s - within the
operating voltage range, and the internal high-frequency oscillator goes into a stable state.
Then hold the RESET input to Low level at least for 10 system clocks.

The clock gear is initialized 1/16 mode by reset operation. It means that the system clock
mode fsys is set to fc/32 (= fc/16 x 1/2).

When the reset has been accepted, the CPU performs the following:
e Sets as follows the program counter(PC) in accordance with the reset vector stored
at address FFFFOOH to FFFF02H:

PC<7:0> <« Value-at FFFFO0OH address
PC<15:8> <« Value at FFFFO1H address
PC<23:16> « Value at FFFF02H address

e Sets the stackpointer (XSP) to 100H.

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

e Sets the <MAX> bit of the status register (SR) to “1” (MAX mode).

e /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 registers not mentioned above do not change when
thexeset is released.

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

e | Initializes the internal I/O registers.

e Sets /the port pins, including the pins that also act as internal I/O, to
general-purpose input or output port mode.

e Sets ALE pin to high impedance.

Note: The CPU internal register (except to PC, SR, XSP in CPU) and internal RAM data do not change by resetting.

Figure 3.1.1 is a reset timing chart of the TMP91CU27/CP27/CK27.
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Figure 3.1.1 TMP91CU27/CP27/CK27 Reset Timing Chart
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3.2 Memory Map

Figure

TMP91CU27/CP27/CK27 respectively.

000000H

000100H

001000H

003800H

010000H

FE8000H

FFFFOOH
FFFFFFH

Internal 1/0 DiTrect
(4 Kbyte) area (n)
Internal RAM 64 Kbyte area
nn
(10 Kbyte) (nn)
External memory
16 M byte area
(R)
(R)
(R+)
(R + R8/16)
(R + d8/16)
(nnn)
96 Kbyte
Internal ROM
_ Vecter table (256 byte) |

( |:| = Internal area)

Figure 3.2.1 TMP91CU27 Memory Map

3.2.1, Figure 3.2.2 and Figure 3.2.3 show the memory maps of the

91CU27-12
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TOSHIBA TMP91CU27/CP27/CK27
000000H
Internal /O Direct area (n)
(4 Kbytes)
000100H [-=====-----cc--—-__ 3
001000H Kb
Internal RAM 64-Kbyte area
(4 Kbytes) (nn)
002000H
010000H ([--------------------1
External
memory
16-Mbyte area
(R)
(=R)
(R+)
(R + R8/16)
(R + d8/16)
(nnn)
FF4000H |
48-Kbyte (:I = Internal area)
Internal ROM
FFFFOOH |- oo ___ |
FFEFFFH Vecter table (256 bytes)
Figure 3.2.2 TMP91CP27 Memory Map
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TOSHIBA TMP91CU27/CP27/CK27

000000H T
Internal I/O Direct

(4 Kbyte) area (n)
000100H f--------mmmmm oo
001000H

Internal RAM 64 Kbyte area

1 Kbyte
001400H ( yte) ()
010000H |[============c-=-=-=----

External memory

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

FFAOOOH

24 Kbyte

Internal ROM
FFFFOOH fomoso ol i __J

FFFFFFH Vector table (256 byte)

([C7__]=nternal area)

Figure 3.2.3 TMP91CK27 Memory Map
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3.3 Diversity of TMP91CW12A and TMP91CU27/CP27/CK27

The TMP91CU27/CP27/CK27 achieved downsizing TMP91CW12A with less pins and
functions. The specification of the functions is shown in the section 3.3.1 to 3.3.6. Wide
difference of AC/DC characteristic is AC characteristics (Shown section 3.3.7). For the details,
please refer to Chapter 4, “Electrical characteristics”.

3.3.1 CutlInternal I/O
The TMP91CU27/CP27/CK27 are micro controllers that reduced 8-bit timer (TMRAS6 to
TMRAT7), 16-bit timer (TMRB1) and clock doublers circuit (DFM) from TMP91CW12A.
Please doesn’t access to special function register address’ of above internal I/O in

TMP91CW12A.
Please refer to “Table of special function register”.

3.3.2 Cut Port Function
The TMP91CU27/CP27/CK27 reduced the following port functions from TMP91CW12A.
e Port 2: P27 (A23/A7) and P26 (A22/A6)
e Port 3: P37, P36 (R/W ), P35 (BUSAK ), P34 (BUSRQ) and P33 (WAIT )
e Port 4: P43 (CS3)
e Port 5: P57 to P54 (AN7 to AN4)
e Port 6: P66, P65 and P64 (SCOUT)
e Port 7: P75 (TA70UT)

e Port 8 P87 (TB1OUTY1), P86 (TB10OUT0), P85 (TB1INV/INTS) and
P84 (TB1INO/INT?)

e Port A: PA7 to PA4, PA3 to PAO (INT4 to INT1)
3.3.3  Cut factor of Interrupt

TMP91CU27/CP27/CK27 be cut factor of interrupt by cut internal I/0 and port function
(Refer to Table 3.5.1). Please don’t access to interrupt priority setting register for cut factor
of interrupt. Please refer to “table of special function register”.

3.3.4  Bus Release Function
TMP91CU27/CP27/CK27 don’t include bus release function by cutting bus request pin
(P34) and bus acknowledge pin (P35).
3.3.5  CS/WAIT Controller
When set’ TMP91CU27/CP27/CK27 to BxCS<BxW2:0> = “010” (1 + N) WAIT mode, it
operates as 1 wait by cutting WAIT pin.

And there is not CS3 pin (P43), but when set MSAR3, MAMRS and set BSCS<B3E> = “1",
wait control is'effective.
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3.3.6 AD Converter

Analog input pin AN4 to AN7 be cut. Therefore please don’t select cutting channel in
ADMOD1<ADCH2:0>.

3.3.7 AC Characteristic

When accessing to external, AC characteristic don’t guarantee-at 2 V operation.
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3.4 System Clock Function and Standby Control

The TMP91CU27/CP27/CK27 contains (1) a clock gear, (2) stand-by controller and (3)

noise-reduction circuits. It is used for low-power and low-noise systems.

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 3.4.1 shows a transition figure.

IDLE2 mode
(I/O operate)

Reset
(fosch/32)
% l Release
Interri Instruction
te Up_t NORMAL mode i :
Instructi (fosch/gear value/2) nterrup

IDLE1 mode
(Operate only oscillator)

Instruction
[ Interrupt_—

STOP mode
(Stops all circuits)

(a) Single clock mode transition figure

IDLE2 mode
(I/O operate)

IDLE1 mode
(Operate only oscillator)

IDLE2 mode
(I/O operate)

IDLE1 mode
(Operate only oscillator)

Reset
(fosch/32)
% l Release
Interr
%} NORMAL mode
Instructi (foscH/gear value/2)
| Interrupt——
% Instruction
%} SLOW mode
Instructi (fsf2)

Instruction

Interrupt

STOP mode
(Stops all circuits)

Instruction

(b) Dual clock mode transition fiigure

Figure 3.4.1 Clock Operating Mode

Note: The clock frequency input from the X1 and X2 pins-is called foscy and the clock frequency input from the XT1

and XT2 pins.is'called fs. The clock frequency selected by SYSCR1<SYSCK> is called frpy. The system clock

fsys is'defined as the-divided clock of fgpH,.@nd one cycle of fsys is defined as one state.
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3.4.1 Block Diagram of System Clock

SYSCRO<WUEF>
SYSCR2<WUPTM1:0>
y SYSCRO
Warm-up timer <PRCK1:05————>¢T
— (for high/low frequency oscillator)
¢TO
SYSCRO
<XTEN, RXTEN> fs
| f
x11 G o |is o
frequency
XT2 D_ oscillator fsys
fc
fc/2
SYSCRO fcl4 SYSCR1<SYSCK>
<XEN, RXEN> fc/8
l fc/1§
X1 [} High-
frequency
X2 [ oscillator | foscH SYSCR1<GEAR2:0>
Clock gear
fsys CPU
TMRAO1 to TMRA45
¢oTO Prescaler RCM
I RAM
[
Interrupt
TMRBO controller
Prescaler WDT
1/0 port
SI00 to SIO1
Prescaler ADC
; ; ; CS/WAIT
[ controller
SBI
T J| Prescaler
Special timer for CLOCK
L

Figure 3.4.2 Block Diagram of System Clock
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3.4.2 SFR
7 6 5 4 3 2 1 0
SYSCRO |Bit symbol XEN XTEN RXEN RXTEN RSYSCK WUEF PRCK1 PRCKO
(00EOH) | Read/Write RIW
Reset State 1 0 1 0 0 0 0 | 0
Function High- Low- High- Low- Selects Warm-up |Select prescaler clock
frequency |frequency [frequency [frequency |clock after [timer 00: fppy
oscillator  |oscillator |oscillator |oscillator [release of | control 01: Reserved
(fc) (fs) (fc) after  |(fs) after |STOP O Write: - 110; fc/16
0:Stop 0: Stop release of |release of |mode E:rr;t 11: Reserved
1:Oscillation [ 1: Oscillation|STOP STOP 0: fc 1 Write:
mode mode 1:fs Start (Note 2)
0: Stop 0: Stop warm-up
1: Oscillation | 1: Oscillation 0 Read:
End
warm-up
1 Read:
Do not
end
warm-up
7 6 5 4 3 2 1 0
SYSCR1 |Bit symbol SYSCK GEAR2 GEAR1 GEARO
(00E1H) |Read/Write RIW
Reset State 0 v o [ o
Function Select Select gear value of high frequency
system (fc)
clock 000: fc
0: fc 001: fc/2
1:fs 010: fc/4
011: fc/8
100: fc/16
101: (Reserved)
110: (Reserved)
111: (Reserved)
7 6 5 4 3 2 1 0
SYSCR2 | Bit symbol - WUPTM1| WUPTMO | HALTM1 | HALTMO DRVE
(OOE2H) | Read/Write R/W RIW R/W R/W R/W R/W
Reset State 0 1 0 1 1 0
Function Always Select warm-up time for |[HALT mode Pin state
write to “0"/|oscillator 00: Reserved control in
00: Reserved 01: STOP mode STOP
0l 28/inputted frequency [10: IDLE1 mode mode
10: 2**/inputted frequency |11: IDLE2 mode 0: /0 off
11: 216/inputted frequency 1 Remains
the state
before
HALT

Note 1: The unassigned registers, SYSCR1<bit7:4>, SYSCR2<bit7,bit1> are read as undefined value.
Note 2: When using internal SBI, set prescaler clock select register SYSCRO<PRCK1:0> to frpy.

Figure 3.4.3 SFR for System Clock

91CU27-19

2008-01-24



TOSHIBA TMP91CU27/CP27/CK27
7 6 5 4 3 2 1 0
EMCCRO | Bit symbol PROTECT — — — ALEEN EXTIN DRVOSCH [ DRVOSCL
(0OOE3H) | Read/Write R R/W R/W R/IW R/W R/W R/W R/W
Reset State 0 0 1 0 0 0 1 1
Function Protect flag| Always Always Always 1. ALE 1: fc fcoscillator |fs oscillator
0: OFF write “0”.  |write “1”. | write “0". output external |driver ability | driver ability
1: ON enable clock 1: NORMAL |1: NORMAL
0: ALE 0: WEAK 0: WEAK
output
disable
EMCCR1 | Bit symbol
(0OOE4H) | Read/Write Protect OFF by writing “1FH”.
Reset State Protect ON by writing except-“1FH".
Function

Note 1: When restarting the oscillator from the stop oscillation state (e.g. restarting-the oscillator in STOP mode), set
the drive function of the oscillator circuit to NORMAL: When shifting to HALT state while'stop mode is set, set

EMCCRO<DRVOSCH>, <DRVOSCL>="1" before executing a HALT instruction.
Note 2: When V¢ exceeds 2.7V, EMCCRO<DRVOSCH> to “1".

Figure 3.4.4 SFR for Noise Reduction
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3.4.3 System Clock Controller

The system clock controller generates the system clock signal (fsyg) for the CPU core and
internal I/0. It contains two oscillation circuits and a clock gear circuit for high-frequency
(fc) operation. The register SYSCR1<SYSCK> changes the system clock to either fc or fs,
SYSCRO<XEN> and SYSCRO<XTEN> control 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”,-<SYSCK> = “0” and
<GEAR2:0> = “100” will cause the system clock (fsys)to be setto fc/32 (fc/16 x 1/2) after a
Reset.

For example, fsys is set to 0.84 MHz when the 27 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 XT2 pins,
the warm-up timer can be used to change the operation frequency) after stable
oscillation 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 following
examples 1 and 2.

Table 3.4.1 shows the warm-up time.

Note 1: When using an oscillator (other than a resonator) with stable oscillation, a warm-up 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 oscillator to ports 96 and 97, need below setting for cut consumption power.
(Case of resonators)
Set POCR<P96C, P97C> =“11", P9<P96, P97> = “00”
(Case of oscillator)
Set POCR<P96C, P97C> = “11", P9<P96, P97> = “10”

Table 3.4.1 Warm-up Times (when changing clock)

Select Warm-up Time ch to NORMAL (fc) ch o SLOW (fs) At
ange to C ange to S =
SYSCR2<WUPTM1:0> A ’ e

fs = 32.768 kHz

01 (28/frequency) 9.0 [us] 7.8 [ms]
10 (214/frequency) 0.607 [ms] 500 [ms]
11 (2" ffrequency) 2.427 [ms] 2000 [ms]
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Example 1: Setting the clock
Changing from high frequency (fc) to low frequency (fs).

SYSCRO
SYSCR1
SYSCR2

WUP:

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 fsys

EQU
EQU
EQU
LD
SET
SET
BIT
JR
SET
RES

00EOH
00E1H

00E2H

(SYSCR2), X-11- —-X-B
6, (SYSCRO)

2, (SYSCRO)

2, (SYSCRO)

NZ, WUP

3, (SYSCR1)

7, (SYSCRO)

; Sets warm-up time to 2'°/fs.
; Enables low-frequency oscillation.
; Clears and starts/warm-up timer.

}Detects stopping of warm-up timer.

; Changes fsvé from fc to fs.
; Disables high-frequency oscillation.

/

—
—-—(\/\/\/\/\/\/Y\/( \WAVAVAVAVAYVAVAVAV

\ / Counts up by fs\\

UGN Pt

fc

/ i
/fs i

(

\/\/\/?\/\/\/}/\/\/\/\/\/“\V\/\V\:/ A/ NN

Enables
low-frequency

1
1
Y \4

Clears and starts
warm-up timer

o 1
¢ 1
[ 4

1Chages fgys
\from fc to fs

1
v

End of warm-up timer

v
Disabiles
high-frequency
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Example 2: Setting the clock
Changing from low frequency (fs) to high frequency (fc).

SYSCRO EQU 00EOH
SYSCR1 EQU 00E1H
SYSCR2 EQU 00E2H

LD (SYSCR2), X-10—-X-B ;. Sets warm-up time to-2"/fc.

SET 7, (SYSCRO0) ; Enables high-frequency.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, (SYSCRO0) ; Disableslow-frequency oscillation.

X: Don't care, —: No change

/L

<XEN> /

X1 and X2 pins

|
<XTEN> !

SRR VAVAVAVAVAVAVAVAVAY AVAVAVAY

E |
Warm-up timer : \ / \\ ~ Counts‘up lby foscH

\ K :
<SYSCK> ! fs I

S LSS AR VA WA WA W/ S\ \V/I\NAVAVAVAVAVAVAVAVAY,

End of warm-up timer

! 1
! |
\7 A2 | \ |

Enables Clears and starts IChages fSYS:
high-frequency ~ warm-up timer from fs to fc |

M .7
End of warm-up  Disables
; low-frequency
timer
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(2) Clock gear controller

When the high-frequency clock fc is selected by setting SYSCR1<SYSCK> = “0”, frpH
1s set according to the contents of the clock gear select register SYSCR1<GEARZ2:0> to
either fe, fc/2, fe/4, fe/8 or fe/16. Using the clock gear to select a lower value of {fFPH
reduces power consumption.

Below show example of changing clock gear.

Example 3: Changing to a clock gear
SYSCR1 EQU O0OE1H
LD (SYSCR1), XXXX0000B ; Changes frpy to fc.
Changes fsys to fc/2.

X: Don't care

(Clock gear changing)

To change the clock gear, write the register value to the SYSCR1<GEAR2:0> register.
It is necessary for the warm-up time to elapse before the changing occurs after writing
the register value.

There is the possibility that the instruction following the clock ‘gear changing
instruction is executed by the clock gear before changing.-To execute the instruction
following the clock gear switching instruction by the clock gear after changing, input
the dummy instruction as follows (instruction to execute the write cycle).

Example:
SYSCR1 EQU 00OE1H
LD (SYSCR1), XXXX0001B ;. ~.Changes fsys to fc/4.
LD (DUMMY), 00H ;Dummy instruction

| Instruction to-be-executed after clock gear has changed.
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3.4.4

3.4.5

Prescaler Clock Controller

For the internal I/O (TMRAO1 to TMRA45, TMRBO, SIO0 to SIO1 and SBI) there is a
prescaler which can divide the clock.

The ¢T, ¢TO clock input to the prescaler is either the clock frpH divided by 2 or the clock
fc/16 divided by 4. The setting of the SYSCRO<PRCK1:0> register determines which clock
signal is input.

When using internal SBI, set SYSCRO<PRCK1:0> to “00”.

Noise Reduction Circuits

Noise reduction circuits are built in, allowing implementation of the following features.

(1) Reduced drivability for high-frequency oscillator
(2) Reduced drivability for low-frequency oscillator
(3) Single drive for high-frequency oscillator

(4) Output ALE pin disable

(5) SFR protection of register contents

The above functions are performed by making the appropriate settings-in the EMCCRO
to EMCCRI1 registers.

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

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

(Block diagram)

I :' )° {>°_’ foscH

X1 pin

c1
—| T Enable oscillation (STOP + EMCCRO<EXTIN®)
Resonator

1 EMCCRO<DRVOSCH>
2 }L
7

X2I pin

(Setting method)

The drivability of the oscillator is reduced by writing “0” to EMCCRO
<DRVOSCH>register. At reset, <DRVOSCH> is initialized to “1” and the
oscillator starts oscillation by normal drivability when the power supply is on.
When Vce < 2.7V, don’t use this function. When Ve < 2.7 V, don’t set EMCCRO
<DRVOSCH> to “0”.
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(2) Reduced drivability for low-frequency oscillator
(Purpose)

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

(Block diagram)

XT1 pin

Enable oscillation

Resonator ] EMCCRO<DRVOSCL>

N |

C2

XT2 pin
I

(Setting method)

The drivability of the oscillator is reduced by programming “0” to the
EMCCRO<DRVOSCL> register. At Reset, <DRVOSCL> is initialized to “1”. The
oscillation starts in the NORMAL mode at/power-on.

(3) Single drive for high-frequency oscillator
(Purpose)

Remove the need for twin drives and prevent operational errors caused by noise
input to X2 pin when an external oscillator 1s-used.

(Block diagram)

foscH

Enable oscillation (STOP+EMCCRO<EXTIN>)

EMCCRO<DRVOSCH>

X2 pin

(Setting method)

The oscillatoris disabled by programming “1” to EMCCRO<EXTIN> register. X2
pin’s outputis-always “1”.

At reset, <EXTIN> is initialized to “0”.

Note: Do not write EMCCRO<EXTIN> = “1" when using external resonator.
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(4) Output ALE pin disable
(Purpose)

Not need noise of clock property case of don’t access external area is reduced.

(Block diagram)
EMCCRO<ALEEN>
D_di Internal
ALE pin ALE

(Setting method)

Output buffer of ALE pin is output ,disable by programming “0” to

EMCCRO<ALEEN>. And ALE pin is high impedance:
At resetting, <ALEEN> is initialized to“0”.

When you access to external area, you must program “1” to KALEEN> before
access.

(5) Runaway prevention using SFR protection register
(Purpose)
Prevention of program runaway caused by introduction-of noise.

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

Specified SFR list

1. CS/WAIT controller
BOCS, B1CS; B2CS, B3CS, BEXCS,
MSAROQO, MSAR1, MSAR2, MSAR3,
MAMRO; MAMR1, MAMR2, MAMR3

2. Clock/gear (write enable only EMCCRI)
SYSCRO, SYSCR1, SYSCR2, EMCCRO

(Block diagram)

Protect register

. < >
Write except “1FH” to EMCCR1 EMCCRO<PROTECT

Write “1FH” to EMCCR1 S Q Write signal to specified SFR
R E
Write signal to SFR rite signal to other SFR

(Setting method)

If writing except “1FH” code to EMCCRI1 register, it becomes protect ON. By
this operation, write operation to specified SFR is disabling.

If writing “1FH” to EMCCR1 register, it becomes protect OFF. Protect state can
be confirmed by reading EMCCRO<PROTECT>.

At reset, protection becomes OFF.
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3.4.6  Standby Controller

(1) HALT modes

When the HALT instruction is executed, the operating mode switches to IDLEZ2,

IDLE1 or STOP mode, depending on the contents of the SYSCR2<HALTM1:0>
register.

The subsequent actions performed in each mode are as follows:
a. IDLEZ2: Only the CPU halts.

The internal I/0 is available to select operation during IDLE2 mode by setting
the following register.

Table 3.4.2 shows the register setting operation during IDLE2 mode.

Table 3.4.2 SFR Setting Operation during-IDLE2 Mode

Internal 1/0 SFR
TMRAO01 TAO1RUN<I2TAO01>
TMRA23 TA23RUNKI2TA23>
TMRA45 TA45RUN<I2TA45>
TMRBO TBORUN<I2TBO>
SIO0 SCOMOD1<I2S0>
SIOo1 SC1MOD1<I2S1>
SBI SBIOBRO<I2SBI0>
AD converter ADMOD1<I2AD>
WDT WDMOD<I2WDT>

b. IDLE1: Only the oscillator and the Special timer/for CLOCK continue to operate.
c. STOP: All internal circuits stop operating.

The operation of each of the different HALT modes is described in Table 3.4.3.

Table 3.4.3 1/O Operationduring HALT Modes

HALT Mode IDLE2 IDLE1 STOP
SYSCR2<HALTM1.:0> 11 10 01
CPU Stop
/0 port Keep the state when the HALT instruction was See Table 3.4.6,
executed. Table 3.4.7.
TMRA, TMRB Available to select operation block Stop

Block SIO0, SI01, SBI
AD-converter
WDT

Special timer for CLOCK

Operate enable

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 of the states of the interrupt mask
register <IFF2:0> and the HALT modes. The details for releasing the halt status are
shown in Table 3.4.4.

¢ Released by interrupt requesting

The HALT mode release method depends on the status of the enabled interrupt.
When the interrupt request level set before executing the HALT instruction
exceeds the value of the interrupt mask register, the \interrupt is processed
depending on its status after the HALT mode is released, and the CPU status
executing the instruction that follows the HALT instruction. When the interrupt
request level set before executing the HALT instruction is less than the value of the
interrupt mask register, HALT mode release is not executed. (In non-maskable
interrupts, interrupt processing is processed after releasing the HALT mode
regardless of the value of the mask register.) However only for INT0O.and INTRTC
interrupts, even if the interrupt request level set/before executing the HALT
instruction is less than the value of the interrupt mask register;, HALT mode
release is executed. In this case, the interrupt is processed, and the CPU starts
executing the instruction following the HALT instruction, but the interrupt
request flag is held at “1”.

Note: Usually, interrupts-can release all halts status. However, the interrupts = (NMI,
INTO, INTRTC) which can release the HALT mode may not be able to do so if
they are input during-the period CPU is shifting to the HALT mode (for about 5
clocks of fepy ) with IDLEL or STOP mode(IDLEZ2 is not applicable to this case).
(In this case, an-interrupt request is kept on hold internally.)
If another interrupt is generated after it has shifted to HALT mode completely,
halt status can be released without difficulty. The priority of this interrupt is
compared with that of the interrupt kept on hold internally, and the interrupt with
higher-priority is handled first followed by the other interrupt.

e Release by resetting
Release of all halt statuses is executed by resetting.
When the STOP mode is released by RESET, it is necessary to allow enough
resétting time (See Table 3.4.5 ) for operation of the oscillator to stabilize.

When releasing the HALT mode by resetting, the internal RAM data keeps the
state before the “HALT” instruction is executed. However the other settings
contents are initialized. (Releasing due to interrupts keeps the state before the
“HALT” instruction is executed.)
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Table 3.4.4 Source of Halt State Clearance and Halt Clearance Operation

. Interrupt Enable Interrupt Disable
Status of Received Interrupt P P
(Interrupt level) > (Interrupt mask) (Interrupt level) < (Interrupt mask)
HALT Mode IDLE2 IDLE1| STOP IDLE2 IDLE1|STOP

NMI . . ot - _ _

8 INTWD . x x = _ _

S| | INTO (Note1) . . ot f ° ot

g = INTRTC . . x o o x

% 2 INT5 to INT6 + (Note 2) x X X x x

%| 2|INTTAO to INTTAS5 . x x x x x

8| 7| INTTBOO, INTTBO1, INTTBOFO . x x % x x

kS INTRXO to INTRX1, INTTXO to INTTX1 . x x x x x
[}

g INTSBI . x x x x x

83 INTAD IS x x x X X

RESET Initialize’L S|

After clearing the HALT mode, CPU starts interrupt processing.

After clearing the HALT mode, CPU resumes executing starting from the-instruction following the HALT
instruction. (Interrupt routine don’t execute.)

Cannot be used to release the HALT mode.

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

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

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 process. If low level was set before interrupt process is
stared, interrupt process is/not started correctly.

Note 2:If using external interrupt- INT5 to INT6 in IDLE2 mode, set 16-bit timer RUN register

TBORUNK<I2TBO> to “1".

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

Address

8200H LD
8203H LD
8206H LD
8209H El
820BH LD

820EH HALT
1

(P6FC), 08H ; Selects INTO interrupt

(IIMC), 00H ; Selects INTO interrupt rising edge.

(INTEOAD), 06H ; Sets INTO interrupt level to 6.

5 ; Sets CPU interrupt level to 5.

(SYSCR2), 28H ; Sets HALT mode to IDLE1 mode.
; Halts CPU.

1
1
INTO _/ \ INTO interrupt routine

R
820FH LD XX, XX

1

1

1
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(3) Operation

a. IDLE2 mode

In IDLE2 mode only specific internal I/O operations, as designated by the
IDLEZ2 setting register, can take place. Instruction execution by the CPU stops.

Figure 3.4.5 illustrates an example of the timing‘for clearance of the IDLE2
mode halt state by an interrupt.

1 1
1 1
VW W A A S W WL Wl oW sW AW AW AW
. 2 .
A0 to A21 X Address ' M ' Address + 2
] »
— — ' PR
ALE _| | « |
1 n )
ADO to AD15 “"'(Address)----< Data )--*-(Address) 4 :r (Address)----( Data )-----
RD I {( I |
\ / 4 \ []
A 1 1
WR : « :
1 {
Interrupt for X «__J '
release halt ' v X
1

| IDLE2 __

Figure 3.4.5 Timing Chart for IDLE2 Mode Halt State Cleared by Interrupt

b. IDLEI1 mode

In IDLE1 mode, only the internal oseillator and the Special timer for CLOCK
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, clearance of the Halt state (e.g., restart of operation) is

synchronous with it:

Figure 3/4.6illustrates the timing for clearance of the IDLE1 mode halt state by
an interrupt.

! |
! |
SR AUV AW O AW WL WA T W AU W AW AWy
] ! « .
A0 to.A21 X Address i « ' Address + 2
] T | » T 1
ALE . : « :
' W :
ADO-to AD15 ---(Address)—--(Data)—— ————— ——i——————-‘,‘; ————— :——————--(Address)——-(Data)—-——
| « : L
— W
RD \ [ i ’ i \ Im
WR | ” X
1
Interrupt for | « ﬁ_ \
] )
release halt + 1 bLEr

mode

Figure 3.4.6 Timing Chart for IDLE1 Mode Halt State Cleared by Interrupt
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c. 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 3.4.6 and Table 3.4.7 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, <RSYSCK>, <RXEN> and
<RXTEN> must be set. See the sample warm-up timesin Table 3.4.5.

Figure 3.4.7 illustrates the timing for clearance of the STOP mode halt state by
an interrupt.

Warm-up time
“ _/WWJWJML ; r\ﬂ%ﬂﬂlw
A0 to A21 :X Address ". == E— o \ Address + 2
ALE | | Y :_u (
o) Na—— )
ADO to AD15 = -(Address)— --(Data )- 4=-=-=5 --——i ------- s—--- -(Address)- -(Data)'- --
| L(( ( -
RD \ J R /]
R N
Interrupt for : { \ S_\ (
release halt ! ! Y
| sTOP !
mode
Figure 3.4.7 Timing Chart for STOP Mode Halt State Cleared by Interrupt
Table 3.4.5 Sample Warm-up Times after Clearance of STOP Mode
@ fosch = 27 MHz, fs = 32.768 kHz
SYSCRO SYSCR2<WUPTM1:0>
<RSYSCK> 01 (2% 10 (2 11 (2%
0 (fc) 9.0us 0.607 ms 2.427 ms
1(fs) 7.8 ms 500 ms 2000 ms
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Example:

e The STOP mode is entered when the low-frequency operates, and
high-frequency operates after releasing due to NMI.

Address
SYSCRO EQU 0OEOH
SYSCR1 EQU 00E1H
SYSCR2 EQU 00E2H
8FFDH LD (SYSCR1), 08H s fsys = fs/2
9000H LD (SYSCR2), X-1001X1B ; Sets warm-up time to 2'*/fc
9002H LD (SYSCRO0), —11000 — - B ; Operates high frequency after released.
9005H HALT
; Clears and starts warm-up timer
NMI pin inpu}\ (High-frequency)
END
NMI Interrupt routine
1
1
9006H LD XX, X RETI
|
—: No change

Note: When different modes are used before and after STOP mode as the above -mentioned, there is possible to
release the HALT mode without changing the operation mode by acceptance of the halt release interrupt
request during execution of “HALT"/instruction (during 6 state). In the system which accepts the interrupts

during execution “HALT” instruction, set the same operation mode before and after the STOP mode.
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Table 3.4.6 Input Buffer State Table

Input Buffer State

When the CPU is

In HALT mode

In HALT mode (STOP)

. (0] ti IDLE2/IDLE1 = =
Port Input Function o perating ( ) <DRVE>=1 <DRVE>=0
uring When When When When
Name Name When When When When
Reset | Used as Used as Used as Used as
. Used as ) Used as . Used as . Used as
Function Function Function Function
. Input Port . Input Port . Input Port . Input Port
Pin Pin Pin Pin
P00 to PO7 ADO to AD7 ON upon
P10 10 P17 ADS 1o AD1S external OFF OFF OFF
0 0 OFF read on OFF OFF
P20 to P25 -
P32 —
P40 to P42 — ON ON ON
OFF
P50 to P52 - ON upon
— OFF OFF OFF
P53 ADTRG port read ON
P60 SCK
P61 SDA YEE
Sl ON ON ON
P62
SCL
P63 INTO ON ON
P70 TAOIN OFF
P71 -
P72 —
P73 TA4IN ON ON ON OFF
P74 — — — - -
TBOINO
P80
INT5
ON ON ON ON ON ON ON OFF
TBOIN1
P81
INT6
P82 —
P83 — - = - -
OFF
P90 —
P91 RXDO
SCLKO ON ON ON OFF
P92 —
CTSO
P93 — - - - -
P94 RXD1
SCLK1 ON
P95 — ON ON
CTS1 OFF
For oscillator | OFF OFF OFF OFF
P96 XT1 OFF
For_port OFF OFF
ON ON ON
P97 — — — — —
NMI -
ON
RESET - ON ON
ON - ON - - -
AMO,AM1 —
X1 — OFF OFF

ON: The buffer is always turned on. A current flows

through the input buffer if the input pin is not

driven.

OFF: The buffer is always turned off.

—: Not applicable

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

*2: AIN input does not cause a current to flow through the buffer.
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Table 3.4.7 Output buffer State Table

Output Buffer State

When the CPU is In HALT mode In HALT mode (STOP)
. Operatin IDLE2/IDLE1 = =
Port | Output Function our perafing ( ) <DRVE>=1 <DRVE>=0
Name Name uring When When When When When When Used When When
Reset | Usedas | Usedas | Usedas | Usedas | Used as s Outout Used as | Used as
Function Qutput Function Output Function Portp Function | Output
Pin Port Pin Port Pin Pin Port
P00 to PO7 ADO to AD7 ON upon
external OFF OFF
AD8 to AD15 .
P10 to P17 write
OFF
A8 to A15
A0 to A5
P20 to P25
Al16 to A21
P30 RD
— ON
P31 WR
P32 HWR OFF
Cso ON ON ON
P40 to P42 cs1
Cs2
P60 SCK
SDA
P61
SO
P62 SCL
P63 _ ON ON ON
P70 - OFF
P71 TA1OUT
ON ON ON OFF
P72 TA30UT OFF
P73 — — — — —
P74 TA50UT ON ON ON OFF
P80 —
P81 —
P82 TBOOUTO
P83 TBOOUT1 ON ON ON OFF
P90 TXDO
P91 — — — — —
P92 SCLKO
ON ON ON OFF
P93 TXD1
P94 = - - - -
P95 SCLK1 ON ON ON OFF
P96 — ON = — - -
For oscillator | /OFF ON OFF ON OFF OFF
P97 XT2 OFF OFF
For port ON OFF ON OFF ON ON
ALE — OFF
ON - ON - ON - ON -
X2 — ON

ON: The buffer is always turned on.
OFF: The buffer is always turned off.

—:Not applicable

*1: Port having a pull-up/pull-down resistor.
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3.5

Interrupts

Interrupts are controlled by the CPU interrupt mask register SR<IFF2:0> and by the built-in
interrupt controller.
The TMP91CU27/CP27/CK27 have a total of 34 interrupts divided into the following three

types:

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

e Internal interrupts: 21 sources

e Interrupts on external pins (NMI, INTO, INT5 and INT6): 4 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 priority of that interrupt
to the CPU. If multiple interrupts are generated simultaneously, the interrupt controller sends
the interrupt with the highest priority to the CPU. (The highest priority 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 interrupt.

The interrupt mask register <IFF2:0> value can be updated using the value of the EI
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 lalso non-maskable interrupts.

Operationally, the DI instruction (<IFF2:0> =“7”) is identical to the “EI7” instruction. DI
instruction is used to disable maskable interrupts because of the priority level of maskable
interrupts 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 I/0O. Moreover,
TMP91CU27/CP27/CK27 has software start function for micro DMA processing request by the
software not by the hardware interrupt.

Figure 3.5.1 shows the overall interrupt processing flow.
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General-purpose
interrupt
processing

C Interrupt processing )

Yes

nterrupt specifie

Micro DMA soft start
request

by micro DMA
start vector?

No

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

PUSH PC
PUSH SR
SR<IFF2:0> «Level of

accepted
interrupt + 1
INTNEST « INTNEST + 1

PC « (FFFFOOH + V)

7

Interrupt processing
program

RETI instruction

POP SR
POP PC
INTNEST < INTNEST -

(

Clear interrupt requenst flag

Data transfer by micro
DMA

Count < Count — 1

Count=0

No

Yes

Micro DMA processing

Clear vector register

generating micro DMA
trasfer and interrupt
(INTTCO to INTTC3)

(7 o )

Figure;3.5.1 Overall Interrupt Processing Flow
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3.5.1

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
interrupt is 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 “FFFFO0H + interrupt
vector” and starts the interrupt processing routine.
The above processing time is 18-states (1.33 ps at 27 MHz) as the best case (16 bits
data 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 priority level
for each interrupt source.

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

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

Moreover, if the CPU receives another interrupt request while performing the said (1) to
(5) processing steps of the current interrupt, the latest interrupt request is sampled
immediately after execution of the first instruction of the current interrupt processing
routine. Specifying DI as'the start instruction disables maskable interrupt nesting.

A reset initializes the interrupt mask register <IFF2:0> to “7”, disabling all maskable
interrupts.

Table 3.5.1 shows the TMP91CU27/CP27/CK27 interrupt vectors and micro DMA start
vectors. The address FFFFOOH to FFFFFFH (256 bytes) is assigned for the interrupt vector
area.
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Table 3.5.1 TMP91CU27/CP27/CK27 Interrupt Vectors and Micro DMA Start Vectors

Default Interrupt Source and Source of Micro DMA Vector Vector Micro
Priority Type Request Value (V) Reference| DMA Start
Address Vector
1 “RESET"” or SWIOQ instruction 0000H FFFFOOH -
2 SWI1 instruction 0004H FFFFO4H —
3 INTUNDEF: lllegal Instruction or SWI2 instruction 0008H FFFFO8H —
4 SWI3 instruction 000CH FEFFOCH -
5 Non SWI4 instruction 0010H FFFF10H —
6 -maskable [ SWI5 instruction 0014H FFFF14H -
7 SWI6 instruction 0018H FFFF18H —
8 SWI7 instruction 001CH FFFF1CH -
9 NMI pin 0020H FFFF20H -
10 INTWD: Watchdog timer 0024H FFFF24H —
— (Micro DMA) — — —
11 INTO pin 0028H FFEEF28H 0AH
12 Reserved — — —
13 Reserved - — —
14 Reserved — —~ —
15 Reserved — - —
16 INT5 pin 003CH FFFF3CH OFH
17 INT6 pin 0040H FFFF40H 10H
18 Reserved — — —
19 Reserved = — -
20 INTTAO: 8-bit timer 0 004CH FFFF4CH 13H
21 INTTAL: 8-bit timer 1 0050H FFFF50H 14H
22 INTTAZ2: 8-bit timer2 0054H FFFF54H 15H
23 INTTA3: 8-bit timer 3 0058H FFFF58H 16H
24 INTTA4: 8-bit timer 4 005CH FFFF5CH 17H
25 INTTAS: 8-bit timer 5 0060H FFFF60H 18H
26 Reserved — — —
27 Reserved - — -
28 Maskable INTTBO0O: 16-bit timer 0 (TBORGO) 006CH FFFF6CH 1BH
29 INTTBO1: 16-bit timer 0 (TBORG1) 0070H FFFF70H 1CH
30 Reserved — — —
31 Reserved - — —
32 INTTBOFO: 16-bit timer 0 (Over-flow) 007CH FFFF7CH 1FH
33 Reserved — — —
34 INTRXO: Serial reception (Channel 0) 0084H FFFF84H 21H
35 INTTXO0: Serial transmission (Channel 0) 0088H FFFF88H 22H
36 INTRX1: Serial-reception (Channel 1) 008CH FFFF8CH 23H
37 INTTX1: Serial transmission (Channel 1) 0090H FFFF90H 24H
38 INTSBI: Serial bus interface interrupt 0094H FFFF94H 25H
39 INTRTC: Special timer for clock 0098H FFFF98H 26H
40 INTAD: AD conversion end 009CH FFFFOCH 27H
41 INTTCO: End of Micro DMA (Channel 0) 00AQOH FFFFAQH —
42 INTTC1: End of Micro DMA (Channel 1) 00A4H FFFFA4H —
43 INTTC2: End of Micro DMA (Channel 2) 00A8H FFFFA8H -
44 INTTC3: End of Micro DMA (Channel 3) 00ACH FFFFACH —
(Reserved) 00BOH FFFFBOH -
(Reserved) O0OFCH FFFFFCH -
Note: Micro DMA default priority: the micro DMA initiation takes priority over other Maskable interrupts.
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3.5.2

Micro DMA

In addition to general-purpose interrupt processing, the TMP91CU27/CP27/CK27
supports a micro DMA function. Interrupt requests set by micro DMA perform micro DMA
processing at the highest priority level 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 say later burst mode.

Because the micro DMA function is implemented through the CPU, when the CPU is
placed in a standby mode by a HALT instruction, the requirements of the micro DMA will

be ignored (Pending).

(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 highest level and starts processing the request in spite of any interrupt
source’s level. The micro DMA is ignored on <IFF2:0> = “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 assigned to that channel is cleared.

The data are automatically transferred once (1/2/4 bytes) from the transfer source
address to the transfer destination 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 INTTCn) passes
from the CPU to the interrupt controller./In addition, the micro DMA start vector
register DMANV is cleared to 0, the next -micro DMA is disabled and micro DMA
processing completes.

If the decreased result is other than “0”, the micro DMA processing completes if it
isn’t specified the say later burst mode. In this case, the micro DMA transfer end
interrupt (INTTCn) aren’t generated.

If aninterrupt request is triggered for the interrupt source in use during the interval
between the clearing of the| micro ) DMA start vector and the next setting,
general-purpose-interrupt processing executes at the interrupt level set. Therefore, if
only using the interrupt for starting the micro DMA (Not using the interrupts as a
general-purpose interrupt: Level 1 to 6), first set the interrupts level to 0 (Interrupt
requests disabled).

If using the interrupt source to activate both micro DMA and general-purpose
interrupts, first set the level of the interrupt used to start micro DMA processing lower
than all the other interrupt levels. In this case, the cause of general interrupt is limited
to the edge interrupt. (Note)

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 3.5.1) and reading interrupt vector with setting below. The
vector shifts to that of INTyyy at the time.

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

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

INTxxx: level 1 without micro DMA

INTyyy: level 6 with micro DMA
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WR /FWR \_| [1
DO to D5 {_output

AO to A23 Source Destination

The priority of the micro DMA transfer end interrupt is defined by the interrupt level
and the default priority as the same as the other maskable interrupt.

If a micro 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 the channel number. The
smaller channel number has the higher priority (Channel 0 (High) > channel 3 (Low)).

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

Three micro DMA transfer modes are supported: 1-byte transfer, 2-byte 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 I/O to memory, from memory to I/O, and
from I/0 to I/O. For details of the transfer modes, see 3.5.2 (4) “Detailed description of
the transfer mode register: DMAMO to DMAMS”.

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

Micro DMA processing can be started by the 30 interrupts'shown in the micro DMA
start vectors of and by the micro DMA soft start, making a total of 3linterrupts.

Figure 3.5.2 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 bus, 0 waits, transfer
source/transfer destination addresses both even-numbered values).

1 state (Note 1) (Note 2)

r vV N

DM2 DM3 DM4 DM5 DM6 DM7 DM8

SHAVAVAVAWAVAY VAV AVAVAVAV AW

RD -\ /

Figure 3.5.2 Timing for Micro DMA Cycle (Word transfer)

States 1 to 3: Instruction fetch cycle (gets next address code).
If 3 bytes-and more instruction codes are inserted in the instruction
queue buffer, this cycle becomes a dummy cycle.

States 4 to 5: “Micro DMA read cycles

State 6: Dummy cycle (The address bus remains unchanged from state 5)

States 7 to 8: Micro DMA write cycle

Note 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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(2) Soft start function
In addition to starting the micro DMA function by interrupts,
TMP91CU27/CP27/CK27 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 activate once. At the end
of transfer, the corresponding bit of the DMAR register is automatically cleared to “0”.
Only one-channel can be set once for micro DMA. (Do not write “1” to plural bits.)
When writing again “1” to the DMAR register, check whether 'the bit is “0” before
writing “1”. The read value “1” does not cause micro DMA transfer.
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. If
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
DMA son DMAR3 | DMAR2 | (DMAR1 | DMARO
pmaR | SRS orshibit 2
ques o Lo | o | o
register RVW) DMA request
(3) Transfer control registers

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

Channel -0
DMASO DMA Source address register 0: Only use LSB 24 bits
DMADOQ DMA Destination address register 0: Only use LSB 24 bits
DMACO DMA Counter register 0: 1 to 65536
DMAMO-_[ DMA Mode register 0
Channel 3
DMAS3 DMA Source address register 3
DMAD3 DMA Destination address register 3
| DMAC3 DMA Counter register 3
DMAM3 [ DMA Mode register 3
8 bits
[ 16 bits
32 bits
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(4) Detailed description of the transfer mode register: DMAMO to DMAMS3

(DMAMO to DMAM3

0,0 0
||

I e B

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

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

Execution time

|

0 0 0 zZ Z

Transfer destination address INC mode

(DMADN+) < (DMASN)
DMACnh « DMACn -1
if DMACnh = 0 then INTTC is generated

1/0 to memory

8 states (593 ns)
@ /byte/word transfer

12 states (889ns)
@4-byte transfer

Transfer destination address DEC mode

(DMADN-) <~ (DMASN)
DMACnh « DMACn -1
if DMACnh = 0 then INTTC is generated

1/0 to memory

8 states (593 ns)
@-byte/word transfer

12 states (889 ns)
@4-byte transfer

Transfer source address INC mode.................

(DMADnN) « (DMASN+)
DMACh <~ DMACn -1
if DMACnh = 0 then INTTC is generated

Memory to 1/O

8 states (593-ns)
@ byte/word transfer

12 states.(889.ns)
@4-byte transfer

Transfer source address DEC mode................

(DMADnN) < (DMASN-)
DMACh < DMACn -1
if DMACn = 0 then INTTC is generated

Memory to I1/0

8 states (593ns)
@ byte/word transfer

12 states (889 ns)
@4-byte transfer

Address fixed Mode .........ccoooveiiiiiien i S e /0 to I/O
(DMADN) < (DMASN)

DMACh < DMACn -1

if DMACnh = 0 then INTTC is generated

8 states (593 ns)
@ byte/word transfer
12 states (889 ns)
@4-byte transfer

Counter mode -+ for counting number of times interrupt.is generated 5 states
DMASNH <~ DMASNh + 1
DMACn < DMACn - 1 (370 ns)

if DMACnh = 0 then INTTC:-is generated

Note 1:“n” is the corresponding micro DMA channels 0 t0.3

DMADN+/DMASN+; Post increment (Increment register value after transfer)
DMADN-/DMASN-~: Post-decrement (Decrement register value after transfer)
The 1/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/0 waits.
fc =27MHz/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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3.5.3

Interrupt Controller Operation

The block diagram in Figure 3.5.3 shows the interrupt circuits. The left-hand side of the
diagram shows the interrupt controller circuit. The right-hand side shows the CPU
interrupt request signal circuit and the halt release circuit.

For each of the 25 interrupt channels there is an interrupt request flag (Consisting of a
flip-flop), an interrupt priority setting register and a micro DMA start vector register. The
interrupt request flag latches interrupt requests from the peripherals. The flag is cleared to
zero in the following cases:

e When reset occurs
¢ When the CPU reads the channel vector after accepted its/interrupt

e When executing an instruction that clears the interrupt (Program DMA start
vector to INTCLR register)

e  When the CPU receives a micro DMA request (When micro DMA(is set.)

e  When the micro DMA burst transfer is-terminated

An interrupt priority can be set independently for each interrupt source by writing the
priority to the interrupt priority setting register (e.g., INTEQAD or INTE56). 6 interrupt
priorities levels (1 to 6) are provided. Setting an interrupt source’s priority level to 0 (or 7)
disables interrupt requests from that source. The priority of non-maskable interrupts
(NMI pin interrupts and watchdog timer interrupts) is fixed at 7. If interrupt request with
the same level are generated at'the same time, the default priority (The interrupt with the
lowest priority or, in other words, the‘interrupt with the lowest vector value) is used to
determine which interrupt request is accepted first.

The 3rd and 7th bits of 'the interrupt priority setting register indicate the state of the
interrupt request flag-and thus whether an interrupt request for a given channel has
occurred.

The interrupt controller sends the interrupt request with the highest priority among the
simultaneous interrupts and its vector addressto the CPU. The CPU compares the priority
value <IFF2:0>in the status register’by the interrupt request signal with the priority value
set; if the latter is higher, the interrupt is accepted. Then the CPU sets a value higher than
the priority value by 1 (+1) in the CPU SR<IFF2:0>. Interrupt request where the priority
value equals or-is higher than-the set value are accepted simultaneously during the
previous interrupt routine.

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

The interrupt controller also has registers (4 channels) used to store the micro DMA start
vector. Writing the start vector of the interrupt source for the micro DMA processing (See
Table 3.5.1), 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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Figure 3.5.3 Block Diagram of Interrupt Controller
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(1) Interrupt level setting registers
Symbol [ Name |Address 7 6 5 4 3 2 1 0
INTAD INTO
INTO &
iabc | 1aDM2 | 1aDM1 | 1aDMo IoC o2 | 1om1 | om0
INTEOAD [ INTAD 90h
enable R R/W R R/W
0 0 | 0 | 0 0 0 | 0 | 0
INT6 INTS
INTS & l6C lsM2 | 1M1 | 16MO I5C isM2. | 1sM1 | 15M0
INTES6 INT6 93h
enable R R/W R R/W
0 0 | 0 | 0 0 0 | 0 | 0
INTTAL (TMRAL) INTTAO (TMRAO)
INTTAO &
ITALC ITAIM2 | ITAIM1 | ITAIMO ITAOC ITAOM2 | ITAOM1 | ITAOMO
INTETAO1 | INTTAL 95h
enable R R/W R R/W
0 0 | 0 | 0 0 0 | 0 | 0
INTTA3 (TMRA3) INTTA2 (TMRA2)
INTTA2 &
iasc | imasm2 | masmi | masmo | mazc | imAaemz | imasm1 | imA2mo
INTETA23 | INTTA3 96h
enable R R/W R R/W
0 0 | 0 | 0 0 0 | 0 | 0
INTTA5 (TMRADB) INTTA4 (TMRA4)
INTTA4 &
ITASC ITASM2 | ITASM1 | ITASMO ITA4AC ITAAM2 | ITAAM1 | ITAAMO
INTETA45 | INTTAS 97h
enable R R/W R R/W
0 0 | 0 | 0 0 0 | 0 | 0
I | E————
Interrupt request flag
IXxM2 | IxxM1 | IxxMO Function (Write)
0 0 0 Disable interrupt request
0 0 1 Setting interrupt priority level to-“1".
0 1 0 Setting-interrupt priority level to“2”.
0 1 1 Setting interrupt priority level to “3”,
1 0 0 Setting interrupt priority-level to “4”.
1 0 1 Setting interrupt priority-level to “5”.
1 1 0 Setting interrupt priority level to “6”.
1 1 1 Disable interrupt request
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Symbol | Name |Address 7 6 5 4 3 2 1 0
INTTBO1 (TMRBO) INTTB0O (TMRBO)
INTTBOO &
ITBO1C | ITBO1M2 | ITBO1M1 | ITBOIMO | ITBOOC | ITBOOM2 | ITBOOM1 | ITBOOMO
INTETBO |[INTTBO1 99H
enable R R/W R R/W
0 o | o | o 0 o | o | o
— INTTBOFO (TMRBO over flow)
INTTBOFO - | — | — ITFOC ITFOM2. [ ITFOM1 | ITFOMO
INTETBO1V | (over-flow) 9BH
enable R/W R R/W
0 o | o | o 0 o | o | o
INTTXO INTRXO
INTRXO & ITX0C ITXOM2 | ITXOM1 | ITXOMO IRX0C IRXOM2 | IRXOM1 | IRXOMO
INTESO |INTTXO 9CH
enable R R/W R R/W
0 o | o | o 0 o | o | o
INTTX1 INTRX1
INTRX1 & ITX1C ITX1M2 | ITX1M1 | ITXIMO IRX1C IRX1M2 | IRX1M1 | IRX1MO
INTES1 |INTTX1 9DH
enable R R/W R RAW
0 0 | 0 | 0 0 0 | ) | 0
INTRTC INTSBI
INTSBI &
IRTCC [ IRTCM2 | IRTCM1 | IRTCMO IS2C IS2M2 | 1S2M1 | IS2MO
INTES2RTC | INTRTC 9EH
enable R R/W R R/W
0 o | o | o 0 o | o | o
INTTCL INTTCO
INTTCO & ITC1C ITCIM2 | ITCIML | ITCIMO ITCOC ITCOM2 | ITCOM1 | ITCOMO
INTETCO1 |INTTC1 AOH
enable R R/W R R/W
0 o .0 [ o 0 o | o | o
INTTC3 INTTC2
INTTC2 & ITC3C ITC3M2 | ITC3M1 | ITC3MO ITC2C ITC2M2 | ITC2M1 | ITC2MO
INTETC23 |INTTC3 AlH
enable R R/W R R/W
0 o | o [ o 0 o | o | o
> L ] ®
Interrupt request flag
IXxxM2 | IxxM1 .| IxxMO Function (Write)
0 0 0 Disable interrupt request
0 0 1 Setting interrupt priority level to “1”.
0 1 0 Setting interrupt priority level to “2”.
0 1 1 Setting interrupt priority level to “3”.
1 0 0 Setting interrupt priority level to “4”.
1 0 1 Setting-interrupt priority level to “5”.
1 1 0 Setting interrupt priority level to “6”.
1 1 1 Disable interrupt request
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(2) External interrupt control
Symbol | Name |Address 7 6 5 4 3 2 1 0
— — — — — I0EDGE I0LE NMIREE
W
Int ; 0 0 0 0 0 0 0 0
nterru
input P 8CH INTO INTO 1: Operate
IMC | node (Prohibit edge mode even on
control RMW) ) 0:/Rising | 0: Edge rising/
Always write “0”". . .
1: Falling /| 1: Level falling
edge of
NMI

INTO level enable

0 edge detect interrupt
1 “H” level interrupt
NMI rising edge enable
0 Interrupt request generation at falling edge
1 Interrupt request generation at rising/falling
edge
(3) Interrupt request flag clear register

The interrupt request flag is cleared by writing the appropriate micro DMA start
vector, as given in Table 3.5.1, to the register INTCLR.

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

INTCLR « 0AH Clearsinterrupt request flag INTO

Symbol | Name |Address 7 6 5 4 3 2 1 0
CLRV5. | CLRV4 [ CLRV3 | CLRV2 CLRV1 | CLRVO
INTCLR Lr::lrrrur)t o8 w
control (Prohibit 0 | 0 | 0 | 0 0 | 0
RMW) Interrupt vector
(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 zero, 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 transfer end interrupt.

If the same vector is set in the micro DMA start vector registers of more than one
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 micro DMA transfer is complete. If the micro DMA start vector for this channel is
not set again, the next micro DMA is started for the channel with the higher number.
(Micro DMA chaining)
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Symbol | Name |Address 7 6 5 4 3 2 1 0
DMAOV5 | DMAOV4 | DMAOV3 | DMAOV2 | DMAOV1 | DMAOVO
DMAO RIW
DMAQV | start 80H
vector 0 | 0 | 0 | 0 | 0 | 0

DMAO start vector
DMA1V5 | DMA1V4 | DMA1V3 | DMA1V2 | DMA1V1 | DMA1VO0

DMA1

RIW
DMALV | start 81H
vector o | o | o o} o | o
DMAL start vector
DMA2V5 | DMA2v4 | DMA2v3 | DMA2v2 | DMA2V1 | DMA2VO
DMA2 -
DMA2V | start 82H
vector o | o [0 [ o | o | o
DMAZ2 start vector
DMA3V5 | DMA3V4 | DMA3V3 | DMA3V2 | BMA3VI | DMA3VO
DMA3
RIW
DMA3V | start 83H
vector o | o | o | o/} 0o [ o

DMA3 start vector

(5) Micro DMA burst specification

Specifying the micro DMA burst .continues the micro DMA transfer until the transfer
counter register reaches zero after micro DMA start. Setting a bit which corresponds to
the micro DMA channel of the DMAB registers mentioned below to “1” specifies a

burst.
Symbol | Name |Address 7 6 5 4 3 2 1 0
DMA DMAR3 DMAR2 DMAR1 DMARO
89H
software o R/W
DMAR request (Prohibit 0 | 0 | 0 | 0
register RMW)
1: DMA software request
DMAB3 | DMAB2 | DMAB1 | DMABO
DMA burst R/IW
DMAB | request 8AH
register 0 | 0 | 0 | 0
1: DMA request on Burst Mode
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(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 (*1) 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 program, place instructions that clear interrupt request flags
after a DI instruction. And in the case of setting an interrupt enable again by EI
instruction after the execution of clearing instruction, execute EI instruction after
clearing and more than 1 instructions (Example: “NOP” %'1 times). If placed EI
instruction without waiting NOP instruction after execution of clearing instruction,
interrupt will be enable before request flag is cleared.

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

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

INTO level mode In level mode/INTO is not an edge-triggered interrupt. Hence, in level
mode the interrupt request flip-flop for INTO-does not function. The
peripheral.interrupt request passes through the S input of the flip-flop
and becomes the Q output. If the interrupt input mode is changed from
edge mode to level mode, the interrupt request flag is cleared
automatically.
If the CPU enters the interrupt response sequence as a result of INTO
going from 0 to 1, INTO mustthen be held at 1 until the interrupt
response sequence has been completed. If INTO is set to level mode so
as to release a halt state, INTO must be held at 1 when INTO changes
from O to 1 until the halt state is released. (Hence, it is necessary to
ensure that input neise isnot 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.

DI

LD (1IMC), 00H ; Switches interrupt input mode from level
mode to edge mode.

LD (INTCLR), OAH ; Clears interrupt request flag

NOP ; Wait El instruction

El

INTRX The interrupt request flip-flop can only be cleared by a reset or by
reading the serial channel receive buffer. It cannot be cleared by
INTCLR register write.

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 pin input change from high to low after interrupt request has been generated
in Level Mode. (H —> L)

INTRX: Instruction which read the receive buffer
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3.6 Port Function

The TMP91CU27/CP27/CK27 1/O port pins are shown in Table 3.6.1. In addition to
functioning as general-purpose I/0 ports, these pins are also used by the internal CPU and I/O
functions.

Table 3.6.2 to Table 3.6.3 lists the I/O registers and their specifications.

Table 3.6.1 Port Function
(R: PU = with pull-up resistor)

. Number of . . Direction Pin Names for Built-in
Port Names | Pin Names . Direction R . . .
Pins Setting Unit Functions

Port 0 P00 to PO7 8 110 - Bit ADO to AD7
Port 1 P10 to P17 8 110 - Bit ADS to AD15/A8 to A15
Port 2 P20 to P25 6 110 - Bit A16 to A21/A0 to A5
Port 3 P30 1 Output - (Fixed) RD

P31 1 Output - (Fixed) WR

P32 1 110 PU Bit HWR
Port 4 P40 1 110 PU Bit CS0

P41 1 110 PU Bit Csi1

P42 1 110 PU Bit Cs2
Port 5 P50 to P53 4 Input - (Fixed) ANO'to-AN3;/ADTRG (P53)
Port 6 P60 1 110 - Bit SCK

P61 1 110 N Bit SO/SDA

P62 1 1o N Bit sI/scL

P63 1 /o - Bit INTO
Port 7 P70 1 o) - Bit TAOIN

P71 1 1o - Bit TALOUT

P72 1 /o) - Bit TA30UT

P73 1 O - Bit TA4IN

P74 1 110 - Bit TA50UT
Port 8 P80 1 110 - Bit TBOINO/INTS

P81 1 110 - Bit TBOIN1/INT6

P82 1 110 = Bit TBOOUTO

P83 1 110 2 Bit TBOOUT1
Port 9 P90 1 11O - Bit TXDO

P91 1 /o - Bit RXDO

P92 1 o) - Bit SCLKO/ CTS0

P93 1 11O - Bit TXD1

P94 1 1o - Bit RXD1

P95 1 I/0 - Bit SCLK1/CTs1

P96 1 110 - Bit XT1

P97 1 11O - Bit XT2
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Table 3.6.2 1/0O Port Setting List (1/2)

. o Reset | /0 Register Setting Values
Ports Pin Names Specifications State
Pn PnCR | PnFC
Port 0 P00 to PO7 Input port d X 0 Register
Output port X 1 setting:
ADO to AD7 bus (Note 1) x x None
Port 1 P10 to P17 Input port d x 0 0
Output port X 1 0
ADS8 to AD15 bus X 0 1
A8 to A15 X 1 1
Port 2 P20 to P25 Input port d X 0 0
Output port X 1 0
A0 to A5 output X 0 1
A16 to A21 output X 1 1
Port 3 P30 OQutput port N X . 0
RD output only when accessing 1 Regl.ster 1
an external area setting;
— None
Always RD output 0 1
P31 Output port b X Register 0
WR output only when accessing setting: 1
an external area * None
P32 Input port (without pull up) 0 0 0
Input port (with pull up) ® 1 0 0
Output port X 1 0
HWR output X 1 1
Port 4 P40 to P42 Input port (without pull up) 0 0 0
Input part/(with-pull up) 1 0 0
Output port X 1 0
P40 CS0_output x 1 1
P41 CS1 output x 1 1
P42 CS2 output x 1 1
Port 5 P50 to P53 Input port i X ) )
ANO 1o AN3 input y Register setting:
P53 ADTRG input x None
Port 6 P60.to P63 Input port hd X 0 0
Output port X 1 0
P60 SCK input X 0 0
SCK output X 1 1
P61 SDA input x 0 0
SDA output (Note 2) x 1 1
SO output X 1 1
P62 Slinput X 0 0
SCL input X 0 0
SCL output (Note 2) X 1 1
P63 INTO input X 0 1
X: Don't care
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Table 3.6.3 1/0O Port Setting List (2/2)

. o Reset | /0 Register Setting Values
Ports Pin Names Specifications State
Pn PnCR | PnFC
Port 7 P70 to P74 Input port hd X 0 0
Output port X 1 0
P70 TAOIN input x 0 Register
setting:
None
P71 TALOUT output X 1
P72 TA30OUT output X 1
P73 TAA4IN input X Register
setting:
None
P74 TA50UT output x 1 1
Port 8 P80 to P83 Input port hd x 0 0
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
P83 TBOOUT1 output X 1 1
Port 9 P90 to P95 Input port hd X 0 0
Output port X 1 0
P90 TXDO output X 1 1
P91 RXDO input X 0 Register
setting:
None
P92 SCLKO input X 0 0
SCLKO output X 1 1
CTSO0-input x 0 0
P93 TXD1 output X 1 1
P94 RXD1 input X 0 Register
setting:
None
P95 SCLK1 input X 0 0
SCLK1 output X 1 1
CTS1 input x 0 0
P96 to P97 Input port X 0 Register
Output port (Note 3) ° x 1 setting:
XT1 to XT2 x 0 None
X: Don'tcare

Note 1: Switching among ADO to AD7 are automatically executed at accessing external area.

required.

Note 2: Set ODE<ODEG62:61>when using P61 at SDA and P62 at SCL as open drain output.
Note 3: P96 to P97 are open-drain buffers if they are used as the output ports.

No port setting is
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3.6.1

Port 0 (POO to P07)

Port 0 is an 8-bit general-purpose I/0 port. Each bit can be set individually for input or
output using the control register POCR. Resetting, reset all bits of the control register

POCR to “0” and sets port 0 to input mode.

In addition to functioning as a general-purpose I/O port, port 0 can also function as

address data bus (ADO to AD7).

When access external memory, port 0 function as address data bus (ADO to AD7) and

POCR be cleared to “0”.

Reset

Direction
control
(on bit basis)

!

POCR write

-

Output latch

PO write B
ADO to AD7

Selector (n'
a

Internal data bus

Qutput buffer

External access

External access(Data write)

>_|:| Port 0

POO to P07
(ADO to AD7)

/‘T—CP;-

PO Read

A1

N

I

External access (Data read)

Figure 3.6.1 Port0
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Port 0 Register

7 6 5 4 3 2 1 0
PO Bit symbol P07 P06 P05 P04 P03 P02 P01 P00
(0000H) | Read/Write R/W
Reset State Data from external port (Output latch register is undefined.)

Port 0 Control Register

7 6 5 4 3 2 1 0
POCR Bit symbol P07C P0O6C PO5C P04C P0O3C P02C P01C P0O0C
(0002H) Read/Write w
Reset State 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".)

Port/0'1/O setting

0 Input
1 Output

Note: A read-modify-write operation cannot be performed in POCR.

Figure 3.6.2 Register for Ports 0
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3.6.2 Port1 (P10 to P17)

Port 1 is an 8-bit general-purpose I/0 port. Each bit can be set individually for input or
output using the control register P1CR and function register P1FC. Resetting reset all bits
of output latch P1, the control register PICR and function register P1FC to “0” and sets
port 1 to input mode.

In addition to functioning as a general-purpose I/O port, port 1 can also function as
address data bus (AD8 to AD15) and address bus (A8 to A15).

Reset
/\/

Direction control

(on bit basis)

1
P1CR write

J

Function control

(on bit basis)

P1FC write

1
Output latch —— ] Port1

Output buffer P10 to P17
(ADS8 to AD15/A8 to A15)

Internal data bus

P1 write

=
T—CIO'—<.

P1 read

Figure 3.6.3 Port 1
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Port 1 Register
7 6 5 4 3 2 1 0
P1 Bit symbol P17 P16 P15 P14 P13 P12 P11 P10
(0001H) Read/Write RIW
Reset State Data from external port (Output latch register is cleared to “0".)
Port 1 Control Register
7 6 5 4 3 2 1 0
P1CR Bit symbol P17C P16C P15C P14C P13C P12C P11C P10C
(0004H) | Read/Write w
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 0
Function <<Refer to column of P1FC>>
Port 1 Function Register
7 6 5 4 3 2 1 0
P1FC Bit symbol P17F P16F P15F P14F P13F P12F P11F P10F
(0005H) | Read/Write W
Reset State o | o | o | o | %] o] o 0
Function P1FC/P1CR = 00: Input, 01: Qutput, 10: AD15 to ADS8, 11: A1510-A8

T—) Portl function setting

P1FC<P1XF>
0 1
P1CR<P1XC>
Address data bus
0 Input Port
(AD15 to AD8)
1 Address bus
Output Port
(A15 to A8)

Note: <P1XF>/<P1XC> is bit X of each register PLFC/P1CR.

Note: A read-modify-write operation cannot be performed in-P1CR and P1FC.

Figure 3.6.4 Register for Port 1
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3.6.3  Port 2 (P20 to P25)

Port 2 is a 6-bit general-purpose I/0 port. Each bit can be set individually for input or
output using the control register P2CR and function register P2FC. Resetting, set all bits of
output latch P2 to “1”, and reset the control register P2CR and function register P2FC to
“0” and sets port 2 to input mode.

In addition to functioning as a general-purpose I/O port, port 2 can also function as
address bus (A0 to A5) and address bus (A16 to A21).

Al6t0A21 — 5
AOto A5 —5

Selector
<

o Reset

—

Direction control
(on bit basis)

[

P2CR write

‘ 1
Function
control *

(on bit basis)

|

P2FC write

-

Output latch

I

P2 write

n

Internal data bus

>—|:| Port 2

P20 to P25
(AO to A5/A16 to A21)

Selector

Output buffer

=
Tl

Y P2 read

Figure 3.6.5 Port 2
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Port 2 Register
5 4 3 2 1 0
P2 Bit symbol P25 P24 P23 P22 P21 P20
(0006H) | Read/Write RW
Reset State Data from external port (Output latch register is set to “1".)
Port 2 Control Register
5 4 3 2 1 0
P2CR Bit symbol P25C P24C P23C pP22C pP21C P20C
(0008H) | Read/Write w
Reset State 0 | 0 | 0 | 0] | 0 | 0
Function <<Refer to column of P2FC>>
Port 2 Function Register
5 4 3 2 1 0
P2FC Bit symbol P25F P24F P23F P22F P21F P20F
(0009H) | Read/Write W
Reset State o | o o L o [ o f o0
Function P2FC/P2CR = 00: Input,/01: Output, 10: A5 to A0, 11: A21 to A16

T—> Port 2 function setting

P2FC<P2XF>
0 1
P2CR<P2XC>

Address bus

0 Input Port
(A5 to AD)

Address bus
1 Output Port

(A21 to A16)

Note: <P2XF>/<P2XC> is bit X of each register P2FC/P2CR.
When setting the address buses A21 to A16, set P2FC
first and then set P2CR. Otherwise, addresses A5 to A0
are output until P2CR is set provided P2CR is “0".

Note: A read-modify-write-operation cannot be performed.in P2CR and P2FC.

Figure 3.6.6 Register for Port 2
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3.6.4

Port 3 (P30 to P32)

Port 3 is a 3-bit general-purpose I/O port (however P30 and P31 is only output port). Each
bit can be set individually for input or output using the control register P3CR and function
register P3FC. Resetting, all bits of output latch P3 is set to “1”, and the control register
P3CR (Bit0 and bitl don’t using) and function register P3FC are reset to “0”. And P30 and
P31 of port 3 output “High”, and sets P32 to input mode with pull-up resistor.

In addition to functioning as a general-purpose I/O port, port 3 can also function as the
output for the CPU’s control/status signal.

Case of P30 is defined as RD signal output mode (Case of <P30F>=%1"), when the output
latch register <P30> clearing to “0”, outputs the RD. strobe (used for the pseudo static
RAM) of the RD pin even when the internal addressed.

If the <P30 > remains “1”, the RD strobe signal is output only when the external address

area is accessed.

™M Reset

Direction control
(on bit basis)

i

P3FC write

1
S A
Output latch

n

Internal data bus

> [ ] Pso(RD)
Output-buffer

Selector

P3 write
M RD

( § ternal address area
N T

P3read

Figure 3.6.7Port 3 (P30)
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Reset

Function control

(on bit basis)

)

P3FC write

— S

S A

Internal data bus

™~ ] P31(WR)

Output latch e 1>
Output buffer

Selector

P3 write

WR

Internal address area

P3 read

Reset

P

Direction control

(on bit basis)

)

P3CR write

Function control

Internal data bus

(on bit basis)

P3FC write >0 B pch Eerl)ngSmmable >
s
s
™ 1] P32(FWR)

Selector

Output latch
Output buffer

f
A

P3 write

el

I
s
By

i

?

P3 read

Figure 3.6.8 Port 3 (P31 and P32)
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Port 3 Register

7 6 5 4 3 2 1 0
P3 Bit symbol P32 P31 P30
(0007H) | Read/Write R/IW
Reset State Data from 1 1
external
port Note3
Function O(output
latch
register):
Pull-up
resistor
OFF
1(output
latch
register):
Pull-up
resistor ON
Port 3 Control Register
7 6 5 4 3 2 1 0
P3CR Bit symbol pP32C
(000AH) | Read/Write W
Reset State 0
0: Input
1: Output
Input/ Output setting
0 {Input
1 | Output
Port 3 Function Register
7 6 5 4 3 2 1 0
P3FC Bit symbol — P32F P31F P30F
(000BH) | Read/Write W W
Reset State 0 0 0 0
Function Always 0: Port 0: Port 0: Port
write “0”. 1. HWR 1. WR 1: RD
1
Note 1: A read-maodify-write operation cannot-be.performed in . P30 (RD ) function setting
P3CR and P3FC. <P30>
) . ) <P30 0 1
Note 2:'When port 3 is used in Input mode, the P3 register 0 “0" output “1" output
controls the internal pull-up resistor. Read-modify-write RD output RD is onl)_/
instruction is prohibited in Input mode or 1/O mode. always. output during
Setting the int Loull ist be d d 1 (Correspond | external
etting the internal pull-up resistor may be depend on to pseudo accesses.
the states/of the input pin. SRAM)
Note 3: Output latch register-is set-to “1". — P31 (WR) function setting
<P31> 0 1
<P31F>
0 “0” output “1” output

WR is only output during
external accesses.

—> P32 (HWR ) function setting

1

32C>
<P32 0 1
0 Input port Output port
1 — HWR output

Figure 3.6.9 Register for Port 3
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3.6.5

Port 4 (P40 to P42)

Port 4 is a 3-bit general-purpose I/0 port. Each bit can be set individually for input or
output using the control register PACR and function register P4FC. Resetting, set P40 to
P42 of output register to “1”, the control register P4CR and function register P4FC are reset
to “0” and P40 to P42 are set to input mode with pull-up resistor.

In addition to functioning as a general-purpose I/O port, port 4 can also function as chip
select output signal (CS0 to CS2).

M\

Reset
Iy

)

Direction
control
(on bit basis)

P4CR write

l

Function
control
(on bit basis)

PR—
w

Internal data bus

P4FC write
> 5
Output latch g
B| 3 Output buffer
P4 write .
€so, Cs1, Cs2
/‘ L

ol

Programmable )

P-ch pull up

P42 (CS2)

Lol |

P4 read

Figure 3.6.10, Port4

— | P40 (cs0),

P41 (Cs1),

91CU27-63
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Port 4 Register

7 6 5 4 3 2 1 0
P4 Bit symbol P42 P41 P40
(000CH) |Read/Write RIW
Reset State Data from external port
(output latch register is set to “1".)
Function O(output latch.register)

: Pull-up resistor OFF
1(output latch register)

: Pull-up resistor ON

Port 4 Control Register

7 6 5 4 3 2 1 0
P4CR Bit symbol P42C P41C P40C
(000EH) | Read/Write w
Reset State 0 | 0 | 0

0: Input 1: Qutput

L’ Input/Qutput setting

Q< }Input
1 |'Output
Port 4 Function Register
7 6 5 4 3 2 1 0
P4FC ] Bit symbol P42F P41F P40F
(O00FH) | Read/Write W
Reset State 0 | 0 | 0
Function 0: Port 1: CS
— |
Port (P40)
CSo
Port (P41)
—_— —
Ccs1
0 | Port (P42)
L o
1 | Cs2

Note 1: A read-modify-write operation cannot be performed in PACR and P4FC.
Note 2: When port 4 is used-in Input mode, the P4 register controls the internal pull-up resistor. Read-modify-write

instruction is prohibited in Input mode or I/O mode. Setting the internal pull-up resistor may be depend on the
states of the input/pin.

Note 3: When output chip-select signal (CS0 to CS2), set bit of control register (P4CR) to “1” after set bit of function
register (P4FC) to “1". Otherwise, the value in P4 is output until P4FC is set.

Figure 3.6.11 Register for Port 4
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3.6.6 Port 5 (P50 to P53)
Port 5 is a 4-bit input port and can also be used as the analog input pin for the AD
converter. P53 can also be used as AD trigger input pin for AD converter.
(N
e DPort 5

" \I\I P50 (ANO)
2 Port 5 read P51 (AN1)
o P52 (AN2)
g P53 (AN3, ADTRG
T

o

3

E

Convertion AD Channel
? result converter selector
register
AD read
N
ADTRG
(only P53) o<
Figure 3.6.12 Port5
Port 5 Register
7 6 5 4 3 2 1 0
P5 Bit symbol P53 P52 P51 P50
(000DH) | Read/write R
Reset State Data from external port

Note: The input channel selection of AD converter and the permission of AD trigger input of P53 set by AD converter

mode register ADMODL1.

Figure 3.6.13 Register for Port 5
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3.6.7 Port 6 (P60 to P63)

Port 60 to P63 are 4-bit general-purpose I/O ports. It is changed to an input port by
resetting. All bits of output latch register P6 are set to “1”.

In addition to functioning as an I/O port, port 6 can also function as input or output
function of serial bus interface. This function enables each function by writing “1” to
applicable bit of Port 6 function register P6FC.

At reset, P6CR and P6FC are reset to “0” and all the bits are changed to the input ports.

(1) Port 60 (SCK)

In addition to functioning as an I/O port, port 60-can also function as clock SCK I/O
port in SIO mode of serial bus interface.

Reset

-

Direction
control
(on bit basis)

0
P6CR write
0_4(
Function
control
(on bit basis)

P6F€: write
1

S
Output latch

Internal data bus

A S

Selector

I N ]
P6 \’/\r/rite P60 (5Cl

SCK output ——— 1B
—

S B
1 Select
<l elector

A

SCK input <—<]—

Figure 3.6.14 Port 60
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(2) Port 61 (SO/SDA)

In addition to functioning as an I/O port, port 61 can also function as data SDA I/O
port in I2C mode or data SO output pin in SIO mode of serial bus interface.

Reset

~

Direction
control
(on bit basis)

P6CR write
1 1
Function
control
(on bit basis)

)

P6FC write

S
Output latch —l—->A S

Selector P> T]p61 (SOISDA
P6 write { )

SO output B Open-.drain
SDA output possible:
17 ODE<ODE61>
S B
g Selector

‘rl

P6 read A

SDA input <|‘

Internal data bus

Figure 3.6.15 Port 61
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(3) Port 62 (SI/SCL)

In addition to functioning as an I/O port, port 62 can also function as data SI
receiving pin in SIO mode or clock SCL I/O pin in I2C bus mode of serial bus interface.

Reset

Direction
control
(on bit basis)

D
P6CR write

Function
control
(on bit basis)

P6FC write

S
Output latch _|—>A S

o \Tvme Selector > [ Ipe2 (siscL)
Open-drain
possible:
ODE<ODE62>

Internal data bus

SCL output B

—

S B
1 Selector

‘rl

P6 read A

Sl input <,‘
SCL input <——<]—T

Figure 3.6.16 Port 62
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(4) Port 63 (INTO)

In addition to functioning as an I/O port, port 63 can also function as INTO input pin

of external interrupt.

"~ Reset

Direction
control
(on bit basis)

D)
P6CR write

Function
control —
(on bit basis)

P6FC write

1
S

Output latch

Internal data bus

T
P6 write P63 (INTO)

—
S/B

bd Selector
N
-~ P6 read A

Select level/edge

NTo ——( | &

Select rising/falling

IIMC<IOLE, IOEDGE>

Figure 3.6.17 Port 63
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Port 6 Register
5 4 3 2 1 0
P6 Bit symbol P63 P62 P61 P60
(0012H) Read/Write R/W

Reset State

Data from external port
(Output latch register is set to “1”)

Port 6 Control Register
5 4 3 2 1 0
P6CR Bit symbol P63C P62C P61C P60C
(0014H) | Read/Write W
Reset State 0 o o | o
Function Q: Input.~ 1: Output
> Port6 I/0O setting
0 }lnput
1| Output
Port 6 Function'Register
5 4 3 2 1 0
P6FC Bit symbol P63F P62F P61F P60F
(0015H) Read/Write w W, W w
Reset State 0 0 0 0
Function 0: Port 0: Port 0: Port 0: Port
17 INTO 1: SCL 1: SDA/SO |[1: SCK
input output output output
E P60 SCK output setting
P6FC<P60F>
P6CR<P60C>

— > P62 SCL output setting

P61 SDA/SO output setting

P6FC<P61F> 1

P6CR<P61C> 1

P6FC<P62F>

P6CR<P62C>

P63 INTO input setting

P6FC<P63F>
P6CR<P63C>
Note: A read-modify-write operation cannot be performed in P6CR and P6FC.
Figure 3.6.18 Register for Port 6
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Open Drain Output Setting Register
6 5 4 3 2 1 0
ODE bit Symbol ODEG62 ODE61 ODE93 ODE90
(002FH) Read/Write R/IW
Reset State 0 0 0 0
Function 0: Tri-state | 0: Tri-state { O:Tri-state | 0: Tri-state
1: Open 1: Open 1: Open 1: Open
drain drain drain drain

Figure 3.6.19 Register for-Port 6

L

P61 output setting

0

Tri-state

1

Open drain

———— > P62 output setting

0

Tri-state

1

Open-drain

91CuU27-71
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3.6.8 Port 7 (P70 to P74)

Port 7 is a 5-bit general-purpose I/O port. It is changed to an input port by resetting.

In addition to functioning as a I/O port, port 70 and 73 can also function as clock input
pin TAOIN, TA4IN of 8-bit timer 0, 4 and port 71, 72 and 74 can also function 8-bit timer
output pin TA1OUT, TASOUT and TA50UT. This timer output function enables each
function by writing “1” to applicable bit of Port 7 function register P7FC.

At reset, PTCR and P7FC are reset to “0” and all the bits are changed to the input ports.

Reset
(N
Direction
control
(on bit basis)
P7CR write
s P70 (TAOIN)
Output latch ' ] P73 (TA4IN)
T
P7 write S B
ﬂ Selector
P7 read
TAOIN A
TA4IN Reset
2 Direction
ﬁ control
T (on bit basis)
o
T P7CR write
‘CI:) q
= Function
control
(on bit basis)
P7FC write
S
Output latch L
T Als
P7 write
o Selector > "] P71 (TALOUT)
_ P72 (TA30UT)
Timer F/F OUT B P74 (TA50UT)
TALOUT: TMRAO1
TA30UT: TMRA23
TAS0UT: TMRA45 B
4 Selector
N P7 read s A
[

Figure 3.6.20 Port 7
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P7
(0013H)

P7CR
(0016H)

P7FC
(0017H)

Port 7 Register

7 6 5 4 3 2 1 0
Bit symbol P74 P73 P72 P71 P70
Read/Write R/W
Reset State Data from external port
(Output latch register is set to “1".)

Port 7 Control Register

7 6 5 4 3 2 1 0
Bit symbol P74C P73C P72C P71C P70C
Read/Write W
Reset State o | o o] 0o | o
Function 0: Input 1: Output

L sPort'71/Osetting

0_ |[Input
1 | Output
Port 7 Function Register
7 6 5 4 3 2 1 0
Bit symbol P74F P72F P71F
Read/Write W W
Reset State 0 0 0
Function 0: Port 0: Port 0: Port
1: TASOUT 1: TA3OUT [1: TAIOUT

P71 timer out 1 output setting

P7FC<P71F> 1

P7CR<P71C> 1

—> P72 timer out 3 output setting

P7FC<P72F> 1

P7CR<P72C> 1

P74 timer out 5 output setting

P7FC<P74F> 1

P7CR<P74C> 1

Note 1: A read-modify-write operation cannot be performed in P7CR and P7FC.
Note 2:P70/TAOIN and P73/TA4IN pin does not have a register changing Port/Function.

For example, when it is used as an input port, the input signal is inputted to 8-bit timer.

Figure 3.6.21 Register for Port 7
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3.6.9

Port 8 (P80 to P83)

Port 8 is a 4-bit general-purpose I/O port. It is changed to an input port by resetting. All
the bits of output latch register P8 are set to “1”.

In addition to functioning as a I/O port, port 8 can also function as clock input of 16-bit
timer, output of 16-bit timer F/F and input function of INT5 to INT6. This function enables
each function by writing “1” to applicable bit of port 8 function register PSFC.

At reset, PSCR and P8FC are reset to “0” and all the bits are changed to the input ports.

(1) P80 to P83

Reset

Direction
control
(on bit basis)

P8CR write

Function
control [
(on bit basis)

P8FC write

S )

D P80

Output latch

[
P8 write

S B

Selector

TBOINO, INT5
TBOINL, INT6

d
<N

P8 read

A

Reset

(TBOINO/INTS)

P81
(TBOIN1/INT6)

1

Direction
caontrol
(on bit basis)

Internal data bus

PBCR write

Function
control
(on hit basis)
A

P8FC write

S —1A-S
Output latch
7 Selector

. P8 write
Timer F/F OUT B

TBOOUTO: TMRBO
TBOOUT1: TMRBO

D P82

(TBOOUTO)

P83
(TBOOUT1)

K7

B
1

W
P8 read

Selector

N S A

(-

Figure 3.6.22 Port 8 (P80 to P83)
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Port 8 Register

7 6 5 4 3 2 1 0
P8 Bit symbol P83 P82 P81 P80
(0018H) | Read/Write R/W
Reset State Data from external port
(Output latch register is set to “1".)

Port 8 Control Register

7 6 5 4 3 2 1 0
P8CR  |Bit symbol P83C P82C P81C P8OC
(001AH) | Read/Write W
Reset State o {0 o | o

0:-Input 1: Output

—— > Port 8 1/O setting

0" |Input
1 [Output
Port 8 Function Register
7 6 5 4 3 2 1 0
P8FC Bit symbol P83F P82F P81F P8OF
(001BH) | Read/Write W W W W
Reset State 0 0 0 0
Function 0: Port 0: Port 0: Port 0: Port
1. TBOOUT1 |1: TBOOUTO | 1: TBOIN1 1: TBOINO
INT6 input [ INTS5 input

P82 TBOOUTO output setting
P8FC<P82F>
P8CR<P82C> 1

—— > P83 TBOOUT1 output setting
P8FC<P83F>
P8CR<P83C>

Note: A read-modify-write operation cannot-be performed in PBCR and P8FC.

Figure 3.6.23 Register for Port 8
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3.6.10 Port 9 (P90 to P97)

e Ports 90 to 95
Ports 90 to 95 are a 6-bit general-purpose I/O port. It is changed to an input port by
resetting. All the 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 I/O of SIOO0,
SIO1. This function enables each function by writing “1” te_ applicable bit of port 9
function register POFC.

At reset, P9CR and P9FC are reset to “0” and all the bits are changed to the input
ports.

e Ports 96 to 97

Ports 96 to 97 are a 2-bit general-purpose I/0 port. When they function as an output
port, open drain output is selected. At reset, output latch register and control register
are set to “1” and “High-Z” (High impedance) are set.

In addition to functioning as a I/O port, ports 96 to 97 canalso function as the
low-frequency oscilator connection pins (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.

(1) Ports 90 and 93 (TXDO and TXD1)

In addition to functioning /as-an I/O port, Ports-90-and93 can also function as TXD
output pin of serial channel.

And P90 and P93 have a programmable open-drain function which can be controlled
by the ODE<ODE90, 93> register.

~ Reset

Direction
control
(on-bit basis)

PICR write

Function
control
(on bit basis)

)
POFC write

Internal data bus

S A S
Output latch R
PO ite Setecter > L1206
TXDO; TXD1 B Open-drain
2 possible

S B
] Selector ODE<ODE90, 93>

<N
~ P9 read

Al

Figure 3.6.24 Ports 90 and 93
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(2) Ports 91 and 94 (RXDO and RXD1)

In addition to functioning as an I/O port, ports 91 and 94 can also function as the
RXD input pin of serial channel.

~— Reset

4

Direction
control
(on bit basis)

[
PICR write

T

S
Output latch

1
P9 write S B
e

W Selector

—1 ] P91 (RXDO)

P94 (RXD1)

Internal data bus

P9 read A

RXDO, RXD1

Figure 3.6.25 Ports 91 and 94
(3) Ports 92 and 95 (CTS0 /SCLKO0, CTS1/SCLK1)

In addition to functioningas an I/O port, ports 92.and 95 can also function as the
CTS input pin or SCLK I/O pin of serial channel.

Reset

Direction
control
(on bit basis)
A

PIOCR write

Function
control
(on bit basis)

1
POFC write

S
Output latch - 7A S

N N
1 Selector > [ P92 (SCLKO/CTS0 )

P9 write —_—
SCLKO, 1 B P95 (SCLK1/CTS1)

output

Internal data bus

—

S B

ﬂ Selector

P9 read A
CTS0, CTS1
SCLKO, SCLK1 input

Figure 3.6.26 Port 92, 95
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(4) Ports 96 (XT1) and 97 (XT2)

frequency oscillator connection pins.

Internal data bus

Reset —0—l
S

Direction

control

(on bit basis)

In addition to functioning as an I/O port, ports 96 and 97 can also function as low

Low-frequency oscillation enable

..&lwrite
S
Output latch > - El P96 (XT1)
Output buffer
(Open-drain
P9 write output)
)
S <!
Selector
v A
P9 read JL
(ON at 1)3
S
Direction
control
(on bit basis)
PQCRT write
S
Output latch > _ El b7 (<12)
Output buffer
P9 write (Open-drain
v output) Low-frequency clock
S

Selector
Tlf Y

A

P9 read

Figure 3.6.27 Ports 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
(0019H) | Read/Write R/W
Reset State 1 1 Data from external port
(Output latch register is set to “1".)
Port 9 Control Register
7 6 5 4 3 2 1 0
POCR Bit symbol P97C P96C P95C P94C P93C P92C P91C P90C
(001CH) | Read/Write w
Reset State 1 1 o | o | o 0o o | o
Function 0: Input 1: Output
T Port9 1/O setting
0 Input
1 Output
Port 9 Function Register
7 6 5 4 3 2 1 0
POFC Bit symbol P95F P93F P92F P90OF
(001DH) | Readwrite w w w W
Reset State 0 0 0 0
Function 0: Port 0: Port 0: Port 0: Port
1: SCLK1 1: TXD1 1: SCLKO 1: TXDO
output output
]

L

P90 TXDO output setting

POFC<P90F>

P9CR<P90C>

— > P92 SCLKO output setting

POFC<P92F>

P9CR<P92C>

> P93 TXD1 output setting

POFC<P93F>

P9CR<P93C>

P95 SCLK1 output setting

POFC<P95F>

P9CR<P95C>
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Open Drain Output Setting Register
6 5 4 3 2 1 0
ODE bit Symbol ODE62 ODE61 ODE93 ODE90
(002FH) Read/Write R/W
Reset State 0 0 0 0
Function 0: Tri-state | 0: Tri-state [ 0: Tri-state | 0: Tri-state
1: Open 1: Open 1: Open 1: Open
drain drain drain drain

Note 1: Ports 96 and 97 are open-drain output pins

|—> P90 output setting

0

Tri-state

1

Open drain

— > P93 output setting

0

Tri-state

1

Open drain

Note 2: A read-modify-write operation cannot be performed.in P9CR and P9FC.
Note 3: When setting TXD pin to open-drain output, write “1” to bitO of ODE register (for TXDO pin), or bitl (for TXD1
pin). P91/RXD0 and P94/RXD1 pin'do not have a register changing Port/Function.

For example, when it is also used-as an input port, the‘input signal is.inputt to SIO as serial receiving data.

Note 4: Low frequency oscillation circuit

To connect a low frequency resonatorto ports 96 and 97, it is necessary to set a following procedure to reduce

the consumption power/supply.

(Case of resonator connection)
PICR<P96C, P97C>= “11", P9<P96:97> = “00”
(Case of-oscillator connection)
P9CR<P96C, P97C>="11", P9<P96:97> = 10"

Figure 3.6.28 Register for Port 9
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3.7

Chip select/Wait Controller

On the TM91CU27/CP27/CK27, four user-specifiable address spaces (CS0 to CS3) can be set.
The data bus width and the number of waits can be set independently for each address spaces
(CS0 to CS3 and others).

The pins CS0 to CS2 (which can also function as port pins P40 to P42) are the respective
output pins for the CSO to CS2 spaces. When the CPU specifies an address in one of these
spaces, the corresponding CS0 to CS2 pin outputs the chip select signal for the specified address
space (in ROM or SRAM). However, in order for the chip select signal to be-output, the port 4
control register PACR and function register P4AFC must be set.

The CSO to CS3 spaces are defined by the values in/the memory start address registers
MSARO to MSAR3 and the memory address mask registers MAMRO to MAMRS3.

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

Since the TM91CU27/CP27/CK27 are not equipped with-CS3 pin, CS sighal that should be
generated in CS3 space is not automatically generated. Generating CS signal is required (e.g.
by decoding the address by the external circuit), Other functions (setting the bus width and
WAIT value) are available.

3.7.1  Specifying an Address spaces

The CSO to CS3 address spaces are specified using the/start address registers (MSARO to
MSARS3) and memory address mask registers (MAMRO to MAMRS3).

At each bus cycle, a compare operation is performed to determine if the address on the
specified a location in the CS0.to CS3spaces. If the result of the comparison is a match, this
indicates an access to the corresponding CS space. In thiscase, the CSO toCS2 pin outputs
the chip select signal and the bus cycle operates in accordance with the settings in chip
select/wait control register BOCS to B3CS. (See section 3.7.2, “Chip Select/Wait Control
Registers”.)
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(1) Memory Start Address registers
Figure 3.7.1 shows the Memory Start Address registers. The MSARO to MSAR3
specify the start addresses for the CS0 to CS3 spaces. The bits <S23:S16> specify the
upper 8 bits (A23 to A16) of the start address. The lower 16 bits of the start address
(A15 to AO) are assumed to be “0”. Accordingly, the start address can only be a multiple
of 64-Kbytes ranging from 000000H. Figure 3.7.2 shows the relationship between the
start addresses and the Memory Start Address register values.

Memory Start Address Register (CS0 to CS3 spaces)

7 6 5 4 3 2 1 0
MSARO /MSARl Bit symbol S23 S22 S21 S20 S19 S18 S17 S16
(00C8H) / (00CAH) | Read/Write RIW
MSAR?2 / MSAR3 | Reset State 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1
(00CCH) / (00CEH) | Function Determines A23 to A16-of the start address
[ :
T—>Specifies start addresses for CS0 to CS3
spaces
Figure 3.7.1 Memory Start Address Register
Start address Start address register value (MSARO to MSAR3)
Address
000000H 64 Kbytes 000000H .....0.. 0 e O0OH
010000H ..o 01H
[0221001010] o BT 02H
T 030000H. ...t 03H
< 040000H “ieveiiereniinnne. 04H
< 050000H, .\, 05H
T 060000H...........ccoes... 06H
— 001010 - FFH
FFFFFFH

Figure 3.7.2 Relationship Between Start Addresses and the Memory Start Address Register Values
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(2) Memory Address Mask Registers

Figure 3.7.3 shows the Memory Address Mask registers. MAMRO to MAMRS3 are
used to determine the sizes of the CS0O to CS3 spaces by setting particular bits in
MAMRO to MAMRS3 to mask the corresponding start address bits. The address
compare logic uses only the address bits that are not masked (i.e., mask bit cleared to

“0”) to detect an address match in the CSO to CS3 spaces.

Also, the address bits that can be masked by MAMRO to MAMR3 differ between CSO
to CS3 spaces. Accordingly, the block size that can be assigned to each space is also

different.
Memory Address Mask Register (CSO space)
7 6 5 4 3 2 1 0
MAMRO Bit symbol V20 V19 V18 V17 V16 V15 V14 to 9 V8
(OOC9H) | Read/Write R/W
Reset State 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1
Function CSO0 block size.  0: The /address.compare logic uses this address bit
The CSO block size can vary from 256 bytes to 2 Mbytes
Memory Address Mask Register (CS1 space)
7 6 5 4 3 2 1 0
MAMR1 Bit symbol V21 V20 V19 V18 V17 V16 V15to 9 V8
(00CBH) | Read/Write RIW
Reset State 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1
Function CS1 block size.  0: The address compare logic uses this address bit
The CS1 block size can vary from 256 bytes to 4 Mbytes.
Memory Address Mask Register (CS2 and CS3 spaces)
7 6 5 4 3 2 1 0
MAMR2 /MAMR3 Bit symbol V22 V21 V20 V19 V18 V17 V16 V15
(00CDH)/ (00CFH)| Read/Write R/W
Reset State 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1
Function CS2 or CS3 block size.~ 0: The address compare logic uses this address bit
The CS2 and CS3 block sizes can varyfrom 32 Kbytes to 8 Mbytes.
Figure 3,7.3 Memory Address Mask Register
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(3) Setting the start address and address ranges

An example of specifying a 64-Kbyte address spaces starting from 010000H for the

CSO0 space:

Set “01H” in the MSAR0<S23:S16> bit that corresponds to the upper 8 bits of the
start address. Then, calculate the difference between the start address and the
anticipated end address (01FFFFH) based on the size of the CS0 space. Bits 20 to 8 of
the calculation result correspond to the mask value to be set for the CSO space. Setting
this value in the MAMRO<V20:V8> bits specifies the block size. This example sets
“07H” in MAMRO to allocate a 64-Kbyte address space for-the CSO space.

lofolofofofofofaafafafafafa]afafafafa]afa]atfala]

H
| 0 | 1 | F | F I F | F |
S23 S22 S21 S20 S19 S18 S17 S16
msaro [o]oJofoJoJofo]1]o|o]o]o]o]o]o]o]o]ofalo]o]o]o]o]s
D | o | 1 0 0 0 0
V20V19V18 V17 V16 V15 V14 to V9 V8

mamro 20 -0:0:0]ofofofofafs 1 1 1 1 afai]1 1 1 1 1 A1

I 0 I ’

H

I—>Setting of 07H specifies a 64-Kbyte space.

Figure 3.7.4 Example Showing Howto Set the CS0 space

Memory
end CSO0 block
address | size

(64 Kbytes)
Memory
start
address

Memory address
mask register
setting

After a reset, MSARO to/MSAR3 and MAMRO to MAMRS3 are set to “FFH”.
BOCS<BOE>, BICS<B1E> and B3CS<B3E> are reset to “0”. Therefore this is disabling
the CS0, CS1 and CS3 spaces. However, set.as B2CS<B2M> to “0” and B2CS<B2E> to
“1”, CS2 is enabled from 003800H to. FE7TFFFH in TMP91CU27, from 002000H to
FF3FFFH in TMP91CP27 and from-001400H to FFOFFFH in TMP91CK27. Also, the
bus/'width) and number of waits| specified in BEXCS are used for accessing addresses
outside the specified CS0 to.CS3 spaces. (See section 3.7.2, “Chip Select/Wait Control

Registers”.)
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(4)

Programming block sizes

Table 3.7.1 shows the relationship between CS spaces and their sizes. The “A” symbol
indicates the size that might not be programmable depending on the combination of
the values of the Memory Start Address and Memory Address Mask registers. When
specifying a block size indicated as “A”, set the start address register to a multiple of
the desired block size starting from 000000H.

If the 16 Mbytes range is defined as CS2 space or if two or more spaces overlap, the
setting for the CS space with the smallest number overrides the setting for other
spaces because of its highest priority.

Example: Defining 128 Kbytes area as the CSO0 space:
a. Valid start addresses

000000H ) 128 Kbytes

020000H ) 128 Kbytes The desired black size can be programmed with
040000H this configuration.
) 128 Kbytes

060000H
1

b. Invalid start addresses

000000H ) 64 Kbytes

010000H ) This start address is not a multiple of the desired

128 Kbytes block size. Hence, the desired block size cannot
030000H ) 128 Kbytes be programmed with-this configuration.
050000H

Table 3:7.1 Valid Block Sizes for Each CS Space

Size
Byte)| 256 512 | 32K | 64K [128K 256 K|512K| 1M 2M 4 M 8M
CS space
CS0 O o A A A A A
Cs1 o A A A A A A
CS2 o A A A A A A A
CS3 o A A A A A A A

Note: The “A” symbol indicates the sizes that may not be programmable depending on the combination of the values

of the Memory Start Address and Memory Start Address mask register combinations.

91CU27-85 2008-01-24



TOSHIBA TMP91CU27/CP27/CK27

3.7.2  Chip Select/Wait Control Registers

Figure 3.7.5 lists the 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 (CSO to CS3 and others) are set in their respective chip
select/wait control registers, BOCS to B3CS and BEXCS.
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Chip Select/Wait Control Register
7 6 5 4 3 2 1 0
BOCS Bit symbol BOE BOOM1 BOOMO BOBUS BOW2 BOW1 BOWO
(00COH) | Read/write w w
Reset State 0 o | o 0 o | o | o
Function 0: Disable Chip select output Data bus [ Number of waits
1: Enable waveform selection width 000: 2 waits 100: Reserved
00: For ROM/SRAM 0: 16 bits [ 001: 1 wait 101: 3 waits
01: Don’t care 1: 8 bits 010: (1 + N) waits ~110: 4 waits
10: Don't care 011: 0 waits 111: 8 waits
11: Don't care
B1CS Bit symbol B1E B1OM1 | B1OMO B1BUS B1W2 | B1w1 | B1WO0
(00C1H) |Read/write w W
Reset State 0 0 | 0 0 0 | 0 | 0
Function 0: Disable Chip select output Data bus [ Number of waits
1: Enable waveform selection width 000:-2 waits 100: Reserved
00: For ROM/SRAM 0: 16 bits  [001: 1 wait 101: 3 waits
01: Don't care 1: 8 bits 010: (1 + N) waits 110: 4 waits
10: Don't care 011: 0 waits 111: 8 waits
11: Don't care
B2cs  |Bit symbol B2E B2v | B2om1 | B2omo | BzBUs | Bow2 | Bowi | Bowo
(00C2H) |Read/Write w
Reset State 1 0 0 | 0 0 0 | 0 | 0
Function 0: Disable [CS2 area |Chip select output Data bus | Number of waits
1: Enable [selection [|waveform selection width 000: 2 waits 100: Reserved
0:16- 00: For ROM/SRAM 0: 16 bits | 001 1T wait 101: 3 waits
Mbyte | 01: Don’tcare 1:8bits | 010:/(1 + N)waits ~ 110: 4 waits
area 10: Don't care 011:0 waits 111: 8 waits
1:CSarea|11: pon't care
B3cS  |Bit symbol B3E B30M1 | B3OMO | B3BUS | B3aw2 | B3wi | B3wo
(00C3H) |Read/Write w W
Reset State 0 o | o 0 o | o | o
Function 0: Disable Chip select output Data bus | Number of waits
1: Enable waveform selection width 000: 2 waits 100: Reserved
00:'For ROM/SRAM 0:-16 bits | 001: 1 wait 101: 3 waits
01: Don't care 1:.8 bits 010: (1 + N) waits  110: 4 waits
10: Don't care 011: 0 waits 111: 8 waits
11: Don't care
BEXCS Bit symbol BEXBUS BEXW?2 | BEXW1 | BEXWO
00C7H) | Read/write w
Reset State 0 o | o | o
Function Data bus | Number of Waits
width 000: 2 waits 100: Reserved
0: 16 bits | 001: 1 wait 101: 3 waits
1: 8 bits 010: (1 + N) waits ~ 110: 4 waits
011: 0 waits 111: 8 waits

Master enable bit 1

0 |Disable,CS area

1| Enable CS area S

CS2area selection «— |

0 | 16-Mbyte area

1 [ Specified address area

!

Chip select output waveform

election

00 | For ROM/SRAM

01 | Don't care
10
11

Don’t care
Don't care

Number of address space waits
(See section 3.7.2, “(3) Wait Control.”)

——— Data bus width selection

0 | 16-bit data bus
1 | 8-bit data bus

Notel: A read-modify-write operation cannot be performed in BOCS, B1CS, B2CS, B3CS and BEXCS.

Note2: TMP91CU27/CP27/CK27 are not equipped with WAIT pin. 1 WAIT is automatically selected when

BxCS<BxW2:0>="010"(1+N)WAIT is set.

Note3: TMP91CU27/CP27/CK27 are not equipped with CS3 pin (P43). WAIT control is enabled when MSAR3 and

MAMRS3 are set and B3CS<B3E>="1".

Figure 3.7.5 Chip Select/Wait Control Register
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(1) Master enable bits
Bit7 (<BOE>, <B1E>, <B2E> or <B3E>) of a chip select/wait control register is the
master bit that is used to enable or disable settings for the corresponding address
space. Writing “1” to this bit enables the settings. Reset disables (Sets to “0”) <BOE>,
<B1E> and <B3E>, and enables (sets to “1”) <B2E>. This enables space CS2 only.

(2) Data bus width specification

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-bit data

bus 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 3.7.2.

Table 3.7.2 Dynamic Bus Sizing

Operand Data | Operand Start | Memory Data CPU Data
Bus Width Address Bus Width CPU Quldress D15 t
o D8 D7to DO
8 bits 2n+0 8 bits 2n+0 XXXXX b7 to b0
(Even number) 16 bits 2n+0 XXXXX b7 to b0
2n+1 8 bits 2n+1 XXXXX b7 to b0
(Odd number) 16 bits 2n+1 b7'to b0 XXXXX
16 bits 2n+0 8 bits 2n+0 XXXXX b7 to b0
(Even number) 2n4d XXXXX b15 to b8
16 bits 2n+0 b15 to b8 b7 to b0
2n+1 8 bits 2n+1 XXXXX b7 to b0
(Odd number) 2n+2 XXXXX b15 to b8
16 bits 2n+1 b7 to b0 XXXXX
2n+ 2 XXXXX b15 to b8
32 bits 2n+0 8 bits 2n+0 XXXXX b7 to b0
(Even-number) 2n +1 XXXXX b15 to b8
2n+2 XXXXX b23 to b16
2n+3 XXXXX b31 to b24
16-bits 2n+0 b15 to b8 b7 to b0
2n + 2 b31 to b24 b23 to b16
2n+1 8 bits 2n+1 XXXXX b7 to b0
(Odd number) 2n+2 XXXXX b15 to b8
2n+3 XXXXX b23 to b16
2n+4 XXXXX b31 to b24
16 bits 2n+1 b7 to b0 XXXXX
2n+2 b23 to b16 b15 to b8
2n + 4 XXXXX b31 to b24

“xxxxx": The input data placed on the data bus indicated by this symbol is ignored during a read operation. During a

write operation, the bus is in the high-impedance state, and the write strobe signal remains inactive.
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(3) Wait control

Bits 0 to 2 (<BOWO0:2>, <B1WO0:2>, <B2W0:2>, <B3W0:2>, <BEXW0:2>) of a chip
select/wait control register specify the number of waits that are to be inserted when the

corresponding memory area is accessed.

The following types of wait operation can be specified using these bits. Bit settings
other than those listed in the table should not be made. These bits are set to “000” (2
waits) by resetting.

Table 3.7.3 Wait Operation Setting

<BxW2:0> Numb.er of Wait Operation
Waits
000 2 Inserts a wait of 2 states.
001 1 Inserts a wait of 1 state.
010 (1+N) Same operation with 1 wait because of nothing WAIT pin.
011 0 Ends the bus cycle without a wait.
100 Reserved Invalid setting
101 3 Inserts a wait of 3 states.
110 4 Inserts a wait of 4 states.
111 8 Inserts a wait of 8 states.

(4)

(5)

Bus width and wait control for-an area other than CS0 to.CS3

The chip select/wait control register BEXCS controls the bus width and number of
waits when memory locations that are not in one of the four user-specified address
spaces (CS0 to CS3) are accessed. The BEXCS register settings are always enabled for
areas other than CSO0 to CS3.

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 areas (from 003800H to FE7FFFH in TMP91CU27, from
002000H to “FF3FFFH in TMP91CP27 and from 001400H to FF9FFFH in
TMP91CK27) as.the CS2 space. Setting B2CS<B2M> to “1” designates the address
area specified by the start address register MSAR2 and the address mask register
MAMR2 as CS2 (e.g., if B2CS<B2M> = 1, CS2 is specified in the same manner as CSO0,
CS1 and CS3 are).

A Reset clears this/bit to “0”, specifying CS2 as a 16-Mbytes address area.
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(6) Procedure for setting chip select/wait control
When using the chip select/wait control function, set the registers in the following
order:
a. Set the Memory Start Address Registers MSARO to MSARS.
Set the start addresses for CSO to CS3.
b. Set the Memory Address Mask Registers MAMRO to MAMRS3.
Set the sizes of CSO to CS3.

c. 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 CSO to CS3 spaces:

The CSO to CS2 pins can also function as pins P40 to P42. To output a chip select
signal using one of these pins, set the corresponding bit in‘the port 4 function register
P4FC and port 4 control register P4CR to “1”.

If a CSO to CS3 address is specified which is actually an internal /O, RAM and ROM
area address, the CPU accesses the internal address area and no chip select signal is
output on any of the CS0 to CS2 pins.

Example:
In this example CSO0 is setto be the 64-Kbyte space 010000H to 0O1FFFFH. The
bus width 1s set to 16 bits and the number of waits-1s cleared to “0”.

MSARO =01H Start address: 010000H
MAMRO = 07H Address space: 64 Kbytes

BOCS = 83H ROM/SRAM, 16-bit-data bus, zero waits, CSO space
settings enabled
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3.7.3  Connecting External Memory
Figure 3.7.6 shows an example of how to connect external memory to the
TMP91CU27/CP27/CK27.
In this example the ROM is connected using a 16-bit bus. The RAM and I/O are
connected using an 8-bit bus.
TMP91CU27 74AC573
TMP91CP27
TMPO1CK27 ﬁ DQ Address data bus d
_ | 1 U]
€0 s s s S
csi N 5o coperie || Laer e s 5
e LE i ) & o
ALE|
e T
ADS ] i
AD15|
ADO|
. 11
AD7
RD b
WR |

Figure 3.7.6 Example of External Memory Connection
(ROM uses 16-hit bus, RAM and I/O uses 8-bit bus)
A reset clears all bits/of the port 4 control register P4ACR and the port 4 function register

P4FC to “0” and disables output of the CS signal in TMP91CU27/CP27/CK27. To output the
CS signal, the appropriate bit/must be/'set PACR to “1” after set P4FC to “1”.
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3.8 8-Bit Timers (TMRA)

The TMP91CU27/CP27/CK27 feature 6 channels (TMRAO to TMRAB) built-in 8-bit timers.
These timers are paired into 3 modules: TMRAO1, TMRA23 and TMRA45. Each module
consists of 2 channels and can operate in any of the following 4 operating modes.

e  8-bit interval timer mode

e  16-bit interval timer mode

e  8-bit programmable square wave pulse generation output mode (PPG: Variable duty

cycle with variable period)

e  8bit pulse width modulation output mode (PWM: Variable duty cycle with constant
period)

Figure 3.8.1 to Figure 3.8.3 show block diagrams for TMRAOT, TMRA23 and TMRA45.
Each channel consists of an 8-bit up counter, an 8-bit comparator and an /8-bit timer register.

In addition, a timer flip-flop and a prescaler are provided for each pair of channels.

The operation mode and timer flip-flops are controlled by a 5-byte registers (SFR: Special
function registers).
Each of the three modules (TMRAO1, TMRA23 and TMRA45) can be operated independently.
All modules operate in the same manner except for the differences shown in Table 3.8.1; hence
only the operation of TMRAO1 is explained here.

Table 3.8.1 Registers and Pins for-Each-Module

Module
o TMRAO01 TMRA23 TMRA45
Specification
Input pin for external TAOIN None TA4IN
External | clock (Shared with P70) (Shared with P73)
pins Output pin for timer TA10UT TA30UT TA50UT
flip-flop (Shared with P71) (Shared with P72) (Shared with P74)
Timer RUN register TAOI1RUN (0100H) | TA23RUN (0108H) [ TA45RUN (0110H)
; . TAOREG (0102H) TA2REG (010AH) TA4REG (0112H)
SFR Timer register
name TALIREG (0103H) TA3REG (010BH) TASREG (0113H)
(Address) Timer.mode register | TAO1IMOD (0104H) [ TA23MOD (010CH) | TA45MOD (0114H)

Timer flop-flop control
register

TALFFCR (0105H)

TA3FFCR (010DH)

TA5FFCR (0115H)
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Block Diagram

3.8.1
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Figure 3.8.1 Block Diagram of TMRAO1
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3.8.2  Operation of Each Circuit

(1) Prescalers
A 9-bit prescaler generates the input clock to TMRAO1.
The prescaler clock (¢T0) is a divided clock (divided by 4) from selected clock by the
register SYSCRO<PRCK1:0> of clock gear.
The prescaler operation can be controlled using TAOIRUN<TAO1PRUN> in the
timer control register. Setting <TAO1PRUN> to “1” starts \the count; setting
<TAO01PRUN> to “0” clears the prescaler to zero and stops-operation. Table 3.8.2 shows

the various prescaler output clock resolutions.

Table 3.8.2 Prescaler Output Clock Resolution

Prescaler Clock | Clock Gear Timer-Counter Input Clock
System Clock .
. Selection Value TMRA Prescaler
Selection -
<SYSCK> SYSCRO SYSCR1 TAXXMOD<TAXCLK1:0>
<PRCK1:0> <GEAR2:0> OTL(1/2) OT4(1/8) | $T16(1/32) | $T256(1/512)
1 (fs) — fs/8 fs/32 fs/128 fs/2048
000(1/1) fc/8 fc/32 fc/128 fc/2048
00 001(1/2) fc/16 fc/64 fc/256 fc/4096
(frPH) 010(1/4) 0 fc/32 fc/128 fc/512 fc/8192
0 (fc) 011(1/8) fc/64 fc/256 fc/1024 fc/16384
100(1/16) fc/128 fc/512 fc/2048 fc/32768
10
- fc/128 fe/512 fc/2048 fc/32768
(fc/16 clocks )

(2) Up counters (UCO.and UC1)

These are 8:bit binary counters which count up the input clock pulses for the clock
specified by TAO1MOD.

The input clock for UCO is selectable and can be either the external clock input via
the TAOIN pin or one of the three internal clocks ¢T1, $T4, and $T16. The clock setting
is specified by the value set-in TAOIMOD<TAOCLK1:0>.

The input clock for UC1 depends on the operation mode. In 16-bit timer mode, the
overflow, output from UCO is used as the input clock. In any mode other than 16-bit
timer-mode, the input clock is selectable and can either be one of the internal clocks
¢T1, ¢T16, and ¢T256, or the comparator output (The match detection signal) from
TMRAO by setting TAOIMOD<TA1CLK1:0>.

For each interval timer the timer operation control register bits
TAO1IRUN<TAORUN> and TAOIRUN<TA1RUN> can be used to stop and clear the up
counters and to control their count. A reset clears both up counters, stopping the

timers.
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(3

Note:

Timer registers (TAOREG and TAIREG)

These are 8-bit registers that can be used to set a time interval. When the value set
in the timer register TAOREG or TA1REG 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.

TAOREG has a double buffer structure, making a pair with the register buffer.

The setting of the bit TAOIRUN<TAORDE> determines whether TAOREG’s double
buffer structure is enabled or disabled. It is disabled if <TAORDE> =“0” and enabled if
<TAORDE> = “1”,

When the double buffer is enabled, data is transferred from the register buffer to the
timer register when a 2» overflow occurs in PWM mode; or at-the start of the PPG cycle
in PPG mode. Hence the double buffer cannot be used in\timer mode.

A Reset initializes <TAORDE> to “0”, disabling the double buffer. To-use the double

buffer, write data to the timer register, set <TAORDE> to “1”, and write the following
data to the register buffer. Figure 3.8.4 shows the configuration of TAOREG.

Timer registers 0 (TAOREG) B
7N ‘_G: Matching. detection in PPG cycle
Y 2" overflow of PWM
— Selector
Shift trigger
y Write to TAOREG
Register buffers 0 IS

AN

Write
5 Internal data bus \) TAOIRUN<TAORDE>

Figure 3.8.4> Configuration of Timer Register 0 (TAOREG)

The same memory address is allocated to the timer register and the register buffer when write data to
TAOREG. When <TAORDE> = “0", the same value’is written to the register buffer and the timer register; when

<TAORDE> =*1", only the register-buffer is written to.

The address of each timer register is as follows.
TAOREG: 000102H TA1REG: 000103H
TA2REG: 00010AH TA3REG: 00010BH
TA4REG:000112H TA5SREG: 000113H

All these registersare write only and cannot be read.
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(4)

(5)

Comparator (CPO 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 INTTA1) is generated. If timer flip-flop inversion is enabled, the timer
flip-flop is inverted at the same time.

Timer flip-flop (TA1FF)

The timer flip-flop (TA1FF) is a flip-flop inverted by the match detects signals (8-bit
comparator output) of each interval timer.

Whether inversion is enabled or disabled is determined by the setting of the bit
TA1FFCR<TA1FFIE> in the Timer Flip-Flop Control Register.

A reset clears the value of TA1FF to “0”.

Programming “01” or “10” to TA1FFCR<TA1FFC1:0> sets TA1FF to “1” or “0”.
Programming “00” to these bits inverts the value of TA1FF (This is known as software
inversion).

The TA1FF signal is output via the TAIOUT pin (Concurrent with P71). When this
pin is used as the timer output, the timer flip-flop should be set beforehand using the
Port 7 relation registers P7CR and P7FC.

Note: When the double buffer is enabled for an 8-bit timerin PWM or PPG, mode; caution is required as explained

below.

If new data is written to the register buffer.immediately before-an overflow-occurs by a match between the
timer register value and the up-counter value, the timer flip-flop may output an unexpected value.

For this reason, make sure thatin PWM mode new data is written to the register buffer by six cycles (fsys x 6)
before the next overflow occurs by using an overflow interrupt.

In the case of using PPG mode, make sure that new data is written to the register buffer by six cycles before
the next cycle compare match occurs by using a cycle compare match interrupt.

Example when using PWM mode

Match between ﬂ il "

(INTTAOQ)

TAOREG and up-counter / (
2" overflow interrupt /ﬂ A.l

L\ (

TALOUT | L v

(PWM cycle) T

Desired PWM cycle
change point

e e e

Write new data to the register buffer
before the next overflow occurs by
using an overflow interrupt
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3.83 SFR
TMRAO1 Run Register
7 6 5 4 3 2 1 0
TAO1RUN | Bit symbol TAORDE 12TAO01 |TAO1PRUN| TA1RUN | TAORUN
(0100H) | Read/Write RIW RIW
Reset State 0 0 0 0 0
Function Double IDLE2 TMRAO1 |Up-counter |Up-counter
buffer 0: Stop prescaler |(UC1) (UCO0)
0: Disable 1: Operate | 0: Stop.and clear
1: Enable 1: Run (Count up)
TAOREG double buffer control > Timer run/stop control
0 |Disable 0 | Stop and clear
1 |Enable 1 | Run.(Count up)
Note: 4, 5 and 6 of TAOLRUN are read as undefined values.
TMRA23 Run Register
7 6 5 4 3 2 1 0
TA23RUN | Bit symbol TA2RDE 12TA23 [TA23PRUN| TA3RUN [ TA2RUN
(0108H) | Read/Write RIW R/W
Reset State 0 0 0 0 0
Function Double IDLE2 TMRA23- |Up-counter |Up-counter
buffer 0: Stop prescaler [(UC3) (UC2)
0: Disable 1: Operate | 0: Stop and clear
1: Enable 1: Run (Count up)

Note: 4,5 and 6 of TA23RUN are read as-undefined values.

!

TA2REG double buffer control

0

Disable

1

Enable

Figure-3.8.5 Register for TMRA

L

Timer run/stop control

0

Stop and clear

1

Run (Count up)
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TMRAA45 Run Register

7 6 5 4 3 2 1 0
TA45RUN | Bit symbol TA4RDE 12TA45 |TA45PRUN| TAS5RUN | TA4RUN
(0110H) | Read/Write RIW RIW
Reset State 0 0 0 0 0
Function Double IDLE2 TMRA23 |Up-counter |Up-counter
buffer 0: Stop prescaler [(UC5) (UC4)
0: Disable 1: Operate [ 0: Stop and clear
1: Enlable 1: Run (Count-up)
TA4REG double buffer control I—’ Count operate
0 |Disable 0 | Stop and clear
1 |Enable 1 | Run (Count up)

Note: 4,5 and 6 of TAA5RUN are read as undefined values.

Figure 3.8.6 Register for TMRA
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TMRAO1 Mode Register

7 6 5 4 3 2 1 0
TAO1IMOD | Bit symbol TAO1M1 TA01MO PWMO1 PWMO0O [ TALCLK1 | TA1CLKO [ TAOCLK1 | TAOCLKO
(0104H) Read/Write R/W
Reset State o | o o | o o | o o | o
Function Operation mode PWM cycle Source clock for TMRA1 | Source clock for TMRAO
00: 8-bit timer mode 00: Reserved 00: TAOTRG 00: TAOIN pin
01: 16-bit timer mode | 01: 2° 01: ¢T1 01: ¢T1
10: 8-bit PPG mode 10: 27 10: ¢T16 10:¢T4
11: 8-hit PWM mode | 11: 2° 11: $T256 11: ¢T16
A |
L> TMRAO source clock selection
00 [TAOQIN
01 |¢T1
10 [ ¢T4
11, |¢T16
L— s TMRA1 source clock selection
TA01MOD TAOLIMOD
<TA01M1:0> = 01 <TA01M1:0> =01
0o’ |Comparator Overflow output from
output from TMRAO TMRAO
01 [¢T1 (16-bit timer mode)
10 |¢T16
11 | $T256
L—— 5 PWMcycle selection
00-_| Reserved
01 | 2° x Source clock
10 |2" x Source clock
11 | 2° x Source clock
TMRAO1 operation mode selection
00| Two 8-bit timers
01 |16-bit timer
10 |8-bit PPG
11 | 8-bit PWM (TMRAO) + 8-hit timer (TMRA1)

Figure 3.8.7 Register for TMRA
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TMRA23 Mode Register

7 6 5 4 3 2 1 0
TA23MOD | Bit symbol TA23M1 TA23MO PWM21 PWM20 | TA3CLK1 | TA3CLKO [ TA2CLK1 | TA2CLKO
(010CH) | Read/Write R/W
Reset State o | o o | o o | o o | o
Function Operation mode PWM cycle Source clock for TMRA3 Source clock for TMRA2
00: 8-bit timer mode 00: Reserved 00: TA2TRG 00: Reserved
01: 16-bit timer mode | 01: 2° 01: ¢T1 01: ¢T1
10: 8-bit PPG mode 10:2° 10: ¢T16 10:¢T4
11: 8-hit PWM mode | 11: 2° 11: $T256 11: ¢T16

]

|—> TMRAZ2 source clock selection
00 /|Reserved

01 | ¢T1 (Prescaler)

10 | ¢T4 (Prescaler)

11/ [¢T16 (Prescaler)
L— > TMRA3-source clock selection

TA23MOD TA23MOD
<TA23M1:0>+ 01 <TA23M1:0> =01
00 |Comparator output Overflow output from
from TMRA2 TMRA2
01 |¢T1 (16-bit timer mode)
10_|¢T16
11~ | ¢T256

L—— 5 PWM cycle selection

00 [Reserved

01 |[2°x Seurce clock

10 |2'x Source clock

11 | 2%« Source clock
TMRA23 operation mode selection

00 | Two 8-bit timers

01 |16-bit timer

10 |8-bit PPG

11 | 8-bit PWM (TMRAZ2) + 8-bit timer (TMRA3)

Figure 3.8.8 Register for TMRA
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TMRAA45 Mode Register

7 6 5 4 3 2 1 0
TA45MOD [ Bit symbol TA45M1 | TA45MO0 PWM41 PWM40 | TA5CLK1 [ TAS5CLKO | TAACLK1 | TAACLKO
(0114H) Read/Write R/W
Reset State o | o o | o o | o o | o
Function Operation mode PWM cycle Source clock for TMRA5 | Source clock for TMRA4
00: 8-bit timer mode 00: Reserved 00: TA4ATRG 00: TA4IN pin
01: 16-bit timer mode | 01: 2° 01: ¢T1 01: ¢T1
10: 8-bit PPG mode 10: 27 10: ¢T16 10:¢T4
11: 8-hit PWM mode | 11: 2° 11: ¢T256 11: ¢T16
]
|—> TMRA4 source- clock selection
00 | TA4IN
01 | ¢T1
10/ [¢T4
11 [ ¢T16
L5 TMRAS source clock selection
TA45MOD TA45MOD
<TA45M1:0> = 01 <TA45M1:0> =01
00 |Comparator output Overflow output from
from TMRA4 TMRA4
01 |¢T1 (16-bit timer mode)
10 [¢T16
11 | ¢T256
L, PWM-cycle selection

00 [Reserved

01 [2°x Source clock

10 |2'x Source clock

11 | 2%« Source clock
TMRAA45 operation mode selection

00 | Two 8-bit timers

01 |16-bittimer

10 |8-bit PPG

11 | 8-bit PWM (TMRA4) + 8-bit timer (TMRAS)

Figure 3.8.9 Register for TMRA
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TMRAL Flip-Flop Control Register

7 6 5 4 3 2 1 0
TALFFCR Bit symbol TALFFC1 | TALIFFCO | TALFFIE | TAL1FFIS
(0105H) Read/Write RIW R/W
A read Reset State 1 | 1 0 0
-modify-write | Function 00: Invert TALIFF TAIFF | TALFF
operation 01: Set TALFF control-for |inversion
cannot be 10: Clear TA1FF inversion. . [ select
performed 11: Don't care 0:Disable |0: TMRAO

1:Enable [1: TMRA1

Inverse-signal for timer flip-flop 1 (TA1FF)
(Don'’t care except in 8-bit timer. mode

0 Inversion by TMRAQ
1 Inversion by TMRAL

L— ' Inversion of TALFF
0 Disabled
1 Enabled

———— Control of TATFF

00 /| Inverts the value of TAL1FF
(by software).

01 | Sets TA1FF to “1".

10, | Clears TALFF to “0".

11 /| Don't care

Note: The values of bits 4, 5, 6. and 7 of TALFFCR are undefined.when read.

Figure 3.8.10 Register for TMRA
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TMRAS Flip-Flop Control Register

6 5 4 3 2 1 0
TA3FFCR Bit symbol TA3FFC1 | TA3FFCO | TA3FFIE | TA3FFIS
(010DH) Read/Write RIW R/W
A read Reset State 1 | 1 0 0
-modify-write | Function 00: Invert TA3FF TA3FF | TA3FF
operation 01: Set TA3FF control for | inversion
cannot be 10: Clear TA3FF inversion | select
performed 11: Don't care 0: Disable | 0: TMRA2

1:Enable | 1. TMRA3

Inverse-signal for timer flip-flop 3 (TA3FF)
(Don'’t care except in 8-bit timer. mode

0 Inversion by TMRA2
1 Inversion by TMRA3

L— ' Inversion of TASFF
0 Disabled
1 Enabled

———— Control of TA3FF

00 /| Inverts the value of TA3FF (by
software)

01 _ [Sets TA3FF to “1".

10_ | Clears TA3FF to “0".

11 /| Don't care

Note: The values of bits 4, 5, 6 and 7 of TA3FFCR are undefined when read.

Figure 3.8.11 Register for 8-Bit Timer
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TMRADS Flip-Flop Control Register

6 5 4 3 2 1 0
TAS5FFCR Bit symbol TASFFC1 | TASFFCO | TASFFIE | TASFFIS
(0115H) Read/Write R/W R/W
A read Reset State 1 | 1 0 0
-modify-write | Function 00: Invert TA5FF TASFF | TASFF
operation 01: Set TASFF control-for |inversion
cannot be 10: Clear TASFF inversion. | select
performed 11: Don't care 0:Disable |0: TMRA4

17Enable |1: TMRAS

h— 1

Inverse signal for timer flip-flop 5 (TASFF)
(Don’t care except in 8-bit timer mode

0 Inversion by TMRA4
1 Inversion by TMRAS

—> Inversion of TASFF
0 Disabled
1 Enabled

L, Controlof TASFF

00. “|Inverts the value of TASFF (by
software).

01 _[Sets TASFF to “1".

10/ /| Clears TA5FF to “0".

11~ [Don’t care

Note: The values of bits 4, 5, 6 and 7 of TASFFCR are undefined when read.

Figure 3.8.12 Register for TMRA
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Timer Register
5 4 1 0
TAOREG | bit Symbol —
(0102H) | Read/Write W
Reset State Undefined
TAL1REG |bit Symbol —
(0103H) | Read/Write W
Reset State Undefined
TA2REG | bit Symbol —
(010AH) | Read/Write W
Reset State Undefined
TA3REG | bit Symbol —
(010BH) | Read/Write W
Reset State Undefined
TA4REG | bit Symbol —
(0112H) | Read/Write W
Reset State Undefined
TASREG | bit Symbol —
(0113H) | Read/Write W
Reset State Undefined
Note: A read-modify-write operation cannot be performed.
Figure:3.8.13-TMRA Register
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3.8.4  Operation in Each Mode

(1) 8-bit timer mode
Both TMRAO and TMRA1 can be used independently as 8-bit interval timers.

When set function and counter data, be stopped operation of TMRAO and TMRA1
registers beforehand.

a. Generating interrupts at a fixed interval (using TMRA1)

To generate interrupts at constant intervals using TMRA1 (INTTA1), first stop
TMRA1 then set the operation mode, input-clock and a cycle to TAOIMOD and
TA1REG register, respectively. Then, enable the interrupt INTTA1 and start
TMRA1 counting.

Example: To generate an INTTA1 interrupt every 12 us at fc = 27 MHz, set each
register as follows:

* Clock state
System clock: High frequency-(fc)
Clock gear: 1(fc)
Prescaler: 1/2
MSB LSB

|
X
X

|

|

TAOLIRUN  « Stop TMRAZ and clear it to 0.
TAOIMOD <« 0 0 X X (0 1 X X Select 8-bit timer mode and select ¢T1 ((23/fc)s atfc =
27 MHz) as the input clock.
TALIREG Set TAIREG to 12 us + ¢T1 =40 = 28H
INTETAOL <« X Enable INTTAL and set it to level 5.
| TAOLRUN « — X X X < 1 1 - Start TMRAL counting.

X: Don't care, —: No change

o
-
o
-
e
)
)
)

Select/the input clock using Table 8.8.2.

Note: The input clocks for TMRAO and TMRAL are different from as follows.
TMRAQ: TAOIN input, ¢T1, ¢T4 or ¢T16
TMRAL: Comparator output from TMRAO; ¢T1, ¢T16 and ¢T256
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b. Generating a 50% duty ratio square wave pulse

The state of the timer flip-flop (TA1FF) is inverted at constant intervals and its
status output via the timer output pin (TA10UT).

Example: To output a 1.8 us square wave pulse from the TA1OUT pin at fc = 27 MHz,
use the following procedure to make the appropriate register settings. This
example uses TMRA1; however, either TMRAO or TMRA1 may be used.

* Clock state

System clock: High frequency (fc)
Clock gear: 1(fc)
Prescaler : 1/2

MSB LSB
- 76 54 3 210
TAOIRUN « - XX - -0 - Stop-TMRAL and clear it to 0.
TAOIMOD «+ 0 0 X X 0 1 X X Select 8-bit timer mode and select ¢T1 ((2°%/fc) us at fc
= 27.MHz) as the input clock.
TALREG <~ 0 0 0 O0O0OTI112 Setthe timer register to,1.8 us + ¢T1 =2 =3
TAIFFCR « X X X X 1 0 1 1 Clear TALFF to“0” and 'set.it'to invert on the match
detects signal from TMRAL.
P7CR — X X X - - - 1= . )
Set P71 to function-as.the TA1OUT pin.
P7FC «— X X X - X -, I X
| TAOIRUN « - X X X - 1 1 = Start TMRA1 counting.
X: Don't care, —: No change
N N S P I S N I O e O
TAOL1RUN I_
<TALIRUN>
Bit7 to Bit2
Up Bit1
counter
Bit0
Comparator timing |—| [—l
Comparator output sﬂ I—I [—I
(Match detect) g
INTTAL [—l [—l
Up counter n
clear
TALFF ¢ |_
TA10UT /
0.9 us @fc =27 MHz

Figure 3.8.14 Square Wave Output Timing Chart (50% Duty)
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c. Making TMRA1 count up on the match signal from the TMRAO comparator

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

Comparaot output | | j

(TMRAO match)

TMRAO up counter 1 X2 X3X4X5 XL X2X3X4X5X1X2X3)

(when TAOREG = 5)

TMRAL up counter 1 X 2 X 1
(when TAL1REG = 2)

TMRA1 match output

Figure 3.8.15 TMRA1 Count Up on Signal from TMRAO

(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 TMRA1 arecascaded together,
set TAOIMOD<TAO1M1:0> to “017%

In 16-bit timer mode, the overflow output from TMRAO isused as the input clock for
TMRA1, regardless of the value set in TAOIMOD<TA1CLK1:0>. Table 3.8.2 shows the
relationship between the timer (Interrupt) cycle and the input clock selection.

Timer interrupt cycle set lower 8 bits to TAOREG and set upper 8 bits to TAIREG.
Please keep setting TAOREG first because setting data for TAOREG inhibit its compare
function and setting data for TAIREG permit it.

Setting example: To generate an INTTAT interrupt every 0.3 s at fc = 27TMHz, set the
timer registers TAOREG and TA1REG as follows:

* Clock state

System clock: High frequency (fc)
Clock gear:-1(fc)
Prescaler: 1/2

If $T16 ((27/fc) s @fc = 27 MHz) is used as the input clock for counting, set the
following value in the registers:

0.3 s/(27/fc)s = 62500 = F424H;
1.e..set TA1IREG to F4H and TAOREG to 24H.
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The comparator match signal is output from TMRAO each time the up counter UCO
matches TAOREG, though the up counter UCO is not be cleared and also INTTAO is not
generated.

In the case of the TMRA1 comparator, the match detect signal is output on each
comparator pulse on which the values in the up counter UC1 and TAIREG match.
When the match detect signal is output simultaneously from both the comparators
TMRAO and TMRA1, the up counters UCO and UC1 are cleared to “0” and the
interrupt INTTA1 is generated. Also, if inversion is enabled, the value of the timer
flip-flop TA1FF is inverted.

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

Value of up counter
(uc1, uco)

TMRAO comparator match
detect signal " " " " " "

0080H 0180H 0280H ~0380H 0480H 0080H

TMRAO comparator match
detect signal

INTTAO

INTTAL

Lol g5 -

TAL1OUT X Inversion

Figure 3.8.16 ' Timer Output by 16-Bit Timer Mode
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(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 TA1OUT pin (shared with P71).

When <TA1FFC1:0>="10"

L

When <TA1FFC1:0>="01" — |

tH ,

x
—

Example when <TA1FFC1:0>="01"

TAOREG and UCO match A {l
(Interrupt INTTAO) / /
TAL1REG and UCO match )H /H
(Interruput INTTAL) {\ \ (\
TALOUT
TAOREG
AIREG

Figure 3.8.17 -8-Bit PPG Output Waveforms
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In this mode, a programmable square wave is generated by inverting the timer
output each time the 8-bit up counter (UC0) matches the value in one of the timer
registers TAOREG or TA1REG.

The value set in TAOREG must be smaller than the value set in TAIREG.

Although the up counter for TMRA1l (UC1) is not used in this mode,
TAO1RUN<TA1RUN> should be set to “1”, so that UC1 is set for counting.

Figure 3.8.18 shows a block diagram representing this mode.

TALOUT
Selector TAO1RUN<TAORUN> 1
TAOIN
¢TL — 8-bit <—| TA1FF |«<-TA1FFCR<TALFFIE>
T4 — up counter (UCOQ)
$T16 —> )
I ?\ Inversion
TA0O1MOD<TAOCLK1:0> I INTTAO
AV
| Comparator | Comparator I INTTAL
i i

TAOREG

Shift trigger

LSeIector

TAOREG-WR->|

0 | Register Buffer | | TALREG |

TAO1RUN<TAORDE> ﬁ ﬁ

Internal data bus

Figure 3.8.18 Block Diagram of 8-Bit PPG Output Mode

If the TAOREG double buffer is enabled in this mode, the value of the register buffer
will be shifted into TAOREG each time TAIREG matches UCO.

Use of thel double buffer facilitates the handling of low-duty waves (when duty is

varied).

Match with TAOREG
and up_counter

(Up_counter= Q) (Up countner = Q2)
Match with TAIREG
TAOREG ( Shift from register buffer
(Value to be compared) Q1 ‘x'f\ Q2
I
Register buffer Q2 I Q3
kTAOREG (Register buffer)

write

Figure 3.8.19 Operation of Register Buffer
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Example: To generate 1/4-duty 50-kHz pulses (at fc = 27 MHz):

ML

20 ps

* Clock state

System clock: High frequency (fc)
Clock gear: 1(fc)
Prescaler: 1/2

Calculate the value that should be set in the timer register:

To obtain a frequency of 50 kHz, the pulse cycle t should be:'t = 1/50 kHz = 20 ps
oT1 = (2%/fc) s (@fc = 27 MHz);
20 ps +(2%/fc) s = 67
Therefore set TAIREG to 67 (43H) and then 50.3kHz pulse is generated.
The duty is to be set to 1/4: t x 1/4 = 20 us x 1/4 =5 us

5us + (23/fc) s = 17

Therefore, set TAOREG = 17 = 11H.

TAO1RUN

TA01MOD
TAOREG
TALIREG
TA1FFCR

P7CR
P7FC
TAO1RUN

X: Don't care

MSB
7 6
0 X

T

0 Tt
X O O
X X B O O

T 1
P X X
X X

,~—: No change

X o o X X o

X X

SIS

X o r X

x

w
N

oo o X
R o o X

X -

1
0

A =)

LSB

0
0

1
1
1
X

Stop TMRAO and TMRAL and clear it to “0” (double buffer
disable).

Set the’8-bit PPG mode, and select ¢T1 as input clock.
Write 11H

Write 43H

Set TALFF, enabling inversion.

Writing “10” provides negative logic pulse.

1 —
1 X } SetP71 as the TA1IOUT pin.

-1 1 1

Start TMRAO and TMRA1 counting and enable double buffer.
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(4) 8-bit PWM output mode

This mode is only valid for TMRAO. 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 TAIOUT pin (which is also
used as P71). TMRAL1 can also be used as an 8-bit timer.

The timer output is inverted when the up counter (UCO) matches the value set in the
timer register TAOREG or when 2" counter overflow occurs (n =6, 7 or 8 as specified by

TA01IMOD<PWMO01:00>). The up counter UCO 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 ﬂ /ﬂ n
UCO match ( (
2" overflow /ﬂ )ﬂ
(INTTAO interrupt) \ ( \ (
\

~N |
TA10UT | \[_I ol |_|

T (PWM cycle) '

Figure 3.8.20 8-Bit/PWM Output Wave Form

Figure 3.8.21 shows a block diagram representing this mode.

TAO1RUN <TAORUN> TA#OUT
TAOIN —] i
8-bit up counter
41— Clear TAL1FFCR
¢$Ig Selector (Uc 0) TALFF ¢ <TA1FFIE>
— = Invert
T T 2 TAOIMOD
TAOIMOD<TAOCLK1:0> ———=2){ overflow K= <PWMO1:00>
control
Overflow

| Comparator I

4} . INTTAO

[
L [/ Trorec |
Selector|—__
TAOREG-WR_| Shift trigger :

| Register buffer |

TAOIRUN<TAORDE> a
S Internal data bus S

Figure 3.8.21 Block Diagram of 8-Bit PWM Output Mode
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In this mode, the value of the register buffer will be shifted into TAOREG if 2n
overflow is detected when the TAOREG double buffer is enabled.

Use of the double buffer facilitates the handling of low duty ratio waves.

Match with TAOREG M N
Up counter = Q1 UP counter= Q2
2" overflow
TAGREG | Shift into TAOREG
(Value to be compared) Q1 \X Q2
q
Register buffer Q2 X Q3
\_ TAOREG (Register buffer)
Write

Figure 3.8.22 Operation of Register Buffer

Example: To output the following PWM waves on the TA1OUT pin at fe = 27 MHz:

I | [

15 us
379 s

* Clock state

System clock; High frequency (fc)
Clock gear:/1(fc)
Prescaler : 1/2

To achieve a 37.9 us PWM cycle by setting ¢T1 to (23/fc) s (@fc = 27 MHz):
37.9 s + (2%/fc) s = 128 = 2»

Therefore n should be set to 7.

Set the followingvalue for TAOREG during the low-level period:
15.0 us =(2%/fc) s =51 ='33H

X: Don't care, —: No change

MSB LSB
_ 7.6 5 4 3 -2-1.0
TAO1RUN « - X X X - = =0 Stop TMRAO and clear it to “0”.
TAOIMOD  « 11 0 - - 0.1 Select 8-bit PWM mode (cycle: 27) and select ¢T1 as the
input clock.
TAOREG «<~ 0 0 1 2490 0 1 1 Write 33H.
TALIFFCR « X X X X +1-0 1 Clear TALFF to O; enable the inversion.
P7CR «— X X X -4 - 1 - . .
Set P71 to function as the TALIOUT pin.
P7FC «— XX X = - 1 X
. TAOIRUN « 1 X X_X - 1 Start TMRAO counting.
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Table 3.8.3 PWM Cycle
Select Select PWM Cycle
system prescaler | Gear value 2° (x64) 27(x128) 2°%(x256)
clock clock SYSCRL | —| TAXXMOD<TAXCLK1:0> | TAXXMOD<TAXCLK1:0> | TAXxxMOD<TAXCLK1:0>
SYSCR1 SYSCRO |<GEAR2:0>
<svscks | <PRCK1:0> OTL(x2) [$T4(x8)|9T16(x32)| ¢TL(x2) | $T4A(X8) [pT16(x32)|$T1(x2)|$T4(x8)|¢T16(x32)
1 (1/fs)
512/fs | 2048/fs | 8192/fs | 1024/fs | 4096/fs | 16384/fs | 2048/fs | 8192/fs | 32768/fs
00 000(x1) 512/fc | 2048/fc | 8192/fc | 1024/fc | 4096/fc | 16384/fc | 2048/fc | 8192/fc | 32768/fc
(feor) 001(x2) 1024/fc | 4096/fc | 16384/fc | 2048/fc | 8192/fc |/32768/c"| 4096/fc 16384/fc| 65536/fc
FPH 010(x4) |x4| 2048/fc | 8192/fc | 32768/fc | 4096/fc | 16384/ic | 65536/fc’ | 8192/fc |32768/fc| 131072/
0 (1/fc) 011(x8) 4096/fc |16384/fc| 65536/fc | 8192/fc | 32768/fc | 131072/fc | 16384/fc |65536/fc| 262144/fc
100(x16) 8192/fc |32768/fc| 131072/fc | 16384/fc | 65536lfc | 262144/fc | 32768/fc [131072/fd 524288lfc
(f 126) 8192/fc |32768/fc| 131072/fc | 16384/fc/| 65536/fc | 262144/fc | 32768/fc[131072/fd 524288/fc
CX —
(5) Settings for each mode
Table 3.8.4 shows the SFR settings for-each mode.
Table 3.8.4 Timer Mode Setting Registers
Register Name TA01IMOD TA1FFCR
<Bit symbol> <TAO01M1:0> | <PWMO01:00> | <TA1CLK1:0> | <TAOCLK1:0> <TA1FFIS>
. ) Upper Timer | \Lower Timer | Timer F/F Invert
Function Timer Mode PWM Cycle pp .
Input Clock Input Clock Signal Select
Lower timer match;{" External clock, )
o 0: Lower timer output
8-bit timer x 2 channels 00 - oT1, ¢T16, 6T256 | ¢T1, ¢T4, ¢T16 )
1: Upper timer output
(00,01, 10, 11) | (00,01, 10, 11)
External clock,
16-bit timer mode 01 - = oT1, T4, 6T16 -
(00, 01, 10, 11)
External clock,
8-bit PPG x 1 channel 10 = - oT1, $T4, ¢T16 -
(00, 01, 10, 11)
o N 8 External clock,
27,22
8-bit PWM x 1 channel 11 - oT1, 6T4, ¢T16 -
(01, 10, 11)
(00, 01, 10, 11)
T1, ¢T16, $T256 .
8-bit timer x 1 channel 11 - 6TL, ¢ ¢ - Output disabled
(01, 10, 11)
—: Don't care
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3.9

16-Bit Timer/Event Counters (TMRB)

The TMP91CU27/CP27/CK27 contains one multifunctional 16-bit timer/event counter
(TMRBO0) which have the following operation modes:

e 16-bit interval timer mode
e  16-bit event counter mode

16-bit programmable square wave pulse generation output mode (PPG: Variable duty cycle

with variable period)

Can be used following operation modes by capture function:

o Frequency measurement mode

Pulse width measurement mode

Time differential measurement mode

Figure 3.9.1 show block diagram of TMRBO. The timer/event counter consists-of a 16-bit up
counter, two 16-bit timer registers (one of them with'a double-buffer structure), two 16-bit
capture register, two comparators, a capture input controller, a timer flip-flop”’and a control
circuit.

The timer/Event counter is controlled by 11-byte control register (SFR).

Table 3.9.1 Registers and Pins for TMRBO

Channel
TMRBO
Spec
External clock/ TBOINO (Shared with P80)
| capture-trigger input pin TBOIN1 (Shared with P81)
External pin [— - - -
Timer flip-flop output pin TBOOUTO (Shared with P82)
TBOOUT1 (Shared with P83)
Timer RUN register TBORUN (0180H)
Timermode register TBOMOD (0182H)

Timer flip-flop control register TBOFFCR (0183H)
TBORGOL (0188H)
TBORGOH (0189H)
TBORGLL (018AH)
TBORG1H (018BH)
TBOCPOL (018CH)
TBOCPOH (018DH)
TBOCP1L (018EH)
TBOCP1H (018FH)

SFR name.__ | Timer register
(Address)

Capture register
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Block Diagram of TMRBO

3.9.1
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Figure 3.9.1 Block Diagram of TMRBO
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3.9.2  Operation of Each Circuit

(1) Prescaler
The 5-bit prescaler generates the source clock for TMRBO. The prescaler clock (¢T0)
is a divided clock (divided by 4) from selected clock by the register SYSCRO<PRCK1:0>
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 3.9.2 show prescaler output clock resolution.

Table 3.9.2 Prescaler Output Clock Resolution

System Clock | Prescaler Clock | Clock Gear Timer Counter Input Clock
Selection Selection Value TMRB Prescaler
SYSCR1 SYSCRO SYSCR1 - TBOMOD<TBOCLKL1:0>
<SYSCK> <PRCK1:0> <GEAR2:0> $T1(1/2) 0T4(1/8) | ¢$T16(1/32)

1 (fs) - fs/8 fs/32 fs/128
000(1/1) fc/8 fc/32 fc/128
00 001(1/2) fc/16 fc/64 fc/256
(frpH) 010(1/4) ya fc/32 fc/128 fc/512
0 (fc) 011(1/8) fc/64 fc/256 fc/1024
100(1/16) fe/128 fc/512 fc/2048
10 = fc/128 fc/512 fc/2048
(fc/16 clock)

(2) Up counter (UC10)

UC10 is a 16-bit binary counter which counts up according to input from the clock
specified by TBOMOD<TBOCLK1:0> register.

As/the input ‘clock, one of the prescaler internal clocks ¢T1, ¢T4 and ¢T16 or an
external clock from TBOINO pin'can be selected. Counting or stopping and clearing of
the counter is controlled by timer operation control register TBORUN<TBORUN>.

When clearing is enabled, the-up counter UC10 will be cleared to “0” each time its
value matches the value inthe timer register TBORG1H/L. If clearing is disabled, the
counter operates as a free-running counter. Clearing can be enabled or disabled using
TBOMOD<TBOCLE=>.

Atimer overflow interrupt (INTTBOFO) is generated when UC10 overflow occurs.
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(8) Timer registers (TBORGOH/L and TBORG1H/L)

These two 16-bit registers are used to set the interval time. When the value in the up
counter UC10 matches set value of timer register, the comparator match detect signal
will be active.

Setting data for both upper and lower timer registers are always needed. For
example, either using a 2-byte data transfer instruction or‘using a 1-byte date transfer
instruction twice for the lower 8 bits and upper 8 bits in order.

The TBORGOH/L timer register has a double-buffer structure, which is paired with a
register buffer 0. The timer control register TBORUN<TBORDE> control whether the
double buffer structure should be enabled or disabled: it is'disabled when <TBORDE> =
“0”, and enabled when <TBORDE> = “1”.

When the double buffer is enabled, data is transferred from the register buffer to the
timer register when the values in the up counter (UC10) and the timer register
TBORG1H/L match.

After a Reset, TBORGOH/L and TBORG1H/L are undefined. To use the 16-bit timer
after reset, data should be written beforehand.

When reset, <TTBORDE> is initialized to “0”, whereby the double -buffer is disabled.
To use the double buffer, write data to the timer register, set <TBORDE> to “1”, then
write following data to the register buffer.

TBORGOH/L and the register-buffer are allocated to the same memory address
0188H/0189H. When <TBORDE> = “0”, same value will be written to both the timer
register and register buffer. When <TBORDE> = “1”, the value is written into only the
register buffer.

Therefore, when write initial value to timer register, set register buffer to disable.

The addresses of the timer registers are as follows:

p= TMRBO o oo b oo e - \
1 1
' TBORGOH/L TBORG1H/L '
i Upper 8-bit Lower 8-bit Upper 8-bit Lower 8-bit |
' (TBORGOH) (TBORGOL) (TBORG1H) (TBORGLIL) '
1 1
! 000189H 000188H 00018BH 00018AH !
1 1

The TBORGOH/L to TBORG1H/L are write-only registers and thus cannot be read.
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(4) Capture registers (TBOCPOH/L, TBOCP1H/L)
These 16-bit registers are used to latch the values of the up counters.

All 16 bits of data in the capture register should be read. For example, using 2-byte
data load instruction or using 1-byte date load instruction twice for lower 8 bits and
upper 8 bits in order.

The addresses of the capture registers are as follows:

r= TMRBO - - oo oo e .
i TBOCPOH/L TBOCP1H/L i
i Upper 8-bit Lower 8-bit Upper 8-bit Lower 8-bit |
' (TBOCPOH) (TBOCPOL) (TBOCP1H) (TBOCP1L) '
i 00018DH 00018CH 00018FH 00018EH i
1 1

_________________________________________________________________

The TBOCPOH/L to TBOCP1H/L are read-only registers and thus cannot be read.

(5) Capture, external interrupt control

This circuit controls the timing to latch<the value of the up_ counter UC10 into
TBOCPOH/L, TBOCP1H/L and control generation of external (interrupt. The latch
timing of capture register and selection /of edge for external interrupt is set in
TBOMOD<TBOCPM1:0>.

The edge of external interrupt INT6 is fixed to rising edge.
Besides, the value of up counter can be loaded into a capture registers by software.
Whenever “0” is written to TBOMOD<TBOCPOI>, the current value in the up counter is

loaded into capture register TBOCPOH/L. It is necessary to keep the prescaler in run
mode (i.e., TBORUN<TBOPRUN:> must be held at a value of “1”).

Note: As described above, whenever “0” is written to TBOMOD<TBOCPOI>, the current value in the up counter is
loaded into capture register TBOCPOH/L. However, note that the current value in the up counter is also loaded
into capture register TBOCPOH/L when “1” is written to TBOMOD<TBOCPOI> while this bit is holding “0".

Notice

F=======" 1

! 1
Write to. TBOMOD 0 IﬂlR YWR) 1 |ﬂ|R | 1|1|VR
register : L
TBOMOD 7 | —
<TBOCPROI> ' !

! 1
CAPTURE Capture Capture | Capture | NOP
operation | \

i |

! 1
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(6)

(7

Comparators (CP10 and CP11)

CP10 and CP11 are 16-bit comparators which compare the value in the up counter
UC10 value with the value set of TBORGOH/L or TBORG1H/L respectively, in order to
detect a match. If a match is detected, the comparators generate an interrupt
(INTTBOO or INTTBO1 respectively).

Timer flip-flops (TBOFF0 and 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<TBOC1T1, TBOCOT1, TBOE1IT1, TBOEOT1>.

After a reset, the value of TBOFFO and TBOFF1 is undefined. If “00” is written to
TBOFFCR<TBOFF0C1:0> or <TBOFF1C1:0>, TBOFFO0. or TBOFF1 will be inverted. If
“01” is written to the flip-flops control registers, the value of TBOFF0 and TBOFF1 will
be set to “1”. If “10” is written to the flip-flops control registers, the value of TBOFFO0
and TBOFF1 will be cleared to “0”.

The values of TBOFF0 and TBOFF1 can be output to the timer output pins TBOOUTO0
(which is shared with P82), TBOOUT1 (which is shared with P83). Timer output should

be specified by using the port 8 function register PSFC and port 8 control register
P8CR.
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3.93 SFR
TMRBO RUN Register
7 6 5 4 3 2 0
TBORUN Bit symbol TBORDE — 12TB0 TBOPRUN TBORUN
(0180H) Read/Write R/W R/W R/W R/W R/W
Reset State 0 0 0 0 0
Function Double Always write IDLE2 TMRBO Up-counter
buffer “0”. 0: Stop prescaler (UC10)
0: Disable 1: Operation| 0:'Stop and clear
1: Enable 1:Run(Count up)
T—> Count operation
0 Stop-and clear
Count
Note: 1, 4 and 5 of TBORUN are read as undefined values.
Figure 3.9.2 Register for TMRB
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TMRBO Mode Register
7 6 5 4 3 2 1 0
TBOMOD Bit symbol TBOCT1 | TBOET1 [ TBOCPOI | TBOCPM1 | TBOCPMO [ TBOCLE | TBOCLK1 | TBOCLKO
(0182H) Read/Write R/W W* R/W
Reset State o | o 1 o | o 0 o | o
Aread Function TBOFF1 Inversion Software |Capture timing Up counter{ TMRBO source clock
-modify-write trigger capture 00:Disable control select
operation 0: Trigger disable control INTS is rising edge 0:Clear 00: TBOINO pin input
b L 0-Softw 01:TBOINO T TBOIN1 T ) \
cannot be 1: Trigger enable -oofnware INTS is rising edge disable . [01: ¢T1
performed Invert when| Invert capture | rBOINO T TBOINO L |L:Clear 10: ¢T4
1:Undefined )
capture to | when naetine INT5 is falling edge enable 11:/¢T16
capture match UCO| *Always 11:-TALOUT T TALOUT 4
register 1 |with timer |read as “1” INT5 is rising edge
register 1

|—> TMRBO source clock

00 | External input clock (TBOINO pin'input)
01 {¢T1

10 . | ¢T4

11 | ¢T16

Clear.of up counter 10 (UC10)

0 Disable clear of up counter

1 Clear by match with TBORG1H/L

Capture/Interrupt timing

Capture control INT5 control
00 |Capture disable INT5 generate by rising TBOINO
01 | TBOCPOH/L by rising TBOINO S
TBOCP1HI/L by rising TBOIN1
10 | TBOCPOHI/L by rising TBOINO INT5 generate by falling TBOINO
TBOCP1H/L by falling TBOINO
11 | TBOCPOH/L by rising TALOUT

TBOCP1H/L by falling TALIOUT

INT5 generate by rising Tiifll\ﬂ

Software capture

0/ [Capture value of up counter to TBOCPO.

1 Undefined (Note)

Note: “Whenever programming “0” to TBOMOD<TBOCPOI> bit, present value of up counter is received to capture
register TBOCPOH/L. But, write “1” to TBOMOD<TBOCPOI> in condition of written “0” to TBOMOD<TBOCPOI>

bit, present value of up counter is received to capture register TBOCPOHY/L. Therefore you must to regard.

Figure 3.9.3 Register for TMRB
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TBOFFCR
(0183H)

A read
-modify-write
operation
cannot be
performed

TMRBO Flip-Flop Control Register

7 6

5 4 3

2

1 0

Bit symbol

TBOFF1C1 [TBOFF1CO

TBOC1T1 | TBOCOT1 | TBOE1T1

TBOEOT1

TBOFFOC1 [ TBOFFOCO

Read/Write

W*

R/W

W+

Reset State

1 | 1

o | o | o

1 | 1

Function

TBOFFL1 control

00: Invert

01: Set

10: Clear

11: Don'’t care

* Always read as “11".

TBOFFO inversion trigger
0: Trigger disable
1: Trigger enable

Invert when
the UC
matches

Invert when| Invert when
the UC the UC
value is value is
loaded into | loaded into | with
TBOCP1H/ [ TBOCPOH/ | TBORG1H/

Invert when
the UC
matches
with
TBORGOH/

TBOFFO Control

00: Invert

01: Set

10: Clear

11: Don't care

* Always read as “11".

L. L. L L.

1 | |

|_>Timer Flip-Flop (TBOFFO) control
00

01
10
11

Invert to TBOFFO (Software inversion).
Set TBOFFO to “1".

Clear TBOFFO to “0".

Don'’t care

— Inversion trigger of TBOFFO when the UC10 matches

with TBORGOH/L
0 | Trigger disable (Disable inversion)

1 Trigger-enable (Enable inversion)
Inversion trigger of TBOFFO when the UC10 matches
with TBORGIH/L

0 Trigger disable (Disable inversion)

1 Trigger enable (Enable inversion)

Inversion trigger of TBOFFO when the UC10 value is
loaded into TBOCPOH/L
0 Trigger disable (Disable inversion)

1 Trigger enable (Enable inversion)

Inversion trigger of TBOFFO when the UC10 value is
loaded into TBOCP1H/L
0 Trigger disable (Disable inversion)

1 Trigger enable (Enable inversion)

Figure 3.9.4 Register for TMRB
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TMRBO register
5 4 1 0
TBORGOL | bit Symbol —
(0188H) Read/Write W
Reset State Undefined
TBORGOH | bit Symbol —
(0189H) Read/Write W
Reset State Undefined
TBORGL1L |bit Symbol —
(018AH) Read/Write W
Reset State Undefined
TBORG1H | bit Symbol —
(018BH) Read/Write W
Reset State Undefined

Note: A read-modify-write operation cannot be performed.

Figure 3.9.5 TMRB Register
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3.9.4  Operation in Each Mode

(1) 16-bit interval timer mode

Generating interrupts at fixed intervals

In this example, the interval time is set the timer register TBORG1H/L to generate the

interrupt INTTBO1.

_ 7 6 5 4
TBORUN « - 0 X X
INTETBO « X 1 0 O
TBOFFCR «~ 1 1 0 O
TBOMOD «< 0 0 1 O

TBORGIH/L <«

[ TBORUN <«

*

*

0

X: Don't care, —: No change

(2) 16-bit event counter mode

Stop TMRBO.

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

Select source clock-and

Disable the capture function.

Set the interval time.

(16 bits)

Start TMRBO.

In 16-bit timer mode as described in above, the timer can beused as an event counter

by selecting the external clock (TBOINO pin input) as the input ¢lock.

Up counter counting up by rising edge of TBOINO pin/input. And execution software

capture and reading capture value enable reading count value.

TBORUN
P8CR
P8FC
INTETBO

TBOFFCR «
TBOMOD “—
TBORGIH/L “ «

TBORUN “«—

X X X o~

1
0

*

*

0

P X X oo

o =

*

*

0

O X X X o

X: Don't care, —: No change

o X X X »

3/2-1 0
-0 0
- == 0
- = -1
X /0 0 O
0 0 1 1
0 1 0 O
* k. w %
* ok X

- <1 X 1

Stop TMRBO.
Set P80 to TBOINO input mode.

Enable INTTBO1 and set interrupt level 4. Disable INTTBOO.

Disable trigger.

Set input clock to TBOINO pin input.
Set number of count.

(16 bits)

Start TMRBO.

When/used as an event counter, set the prescaler to “RUN”.
(TBORUN<TBOPRUN> = “1”)
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(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 low active or high active.

The PPG mode is obtained by inversion of the timer flip-flop TBOFFO that is enabled
by the match of the up counter UC10 with timer register TBORGOH/L or TBORG1H/L
and is output to TBOOUTO. In this mode, the following conditions must be satisfied.

(Set value of TBORGOH/L) < (Set value of TBORG1H/L)

Match with TBORGOH/L )ﬂ |-| |-| |-| |-|
(INTTBOO inerrupt)

1
Match with TBORG1H/L / ! /ﬂ |‘| |‘| |‘|

1

1

(INTTBOL1 interrupt) \ i
1

TBOOUTO pin U |_| I_I |_|

Figure 3.9.6 Programmable Pulse Generation{(PPG) Output Waveforms

When the TBORGOH/L double buffer is enabled in this-mode, the value of register
buffer 0 will be shifted into TBORGOH/Li at match with TBORG1H/L. This feature
makes easy the handling of low-duty waves.

Match with TBORGOH/L n n
Up counter = Q1 Up.counter = Q2

Match with TBORG1H/L

( Shift into TBORG1H/L

TBORGOH/L %
(Value to be compared) Q1 X Q2
/A
Register buffer Q2 X Q3
Write TBORGOH/L

Figure 3.9.7 Operation of Register Buffer

91CU27-129 2008-01-24



TOSHIBA TMP91CU27/CP27/CK27

The following block diagram illustrates this mode.

TBORUN<TBORUN>
TBOOUTO (PPG output)
TBOING Selector . )
q‘ll 3] 16-bit up counter clear E/E
e —3 ucio (TBOFFO)
A4 N7
16-bit comparator Match 16-bit comparator
VAN PAN
Selector TBORGOH/L
N
TBORGO-WR—>{
Register buffer 0 TBORG1H/L
TBORUN<TBORDE> ﬁ ﬁ
q Internal data bus q

Figure 3.9.8 Block Diagram of 16-Bit PPG Mode

The following example shows how to set/16-bit PPG output mode:

— 7 6 5 4 3 2 1,0
TBORUN «~ 0 0 X -0 0 Disable the TBORGOHY/L double buffer and stop TMRBO.
TBORGOH/L « * * * /x " *x/ % % % Set the duty ratio.
* * * * * * * * (16 bItS)
TBORGIH/L « * * > *-x—- % % % Set the frequency.
* * * * * * * * (16 bitS)
TBORUN «~1. 0. XX - 0 X 0 Enable the TBORGOH/L double buffer.
(The duty and frequency are changed on an INTTBO1
interrupt.)
TBOFFCR «~ XX 0 0 111 90 Set the mode to invert TBOFFO at the match with

TBORGOH/L /TBORG1H/L. Clear TBOFFO to “0”.
TBOMOGD «~ 0 0 1 0 0 1 -*_*

Select the source clock and disable the capture function.
(**=01, 10, 11)

P8CR «~ - - = -1 - - )

Set P82 to function as TBOOUTO.
P8FC «~ - - X X_= 1 X
L TBORUN «~ 1 0 X X -1 X 1 Start TMRBO.

X: Don't care, —: No change
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(4) Capture function examples

Used capture function, they can be applicable in many ways, for example:

a. One-shot pulse output from external trigger pulse
b. For frequency measurement

c. For pulse width measurement

d. For time difference measurement

a. One-shot pulse output from external trigger pulse

Set the up counter UC10 in free-running mode withthe 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
TBOCPOH/L value (c) plus a delay time (d) to TBORGOH/L (= ¢ + d), and set the
above set value (c + d) plus a one-shot width (p) to TBORG1H/L (=c+ d + p). And,
set “11” to timer flip-flop control register TBOFFCR<TBOE1T1, TBOEOT1>. Set to
trigger enable for be inverted timer flip-flop TBOFFO by UC10 matching with
TBORGOH/L and with TBORGI1H/L. When interrupt INTTBO1 occurs, this
inversion will be disabled after one-shot pulse is output.

The (c), (d) and (p) correspond toc, d and p Figure 3.9.9:

() Set the counter in free-running mode.

Count clock
(Prescaler output clock) 2 ﬂ—ﬂ-ﬂ—ﬂ—ﬂ ----- J_|-|_|-|-|-|_[ -—— J_|_|-|_|_|_|_| ______

TBOINO pin input
(External trigger pulse)

.§ Load the up countervalue into capture
' Register 0(TBOCPOH/L) and INT5 occurred

2l

Match with TBORGOH/L

/INTTBOl occurred
Inversion /ﬂ '
1
1
1
1

Match with TBORG1H/L enable

caused by loading of
the up counter value
/ into TBOCPOHI/L.

Disables inversion 1 Inversion
'enable

Timer output pin TBOOUTO

Pulse width
()

Delay time

(d)

Figure-3.9.9 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 via the TBOINO pin.

* Clock state
System clock: High frequency (fc)
Clock gear:1 (fc)
Prescaler clock: frpy

Set free running.
—3 Countusing ¢T1.

TBOMOD « X X 1 0 1 0 0 1

Main setting

Load the up-counter value into TBOCPOH/L at the rising
edge of TBOINO pin input.
TBOFFCR « X X 0 0 0 0 1 O

I_‘_I—>Clear TBOFFO to 0.
Disable inversion-of TBOFFO.
P8CR «~ - - - - -1 X X } Set P82 to function as the TBOOUTO pin.
P8FC «~ - - - - - 1 X X Set P80-to TBOINO input mode.
INTES6 «~ X - - - X 1 0 O .
Enable INT5. Disable INTTB0O. and INTTBOL.
INTETBO «~ X 0 0 0 X 0 o0 O
LTBORUN «~ - 0 X X - 1 X 1 Start TMRBO.

Setting in INT5

TBORGOH/L <« TBOCPOH/L + 3ms/¢T1
TBORGIH/L <« TBORGOH/L +2ms/¢T1
TBOFFCR « X X = - 1 1 - =
I_II—> Enable inversion of TBOFFO when the up counter value
match with value of TBORGOH/L or TBORG1H/L.
LINTETBO «~ X 1 0/0 X - - - Enable INTTBO1.

Setting in INTTBO1

TBOFFCR «— X' X. - - 0 0 - =
= JDisable inversion of TBOFFO when the up counter value
match with value of TBORGOH/L or TBORG1H/L.
INTETBO «~ X0 0 0 X = - = Disable INTTBO1.

X: Don’t.care, —: No change
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When delay time is unnecessary, 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 (UC10) value matches
TBORG1H/L, and disabled when generating the interrupt INTTBO1.

Count clock
(Prescaler output clock) J_|_|_|_|_|_|_|_|_|_|_|_ _____ _ﬂ_|_|_|_|_|-|_|_|_ ___________ J-|_|_|_|_|_|-|_|_|_ ........

o c+p

TBOINO pin input A Load the up counter value into capture
(External trigger pulse) register 0 (TBOCPOH/L).
INTS occurred.

Load the up counter value into

~ INTTBOL capture register 1 (TBOCP1H/L)

Match with TBORG1H/L /ﬂ occurred.

1
1
. 1
Inversion enable| 1

1
1
1
]
]
|
)
1
[]
|
]
Timer output TBOOUTO

/ | Pulse width | /
. . . f ]
Enables inversion caused by Ioad_lng ) (p) i Disables inversion caused by loading
of the up counter value into of the up counter value into
TBOCPOHIL. TBOCPLHIL.

Figure 3.9.10 One-shot Pulse Qutput of External Trigger Pulse (without delay)
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b. 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
TMRAO1 and the 16-bit timer/event counter (TMRBO0). (TMRAOL1 is used to setting

of measurement time by inversion TA1FF.)

The TBOINO pin input should be for the input clock'of TMRBO. Set to TBOMOD
<TBOCPM1:0> = “11”. The value of the up counter (UC10) is loaded into the
capture register TBOCPOH/L at the rise edge of the timer flip-flop TA1FF of 8-bit
timers (TMRAO1), and into TBOCP1H/L 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 INTTA1) is
generates by either 8-bit timer.

Count clock _ﬂmljl-lﬂﬂ _____ o J-“(-Uz-m ___________

(TBOINO pin input)

TALFF

Load to TBOCPOHI/L c1

Load to TBOCP1H/L

INTTAO/INTTAL

Figure 3.9:11 Frequency Measurement

For example, if the value for the level 1 width of TA1FF of the 8-bit timer is set
to 0.5 s and the difference between the values in TBOCPOH/L and TBOCP1H/L is
100, the frequency is 100 + 0.5 s = 200.-Hz.
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Count clock

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 UC10 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 values of
TBOCPOH/L and TBOCP1H/L and the internal clock cycle.

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

Additionally, the pulse width which is over the UC10 maximum count time
specified by the clock source, can be measured by changing software.

__ [ [

(Prescaler output clock) Cc1l Cc2

TBOINO pin input
(External pulse)
Load to TBOCPOH/L

Load to TBOCP1H/L

INT5

A L
—<]c1 e L

L
(@)
N
— 1T - r--°-°
(@)
N

Figure 3.9.12 Pulse Width Measurement

Note: Pulse width measure by setting “10” to TBOMOD<TBOCPM1:0>. The external interrupt INT5 is generated in

timing

of falling. edge ‘of TBOINO input. In other modes, it is generated in timing of rising edge of TBOINO input.

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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Count clock
(Prescaler output clock)

TBOINO pin input

TBOIN1 pin input

Load to TBOCPOH/L

Load to TBOCP1H/L

INTS

INT6

Measurement of difference time

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 UC10 value into TBOCPOH/L at the rising edge of the
input pulse to TBOINO. Then the interrupt INT5 is generated.

Similarly, the UC10 value is loaded into TBOCP1H/L at the rising edge of the
input pulse to TBOIN1, 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 cycle
together at which loading the up counter value into TBOCPOH/L and TBOCP1H/L
has been done.

%

[

]

Differnce time

Figure 3.9.13-Measurement of Difference Time
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3.10 Serial Channels

The TMP91CU27/CP27/CK27 includes 2 serial I/0 channels. Each channel is called SIO0 and
SIO1. For each channel, either UART mode (Asynchronous transmission) or I/O interface mode
(Synchronous transmission) can be selected.

¢ I/O interface mode

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

Mode 1: 7-bit data

¢ UART mode Mode 2: 8-bit data

Mode 3: 9-bit data

In mode 1 and mode 2 a parity bit can be added. Mode 3 has a wakeup function for making the
master controller start slave controllers via a serial link (A multi-controller system).

Figure 3.10.2 and Figure 3.10.3 are block diagrams for each channel. Each channel is
structured in prescaler, serial clock generation circuit, receiving buffer /and control circuit,
transfer buffer and control circuit.

Serial channels 0 and 1 can be used independently.

Both channels operate in the same fashion except for the following points; hence only the

operation of channel 0 is explained below.

Table 3.10.1 Differences Between Channels 0 to 1

SIO0 SI0O1
Pin name TXDO (P90) TXDZ1 (P93)
RXDO (P91) RXD1(P94)
CTS0 /SCLKO (P92) CTS1/SCLK1 (P95)
IrDA mode Yes No
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e Mode 0 (I/O interface mode)

BROS00000 A

<«—Transfer direction

e Mode 1 (7-bit UART mode)

B vy 9 00 60 00
Y e 0000 =
erer o ol YD DD
ST D000 000000
Yo oaono DR nCE
o 63 9 6 63 0 0 ) 0 o

Figure 3.10.1 Data Format
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3.10.1 Block Diagram of Each Channels
Prescaler
9T0 +———— 2 [ 4| 8 [1632]64|
V ¥ ¥
$T2  ¢T8 ¢T32
:“'Serial clock generation circuit === --~"-"-~""---------------2
! BROCR TAOTRG I
! <BROCK1:0> (from TMRAO) :
O 1
| 3 BROCR BROADD ! !
| : <BROS3:0>  <BROK3:0> 1 !
I 1
1 1 ! !
1 1
10T 1 5 5 ! | UART |
g2 4 B 3 : g | mode | £ | ~rsjoCLK
I I Q a ] 2 < T
LOT8 a2 o i 3 —1 3 i
' $T32+ ? : :
1 1 1 1
! ! BROCR : T T T T i
b <BROADDE> i| | scomobo | scomopor
! o Baudrate __| ____! <SC1:05 <SM1:0> 1
f ! generator '
svs 1 N H
1 S 1
\ - 3] 1
: B
SCLKO [H- N :
input : interface mode !
Shared e S I---_-_------_'
with P92 SCOCR
<loC>
I/O interface mode
INT request
SCLKOL ] 'NTRXqO
ouptut )
Shared INTTXO0
with P92 Receive SCOMODO, | Serial channel Transmision
counter WU interrupt counter
(UART only + 16) control (UART orlly + 16)
RxoClK | 1 TXDCLK
SCOMODO|  Receive Transmission [
<RXE>"|
control control M cTso
SCOCR Shared )
<PE> <EVEN> SCOMODO with P92
) <CTSE>
Parity centrol
RXDO D ! Receive buffer.1 (Shift register)
Shared
with P91
| RB8 | Receive buffer 2 (SCOBUF) | | Error flag | | TB8 |Transmission buffer (SCOBUF)|__)|:| TXDO
| L
SCOCR Shared )
<OERR><PERR><FERR> with P90
~_~ Vil
S Internal data bus s
Figure 3.10.2 Block Diagram of SIO0
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Prescaler
OT0 ———— 2| 11 |8 |1¢6|32|€14|
$T2  ¢T8 ¢T32
:-"Serial clock generation circuit == === ==-------------------s
! BR1CR TAOTRG I
! <BR1CK1:0> (from TMRAO) :
1 r-f-f-—————————— === 1 !
1 1
i i BRICR  BRIADD ! !
| | <BR1S3:0y |<BRIK3:0> | !
! | ' |
:(I)TO -:—) = 5 ! _ | UART | !
LGT2 o 2 i : g | mode | &  SIOCLK
'] Q N \ Q Q 1
078 13 3 | 18] 8|
L GT32+> &T : :
| \ 1 1
! ! BRICR | T T (N
[ [ <BR1ADDE> ! '
1 | 1 SC1MODO | SC1MODQ !
' L______ Baudrate __f____. <SC1:0> | <SM1:0> 1
I 1
fsys : generator _ :
1 I=] 1
1 . 8] 4 1
: - § :
scLkl [ RQ :
; i interface mode !
input | I !
( Shared ) e i il bbb
with P95 SCICR
<loC>
1/O interface mode INT request
Scik [} 'NTRqu
output | :NTTX1
Shared [ '
(with P95 ) Receive SC1MODOQ | Serial channel Transmision
counter <SWU>—>| interrupt counter
(UART only + 16) control (UART only + 16)
Rk | ] TXDCLK ] )
SClMOD_O) Receive Transmission |
<RXE> control /1 control L ] cTs1
\ SCICR Shared )
<PE> <EVEN> SC1MODO with P95
) <CTSE>
Parity control
RXD1 D ! Receive buffer 1 (Shift register) |
( Shared )
with P94
| RB8 | Receive buffer 2 (SC1BUF) | | Error flag | | TB8 |Transmission buffer (SC1BUF) |__’|:| TXD1
T T 1
SCICR = Shared >
<OERR><PERR><FERR> with P93
v
q Internal data bus S
Figure 3.10.3 Block Diagram of SIO1
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3.10.2 Operation of Each Circuit

(1) Prescaler
There is a 6-bit prescaler for generating a clock to SIO0. The prescaler clock (¢T0) is

a divided clock (divided by 4) from selected clock by the register SYSCRO<PRCK1:0> of

clock gear.
The prescaler can be run only case of selecting the baud rate generator as the serial

transfer clock.
Table 3.10.2 shows prescaler clock resolution into the baud rate generator.

Table 3.10.2 Prescaler Clock Resolution to Baud Rate Generator

Select Select Prescaler | Clock Gear Baud Rate Generator Input Clock
System Clock Clock Value SIO Prescaler
SYSCR1 SYSCRO SYSCR1 - BRxCR<BRxCK1:0>
<SYSCK> <PRCK1:0> <GEAR2:0> $TO(1/1) 0T2(1/4) ~| ¢T8(1/16) | $T32(1/64)
1 (fs) Don't care fsl4 fs/16 fs/64 fs/256
000(1/1) fcl4 fc/16 fc/64 fc/256
00 001(1/2) fc/8 fc/32 fc/128 fc/512
(fepn) 010(1/4) Y fc/16 fcl64 fc/256 fc/1024
0 (fc) 011(1/8) fc/32 fc/128 fc/512 fc/2048
100(1/16) fc/64 fc/256 fc/1024 fc/4096
10 Don't care ~ fc/256 fc/1024 fc/4096
(fc/16 clock)

—: Can not be used
The serial interface baud rate generator selects between 4 clock inputs: ¢TO, ¢T2,

¢0T8, and ¢T32 among the prescaler outputs.
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(2) Baud rate generator

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

The input clock to the baud rate generator, $TO, ¢T2, $T8 or $T32, is generated by
the SIO 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 generator control register.
The baud rate generator includes a frequency divider, which divides the frequency by 1
or N + (16 — K)/16 to 16 values, thereby determining the transfer rate.

The transfer rate is determined by the settings of BROCR<BROADDE, BR0S3:0> and
BROADD<BROKS3:0>.

e In UART mode
(1) When BROCR<BROADDE> = “0”
The settings BROADD<BROKS3:0> are‘ignored.. The baud rate generator divides
the selected prescaler clock by N, which is set in BROCR<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 set in

BROCR<BR0S3:0> and the value of K set in BROADD<BROK3:0>. (N = 2, 3 -=- 15,
K=1,2,3-15)

Note: If N=1or N =16, the N + (16 — K)/16'division function is‘disabled. Clear BROCR<BROADDE> register to “0".

e In I/O interface mode

The N + (16 — K)/16 division function is not available in I/O Interface Mode. Set
BROCR<BROADDE> to“0” before dividing by N.

The method for calculating the transfer rate when the baud rate generator is used is
explained below:

e InUART mode

Baud rate Input clock of baud rate generator .16
“_ <Frequency divider for baud rate generator

e In I/O interface mode

Baud rate = Input clock of baud rate generator L9
" Frequency divider for baud rate generator
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e Integer divider (N divider)

For example, when the source clock frequency (fc) = 12.288 MHz, the input clock
frequency = ¢T2 (fc/16), the frequency divider N (BROCR<BR0S3:0>) = 5, 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: fgpy

Baud rate = fd% + 16

= 12.288 x 10%+ 16 = 5 + 16/= 9600.(bps)
Note: The N + (16 — K)/16 division function is disabled and setting BROADD<BROK3:0> is'invalid.

e N+ (16 — K)/16 divider (UART mode only)

Accordingly, when the source clock frequency (fc) = 4.8 MHz, the input clock
frequency = ¢TO, the frequency divider N (BROCR<BR0S3:0>) = 7, K
(BROADD<BROK3:0>) = 3, and BROCR<BROADDE> = “1”, the baud rate in UART
Mode is as follows:

* Clock state

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

Baud rate = fe/a +16

7+ (16— 3)/16

= 4.8 x 10° +/4+ (74 13/16) + 16 = 9600 (bps)

Table 3.10.3 shows examples of UART mode transfer rates.

Additionally, the external clock input is available in the serial clock. (Serial channels
0'and 1). The method for calculating the baud rate is explained below:

e In UART mode
Baud rate = external clock input frequency + 16

It is necessary to satisfy (external clock input cycle) > 4/fc

e In I/Ointerface mode
Baud rate = External clock input frequency

It is necessary to satisfy (external clock input cycle) > 16/fc
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Table 3.10.3 Transfer Rate Selection

(when baud rate generator is used and BROCR<BROADDE> =0.)

Unit (kbps)

Input Clock
. 0TO T2 ¢T8 0T32

fc [MHZz] Divider N

(fc/a) (fc/16) (fc/64) (fc/256)
(Set to BROCR<BR0S3:0>)

9.830400 2 76.800 19.200 4.800 1.200
) 4 38.400 9.600 2.400 0.600
1 8 19.200 4.800 1.200 0.300
T 0 9.600 2.400 0.600 0.150
12.288000 5 38.400 9.600 2.400 0.600
T A 19.200 4,800 1.200 0.300
14.745600 2 115.200 28.800 7.200 1.800
1 3 76.800 19.200 4.800 1.200
1 6 38.400 9.600 2.400 0.600
) C 19.200 4.800 1.200 0.300
19.6608 1 307/200 76.800 19:200 4.800
T 2 153.600 38.400 9.600 2.400
T 4 76.800 19.200 4.800 1.200
T 8 38.400 9.600 2.400 0.600
T 10 19.200 4.800 1.200 0.300
22.1184 3 115.200 28.800 7.200 1.800
24.576 1 384.000 96.000 24.000 6.000
) 2 192.000 48.000 12.000 3.000
1 4 96.000 24.000 6.000 1.500
T 5 76.800 19.200 4.800 1.200
T 8 48.000 12.000 3.000 0.750
T A 38.400 9600 2.400 0.600
T 0 24.000 6.000 1.500 0.375

gear and fepyyis selected as the clock for prescaler.

Note 1: Transfer rates in I/O interface-mode are eight times-faster than the values given above.

Note 3: The TMRAO match detect signal cannot be used as the transfer clock in I/O interface mode.

Note 2: The values in this table-are calculated for when fc'is selected as the system clock, fc/1 is selected as the clock

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
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(3) Serial clock generation circuit

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

In I/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>
register to generate the basic clock.

In UART mode

The SCOMODO0<SC1:0> setting determines whether the baud rate generator
clocks, the internal system clock fsys, the trigger output signal from timer TMRAO
or the external clock (SCLKO) is used to generate the basic clock' SIOCLK.

(4) Receiving counter

The receiving counter is a 4-bit binary counter used in. - UART mode that counts up

the pulses of the SIOCLK clock. It takes 16 SIOCLK pulses 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 these 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. A data bit sampled as 0, 0 and 1 are
taken to be 0.

(5) Receiving control

In I/0 interface mode

In SCLLK output mode with the setting SCOCR<IOC> = “0”, the RXDO signal is
sampled on the rising edge of the shift clock which is output on the SCLKO pin.

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

In UART mode

The receiving /econtrol block has a circuit that 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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(6) The receiving buffers

(7

(€]

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 transferred to receiving buffer 2 (SCOBUF); this causes an INTRXO interrupt to
be generated.

The CPU only reads receiving buffer 2 (SCOBUF). Even before the CPU reads
receiving buffer 2 (SCOBUF), the received data can be stored in receiving 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<RBS8> will be preserved.

SCOCR<RB8> is used to store either the parity bit — added in 8-bit UART mode — or
the most significant bit (MSB) — in 9-bit UART mode.

In 9-bit UART mode the wake-up 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<RBS8> is “1”.

Transmission counter

The transmission counter s a 4-bit binary counter used'in UART mode and which,
like the receiving counter, counts the SIOCLK clock pulses; a TXDCLK pulse is
generated every 16 SIOCLK clock pulses.

soc JLILIL LA LA i innnnnnin.

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

TXDCLK

Figure’3.10.4 Generation-of Transmission Clock

Transmission controller
e . In I/O interface mode
In SCLK output mode with the setting SCOCR<IOC> = “0”, the data in the
transmission buffer is output one bit at a time to the TXDO pin on the rising or

falling edge’ of the shift 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 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.

e 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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Handshake function

Use of this pin allows data to be sent in units of one data format; thus, overrun

errors can be avoided. The handshake function is enabled or disabled by the
SCOMODO<CTSE> setting.

When the CTSO pin goes High on completion of the current data send, data
transmission is halted until the CTSO pin goes low again. However, the INTTX0
Interrupt is generated, and it requests the next data send from the CPU. The next
data is written in the transmission buffer and data sending is halted.

Though there is no RTS pin, a handshake function’ can be easily configured 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.

TMP91CU27/CP27/CK27 TMP91CU27/CP27/CK27
TXD RXD
CTS RTS (any port)
Transmission side Receiving side

Figure’3.10.5 Hand Shake Function

Timing of writing to the l I £ «
. . ) )
transmission buffer
)
> Send is suspended «

s Tduring this period p ”
4 15 16

o 13 1
SIOCLK g |l 1]

14 15 16 1 2 3

o T T Imnn

1 N
] w

—/ =/ =
—]

~
<

TXDCLK ?

S‘, H
i < Bit0
TXD \ Start bit p

Note 1:If the CTS signal goes high during transmission, no more data will be sent after completion of the current

transmission.
Note 2: Transmission starts on the first falling edge of the TXDCLK clock after the CTS signal has fallen.

Figure 3.10.6 CTS (Clear to send) Timing
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(9) Transmission buffer

The transmission buffer (SCOBUF) shifts out and sends the transmission data
written from the CPU in order 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.

(10) Parity control circuit

When SCOCR<PE> in the serial channel control register is set to “1”, it is possible to
transmit and receive data with parity. However, parity can be added only in 7-bit
UART mode or 8-bit UART mode. The SCOCR<EVEN> field in the serial channel
control register allows either even 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 stored in SCOBUF<TB7> in 7-bit UART mode or in SCOMODO0<TB8> in 8-bit
UART mode. SCOCR<PE> and SCOCR<EVEN> must be set before the transmission
data is written to the transmission buffer.

In the case of receiving, data is shifted into receiving buffer 1, and the parity is added
after the data has been transferred to receiving buffer 2 (SCOBUF), andthen compared
with SCOBUF<RB7> in 7-bit UART mode or with SCOCR<RBS&8> in 8-bit UART mode.
If they are not equal, a parity erroris.generated and the SCOCR<PERR> flag is set.

(11) Error flags
Three error flags are provided to increase the reliability of data reception.
1. Overrun error<OERR>

If all the bitsof the next data item have been'received in receiving buffer 1 while
valid data still remains stored in receiving buffer 2 (SCOBUF), an overrun error is
generated.

The below'is a recommended flow when the overrun error is generated.
(INTRX interrupt routine)

1) / Read receiving buffer

2)_Read error flag

3) If<OERR> =“1”
then

a. Set to disable receiving (write “0” to SCOMODO<RXE>)
b. Wait to terminate current frame
c. 'Read receiving buffer
d. Read error flag
e.-Set to enable receiving (write “1” to SCOMODO<RXE>)
f. Request to transmit again

4) Other
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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.

3. Framing error<FERR>

The stop bit for the received data is sampled three times around the center. If
the majority of the samples are 0, a framing error is generated.

(12) Timing generation
a. In UART mode

Receiving
ode 9 bits 8 bits + Parity ~ | 8 bits, 7 bits + Parity, 7 bits
Interrupt generation Center of last bit Center of last bit .
o . L Center of stop. bit
timing (Bit8) (Parity bit)

Framing error generation
timing

Center of stop bit

Center.of stop bit

Center of stop bit

Parity error

Center.of last bit

Center of last bit

generation timing (Parity bit)
Overrun error generation Center of last bit Center of last bit .
. . o Center of stop bit
timing (Bit8) (Parity bit)

Note: In 9 bits and 8 bits + Parity modes, interrupts_coincide with the ninth bit pulse.
Thus, when servicing the interrupt, it is-necessary to wait for a 1-bit'period (to allow the stop bit to be

transferred) to allow checking for a framing error.

Transmitting

9 bits

Just before stop bit is
transmitted

ode 8 bits + Parity |8 bits, 7 bits + Parity, 7 bits

Just before stop bit is transmitted

Just before stop bit is

Interrupt timing transmitted

b. I/O interface

Transmission | SCLK output mode_ [ Immediately after the last bit.(See Figure 3.10.19.)
interrupt . Immediately after rise of last SCLK signal rising mode, or immediately
. SCLK input-mode . . .
timing after fall in falling mode. (See Figure 3.10.20.)

- Timing used to transfer received to data receive buffer 2 (SCOBUF)
Receiving SCLK output mode ) . .
rterrupt (e.g., immediately after last SCLK). (See Figure 3.10.21.)
N\ . Timing used to transfer received data to receive buffer 2 (SCOBUF)
timing SCLK input mode ) . )

(e.g., immediately after last SCLK). (See Figure 3.10.22.)
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3.10.3 SFR
7 6 5 4 3 2 1 0
SCOMODO |[Bit symbol TB8 CTSE RXE wu SM1 SMO SC1 SCOo
(0202H)  JRead/Write R/W
Reset State 0 0 0 0 0 | 0 0 | 0
Function Transfer Hand shake | Receive Wakeup Serial transmission Serial transmission
data bit8 function control function mode clock (UART)
control 0: Receive |0: Disable |00: I/O interface'mode” [00: TMRAO trigger
0: CTS disable | 1: Enable |01:7-bit UART mode |01: Baud rate generator|
disable 1: Receive 10: 8-bit UART-mode | 10: Internal clock fsys
1: CTS enable 11: 9-bit UART mode | 11: External clock
enable (SCLKO input)
1]

|—> Serial transmission clock source (WART)
00/] Timer TMRAOQ trigger output signal
01 | Baud rate generator

10 | Internal clock fgys

11 | External clock (SCLKO input)

Note: The—clock /selection for the /O
interface mode is controlled by the
serial control register (SCOCR).

L Serial transmission mode

00 [ I/O Interface mode
01 7-bit mode
10 UART mode 8-bit mode
11 9-bit mode
————> Wakeup function
9-bit UART Other modes

Interrupt generated when
data is received

Don’t care
Interrupt generated only

when SCOCR<RB8> = “1"
Receiving function

1

0 | Receive disabled

1 | Receive enabled
Handshake function (CTS pin)

0 | Disabled (Always transferable)
1 | Enabled
Transmission data bit8

Figure 3.10.7 Serial Mode Control Register 0 (for SIO0 and SCOMODO)
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SC1MODO
(020AH)

5 4

Bit symbol

TB8

CTSE

RXE Wu

SM1 SMO

SC1 SCO

Read/Write

R/W

Reset State

0

0

0 0

o | o

o | o

Function

Transfer
data bit8

Handshake

function

0: CTS
disable

1: CTS
enable

Receive

control

0: Receive
disable

1: Receive
enable

Wakeup
function

1: Enable

0: Disable

Serial transmission
mode

00: I/O interface mode
01: 7-bit UART mode
10: 8-bit UART/mode

Serial transmission
clock

(UART)

00: TMRAO trigger

01: Baud rate generator

11: 9-bit UART mode

10: Internal clock fgys
11: External clock
(SCLK1 input)

I

5

Serial transmission clock source (for UART)

00

Timer TMRAO trigger output;signal

01

Baud rate generator

10

Internal clock fgys

11

External clock (SCLK1 input)

Note: The clock selection for the I/O

interface mode/is controlled by the
serial control register (SC1CR).

Serial transmission mode

00

1/O-interface mode

01

7-bit mode

10

UART mode 8-bit mode

11

9-bit mode

Wakeup function

9-bit UART IOther modes

Interrupt generated when
data is received

Don't care
Interrupt generated only

when SCICR<RB8> =*“1"

Receiving function

0

Receive disabled

1

Receive enabled

Handshake function (CTS pin)

0

Disabled (Always transferable)

1

Enabled

Transmission data bit8

Figure 3.10.8.Serial Mode Control Register 0 (for SIO1 and SC1MODO)

91CU27-151

2008-01-24




TOSHIBA TMP91CU27/CP27/CK27

7 6 5 4 3 2 1 0
SCOCR Bit symbol RB8 EVEN PE OERR PERR FERR SCLKS 10C
(0201H) Read/Write R R/W R (Cleared to 0 when read) R/W
Reset State | Undefined 0 0 o | o | o 0 0
Aread Function Received | Parity Parity 1: Error 0: SCLKO |0:Baud rate
-modify-write data bits | 0: Odd addition Overrun Parity Framing = generator
operation 1: Even 0: Disable 1: SCLKO ([1:SCLKO
cannot be 1: Enable [j] pin input
performed
] ] ] | J

— | |

L I/O linterface input clock selection

0 | Baud.rate generator

1] SCLKO pin input

—_ Edge selection for SCLKO pin (I/O-mode)

0| Transmits and receives r]
data on rising edge of SCLKO

1 | Transmits and receives [_L]
data on falling edge SCLKO.

-——— Framing error flag
. Cleared to “0”
L~ Parity errorflag
when read

-~ 5 Overrun error flag

Parity addition enables
0| Disabled
1 [ Enabled

Even parity addition/check
0. | Odd parity
1 | Even parity

Received data 8

Note: As all error flags are cleared after reading, do not test only a single bit with a bit-testing instruction.

Figure 3.10.9 Serial Control Register (for SIO0 and SCOCR)
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7 6 5 4 3 2 1 0

SCICR Bit symbol RB8 EVEN PE OERR PERR FERR SCLKS 10C
(0209H) Read/Write R RIW R (Cleared to 0 when read) R/W

Reset State | Undefined 0 0 o | o | o 0 0
Aread Function Received | Parity Parity 1: Error 0: SCLK1 |0:Baud rate
-modify-write data hit8 | 0: Odd addition Overrun Parity Framing [ 1\—] generator
operation 1:Even |O0: Disable 1:SCLK1 pin
cannot be 1: Enable 1: SCLK1 input
performed [j]

I l I

— ' |

Ls 1o interface input clock selection

0 |Baud rate generator

1. [SCLK1 pin input

—> Edge selection for SCLK1 pin (I//O.mode)
Transmits.and receives [ ]
data on rising edge of SCLK1.
Transmits and receives [j]
data on falling edge SCLK1.

—— > Framing error flag }

0

1

. Cleared to “0”
———> Parity error flag

when read
Overrun error flag

Parity-addition enables
0 [Disabled
1 |Enabled
Even parity addition/check
0 [Odd parity
1 |Even parity
Received data bit8

Note: As all error flags are- cleared after‘reading, do not test only a single bit with a bit-testing instruction.

Figure 3.10.10 Serial Control Register (for SIO1 and SC1CR)
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7 6 5 4 3 2 1 0
BROCR Bit symbol — BROADDE | BROCK1 BROCKO BR0OS3 BR0S2 BROS1 BR0OSO
(0203H) Read/Write R/W
Reset State 0 0 o | o o | o [ o [ o
Function Always | +(16 - 00: ¢TO Setting of the divided frequency “N”
write “0”. [ K)/16 01: ¢T2 (010 F)
division 10: ¢T8
0: Disable |11: ¢T32
1: Enable

|

+ (16 — K)/16 divisions enable Setting the input clock of baud rate generator

0 | Disable 00 | Internal clock ¢TO
1 | Enable 01 | Internal clock ¢T2
10 | Internal clock ¢T8
11 | Internal clock ¢T32
7 6 5 4 3 2 1 0
BROADD |Bit symbol BROK3 BROK2 BROK1 BROKO
(0204H) Read/Write RIW
Reset State o | o} 0o | o
Function Sets frequency divisor “K”
(divided’by N + (16 — K)/16)

Sets baud rate generator frequency divisor, seting

BROCR<BROADDE> = “1" BROCR<BROADDE>'= “0"
BROCR | 0000 (N £16) | .0010 (N=2) | 0001 (N'= 1) (UART only)
<BR0S3:0> or to to
BROADD 0001 (N-= 1)-|-1111 (N = 15) 1111 (N = 15)
<BROK3:0> 0000 (N = 16)
0000 Disable Disable
0001 (K =1) Disable Divided by. Divided by N
to N+ (16 =K)/16
1111 (K = 15)

Notel:Availability of +(16-K)/16 division function

N UART mode 1/0 mode
21015 O X
1,16 X X

The baud rate generator can be setto “1” in UART mode only when the +(16-K)/16 division function is not used.
Do not use in /O/interface mode.

Note2:Set BROCR <BROADDE> to “1” after setting K (K = 1 to 15) to BROADD<BROK3:0> when the +(16-K)/16
division function is used. Writes to unused bits in the BROADD register do not affect operation, and undefined

data is read from these unused bits.

Figure 3.10.11 Baud Rate Generator Control (for SIO0, BROCR and BROADD)
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7 6 5 4 3 2 1 0
BRICR  |Bit symbol — | BriappE | BRick: | BRicko | BRisz | Bris2 | BRisi | BRiso
(020BH) Read/Write R/W
Reset State 0 0 o | o o | o [ o [ o

Function Always +(16 — K)/16( 00: ¢TO
write “0”. | division 01: ¢T2
0: Disable |10: ¢T8
1: Enable |[11:¢T32

Divided frequency setting

+ (16 — K)/16 divisions enable Input clock selection for baud rate generator
0 | Disabled 00 | Internal clock ¢TO
1 | Enabled 01 | Internal clock ¢T2

10 | Internal clock ¢T8
11 | Internal clock ¢T32

7 6 5 4 3 2 1 0
BR1ADD |Bit symbol BR1K3 BR1K2 BRIK1 BR1KO
(020CH) Read/Write R/W
Reset State 0 | 0 I 0 | 0

Function A
Setfrequency divisor K

(Divided by N + (16 — K)/16)

Baud rate generator frequency divisor-setting |

BR1CR<BR1ADDE> = “1" BR1CR<BR1ADDE> = “0"
BRICR 0001 (N = 1) (UART only)
<BR1S.0s| 0000 (N=16) | 0010 (N =2) o
BRIADD 0001c()rr\| =1y | 1111 fﬁ = 15) 1111 (N =15)
<BR1K3:0> 0000 (N = 16)
0000 Disable Disable
0001 (K = 1) Disable Divided by Divided by N
to N+ (16 - K)/16
1111 (K = 15)

Notel:Availability of +(16-K)/16 division function

N UART mode 1/0 mode
21015 O X
1,16 X X

The baud rate generator can be set “1” in UART mode only when the +(16-K)/16 division function is not used.

Donot use in 1O interface mode.

Note2:Set BR1CR <BR1ADDE> to “1” after setting K (K = 1 to 15) to BRIADD<BR1K3:0> when the +(16-K)/16
division function is used.'Writes to unused bits in the BR1ADD register do not affect operation, and undefined

data is read from these unused bits.

Figure 3.10.12 Baud Rate Generator Control (for SIO1, BR1CR and BR1ADD)
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7 6 5 4 3 2 1 0
TB7 | TB6 | TB5 | TB4 | TB3 | TB2 | TB1 | TBO

SCOBUF

(0200H) 7 6 5 4 3 2 1 0
RB7 | RB6 | RB5 | RB4 | RB3 | RB2 | RB1 | RBO

Note: A read-modify-write operation cannot be performed in SCOBUF.

(Transmission)

(Receiving)

Figure 3.10.13 Serial Transmission/Receiving Buffer Register (for SIO0,and SCOBUF)

SCOMOD1
(0205H)

7 6 5 4 3 2 1 0
Bit symbol 12S0 FDPX0
Read/Write R/W R/W
Reset State 0 0
Function IDLE2 Duplex
0: Stop 0: Half
1: Run 1: Full

Figure 3.10.14 Serial Mode Control Registerl (for SIO0 and SCOMOD1)

7 6 5 4 3 2 1 0
T87 | TB6 | TBS | TB4 | TB3 | TB2 | TB1 | TBO

SC1BUF

(0208H) 7 6 5 4 3 2 1 0
RB7 | RB6 | RB5 | RB4 | RB3 | RB2 | RB1 | RBO

Note: A read-modify-write-operation cannot be performed in SC1BUF.

(Transmission)

(Receiving)

Figure 3.10.15 Serial Transmission/Receiving Buffer Register (for SIO1 and SC1BUF)

SCIMODL1
(020DH)

7 6 5 4 2 1 0
Bit symbol 12S1 FDPX1
Read/Write RIW RW
Reset State 0 0
Function IDLE2 Duplex
0: Stop 0:-Half
1:'Run 1: Full

Figure 3.10.16 Serial Mode Control Registerl (for SIO1 and SC1MOD1)
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3.10.4 Operation of Each Mode

(1) Mode 0 (I/O interface mode)

This mode allows an increase in the number of I/O pins available for transmitting
data to or receiving data from an external shift register.

This mode includes the SCLK output mode to output synchronous clock SCLK and
SCLK input mode to input external synchronous clock SCLK.:

Output extension Input extension
TMP91CU27 Shift Al — TMP91CU27 Shift Al
ICP27/CK27 register Bl — /CP27/CK27 register B| <—
TXD Sl C| — RXD QH C| «—
D| — D| <—
SCLK SCK E|f— SCLK CLOCK E| <
F| — F| <
Port RCK G| — Port S/L G| «—
H| — H| «—
TC74HC595 or equivalent TC74HC165 or equivalent
Figure 3.10.17 Example of SCLK Output Mode Connection
QOutput extension Input’extension

TMP91CU27 Shift Al = TMP91CU27 Shift Al —

/CP27/CK27 register B\ /CP27/CK27 register B| «—

- -—

TXD Sl c RXD QH c
D| — D| <—
E| — E| <
SCLK SCK SCLK CLOCK

Fl — Fl «—

Port RCK G| — Port SIC G| —

H| — H| <—

TC74HC595 or-equivalent TC74HC165 or equivalent
External clock External clock

Figure 3.10:18 Example of SCLK Input Mode Connection
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a. Transmission

In SCLK output mode 8-bit data and a synchronous clock are output on the TXDO
and SCLKO pins respectively each time the CPU writes data to the transmission buffer.
When all data is outputted, INTESO<ITX0C> will be set to generate the INTTXO0

interrupt.
Timing of transmitted | }
data writing \ D)
SCLKO output

A

(<SCLKS>="0": ~— +_1 u L%_T

Rising edge mode) ! ! ! \ (Internal clock

l l
SCLKO output i_l i_l i_#_l i l i l | timing)

(<SCLKS>="1": . ! ! ;
Falling edge mode) ' ' ' " !
TXDO X B X B Y ) N Bt X Btz .
[] [] [} W 1 ]
ITX0C ' ' '
(INTTXO B |—
Interrupt request) »

Figure 3.10.19 Transmission Operation in I/O Interface’Mode (SCLKO output' mode)

In SCLK Input Mode, 8-bit data is output from the TXDO pin when the SCLKO input
becomes active after the data has been written to the transmission buffer by the CPU.

When all data is outputted, INTESO<ITX0C> will be set to generate INTTXO0 an

interrupt.
SCLKO input
(<SCLKS> = “0": Rising mode) | ] f |—S€ | L1 [
SCLKO input : ' ' ' ' :
(<SCLKS> = “1": Falling mode) [ b |_S | N
1 1 ] 1 1 1
| 1 o (( ! ! !
TXDO X Bito X Btk Xy Bits X Bt X Bit7
<ITX0C> : | = : : i
(INTTXO intterrupt regest) 4

Figure 3.10.20 Transmission Operation in 1/O Interface Mode (SCLKO input mode)
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IRX0OC
(INTRXO

interrupt request)
SCLKO output

(<SCLKS>="0":
Rising edge mode)

SCLKO output
(<SCLKS>="1":
Fallingf edge mode)

RXDO

Figu

SCLKOinput
(<SCLKS>=0:
Rising edge mode)

SCLKO in

(<SCLKS> = 1:

Falling ed
RXDO

IRX0OC
(INTRXO0)

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<IRXO0C> is cleared by reading the received data. When 8-bit data are received,
the data will be transferred 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”.

| N {«

~ § 1

. !

\\Y

L}
]
v X
Zmmmm -
X ’\\ X___Bit6 Bit7 . A ____
77

_——l -

l
1 1|

R TR T

re 3.10.21 Receiving Operation in I/O Interface Mode (SCLKO-output. made)

In SCLK input mode, the data is shifted to receiving buffer 1 when the SCLK input
becomes active after the receive interrupt flag INTESO<IRX0C> 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 interrupt.

e L]
N S o A e N |

l

1

|

i
T X Bito W Bt W Bt X Bit6 X Bitz T
= N

|

put

ge mode)

Figure 3.10.22 Receiving Operation-in 1/O Interface Mode (SCLKO input mode)

Note:

If receiving, set to the receive-enable state (SCOMODO<RXE> = “1") in both SCLK input mode and output

mode.
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c. Transmission and receiving (Full duplex mode)

When the full duplex mode is used, set the level of receive interrupt to “0”, and only
set the interrupt level (from 1 to 6) of the transmit interrupt. In the transfer interrupt
program, the receiving operation should be done like the below example before setting
the next transmit data.

Example: Channel 0, SCLK output
Baud rate = 9600 bps
fc = 14.7456 MHz

* Clock state

System clock:  High frequency (fs)
Clock gear: 1 (fc)

Prescaler clock: frpy

e Main routine
7 6 5 4 3 2 1 0

INTESO X 0 0 1 X 0 0 o Set transmission interrupt level, and disable receiving
interrupt:

PI9CR - - - - -1 0 1 }
Setto P90 (TXDO), P91 (RXD0).and P92(SCLKO).

PI9FC X X - X - 1 X 1

scomMob0 - - - - 0 0 —rit Set to I/O interface mode:

SCOMOD1 1 1 X X X X X X Set to full duplex mode.

SCOCR - - - - - —-//0.= SCLK out, transmit'on negative edge, receive on positive
edge

BROCR 0 011 00 1.1 Set'to9600 bps.

sCoMODO0 - - 1 - = == - Enable receiving.

SCOBUF R N N Set the transfer data.

e INTTXO interrupt routine
Acc«SCOBUF Read the receiving data.
SCOBUF * * . * . * *x * % * Set the next transfer data.

X: Don’t care, —: No change

91CU27-160 2008-01-24



TOSHIBA TMP91CU27/CP27/CK27

(2) Mode 1 (7-bit UART mode)

7-bit UART mode 1is 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).

Setting example: When transmitting data of the following format, the control registers
should be set as described below. This explanation applies to channel
0.

N\ o DO+

<«——— Transmission direction (Transmission rate: 2400 bps at fc = 12.288 MHz)

* Clock state

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

76543210
POCR XX -=--- 1 Set P90 to function-as the TXDO pin.
POFC «~ XX -X-- 1 }
SCOMODO « - - - - 0 1-0-1 Select 7-bit UART mode:
SCOCR «-11-—-(£-x Add even parity.
BROCR «<001001001 Set the transfer rate-to 2400 bps.
INTESO « X1 0+ - ——= Enable the INTTXO interrupt and set it to interrupt level 4.
SCOBUF « * * * * * * x * Set data for transmission.

X: Don't care, —: No change
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(3) Mode 2 (8-bit UART mode)

8-bit UART mode is selected by setting SCOMODO<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).

Setting example: When receiving data of the following format, the control registers
should be set as described below.

AT O 0000000

<——— Transmission direction (Transmission rate: 9600 bps at fc =12.288 MHz)

* Clock state

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

e Main settings

POCR — - - - - - - 0 - Set P91 (RXDO) pin to input pin.

SCOMODO «~ - -1 -1001 Enable receiving in 8-bit UART mode.

SCOCR «~-01---- - Add odd parity.

BROCR «<~00010101 Set to 9600 bps.

INTESO «—----X100 Enable the INTRXO interrupt and set it to interrupt level 4.

¢ Interrupt processing

Acc < SCOCR/AND 00011100

) Check for errors.

if Acc # 0then ERROR

Acc <« SCOBUF Read the received data.

X: Don't care, —: No change
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(4) Mode 3 (9-bit UART mode)

9-bit UART mode is selected by setting SCOMOD0<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<TBS8>. In the
case of receiving it is stored in SCOCR<RB8>. When the buffer is written or read, the
<TB8> or <RB8> is read or written first, before the rest of the SCOBUF data.

Wakeup function

In 9-bit UART mode, the wakeup function for slave controllersis enabled by setting
SCOMODO<WU> to “1”. The interrupt INTRXO0 oceurs only when <RB8> = “1”.

H

TXD

Master

RXD

TXD

Slave 1

RXD TXD

Slave 2

RXD

TXD

Slave 3

RXD

Note: The TXD pin of each slave controller must be in open-drain-output mode.

Figure 3.10.23 Serial Link Using Wakeup Function
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Protocol

a. Select 9-bit UART mode on the master and slave controllers.
b. Set the SCOMODO<WU> bit on each slave controller to “1” to enable data receiving.
c¢. The master controller transmits one-frame data including the 8-bit select code for the

slave controllers. The MSB (Bit8)<TBS8> is set to “1”.

N
\Start /< BltOX X X X X X X >/ VStop
Select code of slave controller

d. Each slave controller receives the above frame. If it-matches with own select code,

clears<WU> bit to “0”.
e. The master controller transmits data to the  specified slave controller whose

SCOMODO<WU> bit is cleared to “0”. The MSB (Bit8) <TB8> is cleared to “0”.

—_——
\Start/< Bit0 X X X X X X X >\ Bit8 Stop
Data

f. The other slave controllers (whose<WU> bits remain at 1) ignore the received data

because their MSB (Bit8 or <RB8>) are set to “0”, disabling INTRXO interrupts.

The slave controller (KWU> bit = “0”) can transmit data to the master controller, and it
1s possible to indicate the end of data receiving to the master controller by this
transmission.
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Example: To link two slave controllers serially with the master controller using the system clock

fsys as the transfer clock.

)

e Master controller setting

TXD RXD TXD RXD TXD RXD
Master Slave 1 Slave 2
Select code Select'code
00000001 00001010

Main routine

P9CR “— - - - - - - 01 } Set P90-to, TXDO.pin. Set P91 to RXDO pin.

P9FC —~ XX -X--X1

INTESO «~X100X101 Set INTTXO to enable, set interruptslevelto/level 4.
Set INTRXO to enable, set interrupt-level tolevel 5.

SCOMODO0 «~ 1010111 Set to 9-bit UART mode; and set transfer clock to fgys.

SCOBUF «~ 0000 001 Set select code of slave 1.

Interrupt routine (INTTXO0)

SCOMODO « 0 — — — — == — Clear<TB8> to “0".

SCOBUF — Fx kT ETR R K Set transmission data.

e Slave setting

Main routine

P9CR D el 01

POFC XX -X--X1 Set P90 to TXDO (Open-drain output) and P91 to RXDO.

ODE =X XXX ==-1

INTESO «~X101X110 Set INTTXO0 and INTRXO to enable.

SCOMODO. «- 1 0 1.1.11 10 Set to<WU> = “1" in 9-bit UART mode, and set transfer clock
favs.

Interrupt routine (INTRXO0)

Acc « SCOBUF

if Acc = Select code

Then SCOMODO <= —— -0 - — - — — Clear<wWuU> to “0".
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3.10.5 Support for IrDA

SIOO0 includes support for the IrDA 1.0 infrared data communication specification.
Figure 3.10.24 shows the block diagram.

Transmisison data| r----------- . TXDO | r=-=--=-=-=#=------—--
! |R modulator |} IR transmitter & LED ——>
-------------------------------- 1 IR output
SIO0 Modem
Receive data F-————————=—=- RXDO | r--==-=--F+=-7>~4-----~
! |R demodulator | ! IR receiver 1
------------ . P U A Vi Gy g Sy IR input
IR‘'module
TMP91CU27/CP27/CK27

Figure 3.10.24 Block Diagram of IrDA

(1) Modulation of transmission data

When the transmission data is “0”; output “H” level with either 3/16or 1/16 times for
width of baud rate (Selectable in software). When data is “1”, modem output “L” level.

. . 1 1 T 1 L
Transmission Start ! 0 1 0o~ 0 1 v o 0 Stop |
data X : '

] ] ] ] ] ] 1 ] ] ] ]
] ] ] ] ] ] ] ] ] ] ]
| | | 1 | | 1 | | | |
Output after | |-| | |_| : | |_| | |_| i | | |_| | |_| | |
modulation : : ' ! ' ' ' ' ' ' '
1 1 1 1 1 1 1 1 1 1 1
] ] | ] ] ] 1 ] ] ] ]

Figure 3.10.25 Example of Modulation of Transmission Data

(2) Modulation of recéiving data

When the receive data has an/effective high level pulse width (Software selectable),
the modem- outputs “0” to-STO0. Otherwise modem outputs “1” to SIO0. Receive pulse
logic is selectable by SIRCR<RXSEL>.

Receiving pulse
<RXSEL> =*0"

=

Receiving pulse
<RXSEL> ="1"

S

Start 1 0 1 1 0 Stop

Data after modulation

Figure 3.10.26 Example of Modulation of Receiving Data

(3) Data format

Format of transmission/receiving must set to data length 8 bits, without parity bit,
1-bit of stop bit.

Any other settings don’t guarantee the normal operation.
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SIRCR
(0207H)

(4) SFR

Figure 3.10.27 shows the control register SIRCR. If change setting this register,
must set it after set operation of transmission/receiving to disable (Both <TXEN> and
<RXEN> of this register should be cleared to “0”).

Any changing for this register during transmission or receiving operation doesn’t
guarantee the normal operation.

The following example describes how to set this register:

7 6 5 4 3 2 1 0

Bit symbol PLSEL RXSEL TXEN RXEN SIRWD3 SIRWD?2 SIRWD1 SIRWDO
Read/Write R/W
Reset State 0 0 0 0 o oo | o | o
Function Select Receive Transmit [ Receive Select effective pulse width of SIRRxD

transmit  |data 0: Disable [0: Disable |Set effective pulse-width to equal to_or more

pulse 0:"H” pulse | 1: Enable [1: Enable |than 2xx (Value+1) +100ns

width 1:"L” pulse Can beset: 1to 14

0: 3/16 Cannot be set:0, 15

1:1/16

—

Select receive pulse width
———> Formula: Effective pulse width> 2x x (Value + 1) +100ns
X = 1fepy

0000 | Cannotbe set.
0001 | Equal to.or-more than 4x + 100 ns.

to

1110 | Equal to or more than 30x + 100 ns.
1111 | Cannot be set.

3> Receive operation

0 Disabled
(ignores received data)
1 Enabled

Transmit operation
0 Disabled
(ignores the data transmit from SI0)

1 Enabled

Select transmit pulse width
0 3/16

1 1/16

Note: If pulse width complying with the IrDA 1.0 standard (1.6 ys min.)
can be guaranteed with a low baud rate, setting this bit to “1” will
result in reduced power dissipation.

Figure 3.10.27 IrDA Control register

1) SIO setting ; Set SIO side.
{

2) LD (SIRCR), O7H ; Set receiving effect pulse width to 8/16.

3) LD (SIRCR), 37H ; Enable transmission/receiving by setting<TXEN>, <RXEN> bit to “1".
{

4) Start of transmission/receiving ; The modem operates as follows:
. SIOO starts transmitting.
e IR receiver starts receiving.
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(5) Notes

1. Baud rate for IrDA

When IrDA is operated, set “01” to SCOMODO0<SC1:0> to generate baud rate.
Settings other than the above (TAOTRG, fsys and SCLKO input) cannot be used.

2. The pulse width for transmission
The IrDA 1.0 specification is defined in Table 3.10.4.

Table 3.10.4 Baud Rate and Pulse Width Specifications

. Rale | pyise Width | Pulse Width | Pulse Width

Baud Rate | Modulation | Tolerance )
(% of rate) (min) (typ.) (max)
2.4 kbps RZI +0.87 141 ps 78.13'us 88.55 us
9.6 kbps RZI +0.87 1.41 ps 19.53 us 22.13 ps
19.2 kbps RZI +0.87 1.41 ps 9.77 us 11.07ps
38.4 kbps RZI +0.87 1.41 ps 4.88 ps 5.96 us
57.6 kbps RZI +0.87 141 ps 3.26 us 4.34 us
115.2 kbps RZI +0.87 1.41us 1.63 pus 2.23 us

The pulse width is defined as either baud rate T x 3/16 or 1.6 s (1.6 us is equal to T x
3/16 pulse width when baud rate is(115.2 kbps).

The TMP91CU27/CP27CK27 has-a function which canselect the pulse width of
transmission as either 3/16 or 1/16. However, 1/16 pulse , width can only be selected
when the baud rate is equal to or less than 38.4 kbps.

When 57.6 kbps and 115.2 kbps, the output pulse width should not be set to T x 1/16.

For the same reason, + (16— K)/16 division function in the baud rate generator of
SIOO0 cannot be used to generate a 115.2 kbps baud rate.

The + (16 — K)/16 division function can not be used also when the baud rate is 38.4 kbps
and the pulse width 1s 1/16.

Table 3.10/5 shows baud rate and pulse width for (16 — K)/16 division function.

Table 3.10.5Baud Rate and Pulse Width for (16 — K)/16 Division Function

i Baud Rate
Pulse Width
115.2 kbps| 57.6 kbps.| 38.4 kbps | 19.2 kbps | 9.6 kbps | 2.4 kbps
T x 3/16 X o ¢ o o
T x 1/16 — — o o o

O: (16 — K)/16 division function can be used.
x: (16 — K)/16 division function can be used.
—: Cannot be set to T x 1/16 pulse width.
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3.11 Serial Bus Interface (SBI)

The TMP91CU27/CP27/CK27 has a 1-channel serial bus interface which employs a
clocked-synchronous 8-bit SIO mode and an I12C bus mode (Multi muster).
The serial bus interface is connected to an external device through P61 (SDA) and P62 (SCL)
in the I2C bus mode; and through P60 (SCK), P61 (SO), and P62 (SI) in the clocked-synchronous
8-bit SIO mode.
Each pin is specified as follows.

ODE <ODE62, 61> P6CR <P62C, P61C, P60C>{ P6FC <P62F, P61F, P60F>
I°C bus mode 11 11X 11X
Clock synchronous XX 011 X11
8-bit SIO mode 010
X: Don't care
3.11.1 Configuration
——> INTSBI interrupt request
SCL
l | SCK
slo —{]rso
clock (SCK)
control
<] /o
T l control
¢T ——>| Divider % —DPGl
SIO
Transfer ] (SO/SDA)
data control SI
C bus control <: ]
clock sync. . circuit
Noise + PN l _DPGZ
canceller |~ | Contro . I°C bus data (siscl)
Shift register Noise
control  fe— SDA
canceller
N | |
SBIOCR2/
12COAR SBIODBR SBIOCR1 SBIOBRO, 1
SBIOSR
SBI control register 2/ I°C bus SBl.data SBl control SBI baud rate
SBI status register address register  buffer register register 1 registers 0 and 1
Figure 3.11.1 Serial Bus Interface (SBI)
91CU27-169 2008-01-24



TOSHIBA TMP91CU27/CP27/CK27

3.11.2 Control

The following registers are used to control the serial bus interface and monitor the
operation status.
e Serial bus interface control register 1 (SBIOCR1)

e Serial bus interface control register 2 (SBIOCR2)

e Serial bus interface data buffer register (SBIODBR)
e I2C bus address register (I2COAR)

e Serial bus interface status register (SBIOSR)

o Serial bus interface baud rate register 0 (SBIOBRO)
e Serial bus interface baud rate register 1 (SBIOBR1)

The above registers differ depending on a mode to be used.
Refer to Section, “3.11.4 I2C Bus Mode Control- Register” and( “3.11.7 Clocked
Synchronous 8-Bit SIO Mode Control.”

3.11.3 Data Format in I°C Bus Mode

Data format in I12C bus mode is shown Figure 3.11.2.

(a) Addressing format

je—— 8bits ——>| 1 [«— 1108 bits-—>| 1 «— 1to8bhits —>1
F'TTTTT]Rr A A A

S Slave address I'c Data C Data C|P
W K K K
1 1 or more —————

(b) Addressing format (With restart)

e—— 8 bits’ —>{1[«— 1to 8 bits —>{1[ [«—— 8bits —>|1«— 1to8bits —>1
1T T T Ir A A F'TTTTT]Rr A A
S Slave address r'ic Data C|s Slave address I'{c Data C|P
Wi K K W K K
1 1 or.more 1 1 or more —>|
(c) Free data format (Transfer-format transfer from master device to slave device.)
je—— 8 bits ——{1j<— 1to8bits —>{1«— 1to8bits —>|1
1T T 11 A A A
S Data c Data C Data C|P
K K K
1 1 or more — >

S: Start condition
R/W : Direction bit
ACK: Acknowledge bit
p: Stop condition

Figure 3.11.2 Data Format in I°C Bus Mode
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3.11.4 I°C Bus Mode Control Register
The following registers are used to control and monitor the operation status when using
the serial bus interface (SBI) in the I2C bus mode.
Serial Bus Interface Control Register 1
7 6 5 4 3 2 1 0
SBIOCR1 | Bit symbol BC2 BC1 BCO ACK SCK2 SCK1 SCKO/
(0240H) SWRMON
Read/Write W R/W W R/W
A Reset State o | o 0 0 o o 0/1 (Note3)
read-modify | Function Select number of transferred bits | Acknowledge Internal serial clock selection and
. (Note 1) mode software reset monitor

-write ip .

) specification (Note 2)
operatlon 0: Not
cannot be generate
performed. 1: Generate

Internal serial clock selection <SCK2:i)> @ write

000
001
010
011
100
101
110

n=5
n="=6
n=7
n=8
n=9
n=10
n=11

— Note4
— Note4d

13.1/'kHz

111 |Reserved|(Reserved)

ystem- clock; fc

— Note4 | |Clock gear: fe/l

— Note4 \ |fc=27'MHz

51.9 kHz | (Output to internal SCL)
26:2 _kHz [“\Frequency =

nfc [Hz]
2°+8

Software reset state monitor <SWRMON> @ read

0

During software reset

1

(Default value)

—> Acknowledge mode selection

0

Not generate clock pulse for acknowledge signal

1

Generate clock pulse for acknowledge signal

Select.number of bits transferred

<ACK>="0" <ACK>="1"
$BC2:0> Number Data Number Data
of clock of clock
length length
pulses pulses
000 8 8 9 8
001 1 1 2 1
010 2 2 3 2
011 3 3 4 3
100 4 4 5 4
101 5 5 6 5
110 6 6 7 6
111 7 7 8 7

Note 1: Set the <BC2:0> t0“000” before switching to a clock-synchronous 8-bit SIO mode.

Note 2: For the frequency of the SCL line clock, see section 3.11.5, (3) “Serial clock”.

Note 3: After reset, default value of <SCKO0> is cleared to “0”. Also, default value of <SWRMON> is set to “1”.

Note 4: This I°C bus circuit does not support fast mode, it supports standard mode only. Although the I°C bus circuit

itself allows the setting of a baud rate over 100kbps, the compliance with the I°C specification is not

guraranteed in that case.

Figure 3.11.3 Register for I°C Bus Mode
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Serial Bus Interface Control Register 2

7 6 5 4 3 2 1 0

SBIOCR2 Bit symbol MST TRX BB PIN SBIM1 SBIMO SWRST1 | SWRSTO
(0243H) Read/Write W W (Note 1) W (Note 1)

Reset State 0 0 0 1 o | o o | o
A Function Master/ Transmitte | Start/stop | Cancel Serial bus interface Software reset control
read-modify slave r/receiver |condition [INTSBI operation mode write “10” and “01” in
-write selection |selection [generation |interrupt selection (Note 2) order, then an internal
operation request 00:Port mode resetsignal is
cannot be 01:SI10 mode generated.
performed. 10:°C bus mode

11:(Reserved)

m; bus-interface operating mode selection (Note 2)

00 | Port mode (Serial bus interface output disabled)
01 [ Clocked synchronous 8-bit SIO'mode

10-{1°C bus.mode

11/ |(Reserved)

L———— INTSBL interrupt request

0 | Don'’t care

1 | Cancel interrupt request

L Start/stop condition generation

0 | Generates the stop condition

1 | Generates the start condition

Transmitter/receiver selection

0| Receiver

1 | Transmitter

Master/slave selection
0 [Slave
1 | Master

Note 1: Reading this register function as SBIOSR register.
Note 2: Switch’a-mode to port-mode after confirming that the bus is free.
Switch’a mode between 1°C bus‘mode and’clock-synchronous 8-bit SIO mode after confirming that input

signals via port are high level.

Figure 3.11.4 Register for I°C Bus Mode
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Serial Bus Interface Status Register
7 6 5 4 3 2 1 0
SBIOSR Bit symbol MST TRX BB PIN AL AAS ADO LRB
(0243H) Read/Write R
Reset State 0 0 0 1 0 0 0 0
A Function Master/ [ Transmitter/|12C bus INTSBI Arbitration |Slave GENERAL | Last
read-modify slave receiver status interrupt | lost address CALL received bit
_write status status monitor request detection |match detection | monitor
) selection [selection monitor monitor detection |monitor 0:0
operation monitor monitor 0: - monitor 0:Undetected| 1: 1
cannot be 1: Detected |0:Undetected|1: Detected
performed. 1: Detected
—
|_> Last received bit monitor
0. | Last received bit was “0".
1. | Last received bit was-“1".
——> GENERAL CALL detection monitor
0 | Undetected
1 | GENERAL CALL detected
———> Slave address match:detection monitor
0 | Undetected
1 Slave address match or GENERAL
CALL detected
—> Arbitration lost-detection monitor
0 A
1 |Arbitration lost
—— > _INTSBI interrupt request monitor

0/ |Interrupt requested

1/ Interrupt canceled

I°C bus status monitor

0 |Free

1 [Busy

Transmitter/receiver status monitor

0 | Receiver

1 [ Transmitter

Note: Writing in this register functions as SBIOCR2.

Master/slave status monitor

0 |Slave

1 | Master

Figure 3.11.5 Register for I°C Bus Mode
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Serial Bus Interface Baud Rate Register 0

7 6 5 4 3 2 1 0
SBIOBRO Bit symbol — 12SBI0
(0244H) Read/Write W R/W
A . | Reset State 0 0
read-modify -
_write Function Always IDLE2
operation write “0”. 0: StOp
cannot be 1: Run
performed.
Operation‘during IDLE2 mode
0 | Stop
1-{Run
Serial Bus Interface Baud Rate Register 1
7 6 5 4 3 2 1 0
SBIOBR1 Bit symbol P4EN —
(0245H) Read/Write W W
A . | Reset State 0 0
read-modify -
-write Function Internal Always
operation clock write “0”.
cannot be 0: Stop
performed. 1: Run
Baud rate clock control
0. | Stop
1 [Run
Serial Bus-Interface Data Buffer Register
7 6 5 4 3 2 1 0
SBIODBR Bit symbol DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
(0241H) Read/Write R (Receiving)/W (Transmission)
A _ | Reset State Undefined
read-modify
-write
operation
cannot be
performed.
Note 1: When writing transmitted data, start from the MSB (Bit7). Receiving data is placed from LSB (Bit0).
Note 2: SBIODBR cannott be read the written data. Therefore a read-modify-write operation (e.g., “BIT” instruction)
cannot be performed.
I°C Bus Address Register
7 6 5 4 3 2 1 0
I2COAR Bit symbol SA6 SA5 SA4 SA3 SA2 SAL SA0 ALS
f242H) Read/Write w
read-modify | Reset State o/ o | o | o | o | o [ o 0
-write Function Address
operation ) o ) ) recognition
cannot be Slave address selection for when device is operating as slave device mode
performed. specification
Address recognition mode specification
0 [ Slave address recognition
1 | Non slave address recognition

Figure 3.11.6 Register for I°C Bus Mode
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3.11.5 Control in I°C Bus Mode

eY)

2

(3

Acknowledge mode specification

Set the SBIOCR1<ACK> to “1” for operation in the acknowledge mode. The
TMP91CU27/CP27/CK27 generates an additional clock pulse for an acknowledge
signal when operating in master mode. 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, the SDA pin is set to the low
in order to generate the acknowledge signal.

Clear the <ACK> to “0” for operation in the/ non-acknowledge mode, the
TMP91CU27/CP27/CK27 does not generate a clock pulse for the acknowledge signal
when operating in the master mode.

Number of transfer bits

The SBIOCR1<BC2:0> is used to select a number of bits for next transmission and
receiving data.

Since the <BC2:0> is cleared to “000”( as’a start condition; a, slave’ address and
direction bit transmission are executed in-8 bits. Other than these, the <BC2:0>
retains a specified value.

Serial clock
a. Clock source

The SBIOCR1<SCK2:0> is used to select'a /maximum transfer frequency
outputted on the SCL pin in master mode. Set.a communication baud rate that
meets the I2C bus specification, such asthe shortest pulse width of tLow, based on
the equations shown below.

V tHIGH 0 tLow 1/fscl

|

SBIOCR1<SCK2:0> n

tLow =2"fsg 000 5
thigH = 2" sl + 8lfsg 001 6
010 7

fscl = U(tLow + tHIGH) 011 8
L fsmi 100 9
2"+ 8 101 10

110 11

Note 1: fsg|.shows frpH.

Note 2: It's prohibit to use fc/16 prescaler clock (SYSCRO<PRCKZ1:0> = “10") when using SBI block.

(IZC bus and clocked synchronous)

Figure 3.11.7 Clock Source
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Internal SCL output

(Master A)

Internal SCL output

(Master B)

SCL line

Clock synchronization

In the I2C 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 TMP91CU27/CP27/CK27 has a clock synchronization function for normal

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
widtlh ofa cIocI|< pulse
r———Start couting-high-level width of a clock pulse

1

1
Reset a counter of: ?\
high-level width of | ,

a clock pulse ' /: /
)
1
!

a

VI

/!

1
b ¢

- —

Figure 3.11:8 Clock Synchronization

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 level. After detecting this situation, Master B
resets a counter of high-level width of an own clock pulse 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 level. Since master B holds the SCL
line of the bus at the low level; master A wait for counting high-level width of an
own clock pulse. After master B finishes counting low-level width of an own clock
pulse at point “c” and master A detects the SCL line of the bus at the high level,
and starts counting high-level of an own clock pulse. The clock pulse on the bus is
determined 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.

(4)-Slave address and address recognition mode specification

When the' TMP91CU27/CP27/CK27 is used as a slave device, set the slave address

<SA6:0> and <ALS> to the I2COAR. Clear the <ALS> to “0” for the address recognition
mode.

(5) Master/slave selection

Set the SBIOCR2<MST> to “1” for operating the TMP91CU27/CP27/CK27 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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(6) Transmitter/receiver selection

Set the SBIOCR2<TRX> to “1” for operating the TMP91CU27/CP27/CK27 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 the 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 “1”, and is
set to “1” by the hardware if it 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 stop condition on the bus is
detected or arbitration is lost.

(7) Start/stop condition generation

When the SBIOSR<BB> is “0”, slave address and direction bit”which are set to
SBIODBR are output on a bus after generating a start condition by writing “1” to the
SBIOCR2<MST, TRX, BB, PIN>. It is necessary to set transmitted data to the data
buffer register (SBIODBR) and set “1” to <ACK> beforehand.

__ I
SCL line : 1 2 3 4 5 6 7 8 9IN\____
' I
—— L '
SDAline \! /a6 X a5 X a1 X a3 X a2 X ar X a0 X riw/
1

! Acknowledge
!signal

Start condition Slave address and direction bit

Figure 3.11.9 Generation of Start Condition.and Slave Address

When the <BB>is “1”, a sequence of generating a stop condition is started by writing
“1"to the’<MST, TRX, PIN>, and “0” to the <BB>. Do not modify the contents of <MST,
TRX, BB, PIN> until a stop condition is generated on a bus.

Stop condition

Figure-3:11.10 Generation of Stop Condition

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 (Bus free status).

And about generation of stop condition in master mode, there are some limitation
points. Please refer to section 3.11.6, (4) “Stop condition generation”.
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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 a 1 word of data is transmitted or received. 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 released takes tLOW.

In the address recognition mode (KALS> = “0”), <PIN> is cleared to “0” when the
received slave address is the same as the value set at the I2C0AR or when a GENERAL
CALL is received (All 8-bit data are “0” after a start condition). Although SBIOCR2
<PIN> can be set to “1” by the program, the <PIN> is not clear it to “0” when it is
written “0”.

Serial bus interface operation mode selection

SBIOCR2<SBIM1:0> is used to specify/the serial bus interface operation mode. Set
SBIOCR2<SBIM1:0> to “10” when the device is to be/used 'in I2C-bus mode after
confirming pin condition of serial businterface to “H”.

Switch a mode to port after confirming a bus is free.

(10) Arbitration lost detection monitor

SCL (line)

Internal SDA output
(Master A)

Internal SDA output
(Master B)

SDA line

Since more than one master device can exist simultaneously on the bus in I2C bus
mode, a bus arbitration procedure has been implemented in order to guarantee the
integrity of transferred data.

Data on the SDA line is used for I2C bus arbitration.

The following shows an example of a'bus arbitration procedure when two master
devices exist simultaneously on the bus. Master A and master B output the same data
until point “a”. After master A outputs “I.” and' master B, “H”, the SDA line of the bus is
wire-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, datain master A. A data transmitted from master B becomes invalid. The state
in master B is called “ARBITRATION LOST”. Master B device that loses arbitration
releases the internal SDA output in order not to affect data transmitted from other
masters with arbitration. When more than one master sends the same data at the first
word, arbitration occurs continuously after the second word.

_\_/—\—/_I Internal SDA output becomes “1” after arbitration has
1

Figure 3.11.11 Arbitration Lost
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The TMP91CU27/CP27/CK27 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 “1”.

When SBIOSR<AL> is set to “1”, SBIOSR<MST, TRX> are cleared to “0” 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
Master | SCL output

Internal \ D7A XD6A \ DSA / D4A X D3A X D2A X D1A X DOA /. \D7AXD6A X D5A' X D4A’
SDA output
. outpu |—> Stop the clock pulse

1 2 3 4

(" Internal
Master | SCL output

Internal
\ D7B XD6B / ; i9h- ; et
L SDA output Keep internal SDA output to high-level as losing arbitration

<AL> |/

<MST> R\ Q
/ \
/
[

<TRX> |

Accessed to
SBIODBR or SBIOCR2

Figure 3.11.12 Example of When TMP91CU27/CP27/CK27 is a Master Device B
(D7A=D7B, D6A = D6B)

(11) Slave’address match detection monitor

SBIOSR<AAS> is set to “12.in slave 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 I2COAR. When I2COAR<ALS> = “1”, SBIOSR<AAS> is set to
“1” after the first word of data has been received. SBIOSR<AAS> is cleared to “0” when
datais written to or read from the data buffer register SBIODBR.

(12) General call detection monitor
SBIOSR<ADO> is set to “1” 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 condition is detected on the bus.

(18) 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 mode, immediately after an INTSBI interrupt

request is generated, an acknowledge signal is read by reading the contents of the
SBIOSR<LRB>.
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(14) Software reset function

The software reset function is used to initialize the SBI circuit, when SBI is rocked
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 command (except
SBIOCR2<SBIM1:0>) registers and status registers are initialized as well.

SBIOCR1<SWRMON> is automatically set to “1” after the SBI circuit has been
initialized.

(15) Serial bus interface data buffer register (SBIODBR)

The received data can to read and transmission-data can to write by reading or
writing SBIODBR.

In the master mode, after the start condition/is generated the slave address and the
direction bit are set in this register.

(16) I2C bus address register (I2COAR)

I2C0AR<SAG6:0> is used to set the slave address when the TMP91CU27/CP27/CK27
functions as a slave device.

The slave address outputted from the master device is recognized by setting the
I2COAR<ALS> to “0”. The data format is the addressing format. When the slave
address is not recognized at the <ALS> = “1”, the data format is the free data format.

(17) Baud rate register (SBIOBR1)
Write “1” to SBIOBR1<P4EN> before operation commences.

(18) Setting register for IDLE2 mode operation (SBIOBRO)

SBIOBRO<I2SBI0> is the register setting operation/stop during IDLE2 mode.
Therefore, setting <I2SBI0> is necessary before the HALT instruction is executed.
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3.11.6 Data Transfer In I°C Bus Mode

(1) Device initialization
Set the SBIODBR1<P4EN>, SBIOCR1<ACK, SCK2:0>, set SBIOBR1 to “1” and clear
bits 7 to 5 and 3 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 receiver mode, clear “0” to the <MST,
TRX, BB> and set “1” to the <PIN>, “10” to the <SBIM1:0>.

(2) Start condition and slave address generation
a. Master mode

In the master mode, the start condition and the slave address are generated as
follows.

Check a bus free status (when <BB> =%07).

Set the SBIOCR1<ACK> to “1” (Acknowledge mode) and specify a slave address
and a direction bit to be transmitted to/the SBIODBR.

When SBIOCR2<BB> = “0”, the start condition are generated by writing “1111”
to SBIOCR2<MST, TRX, BB; PIN>. Subsequently to the start condition, nine
clocks are output from the SCL pin. While eight clocks jare output, the slave
address and the direction bit which are set to the SBIODBR. At the 9th clock, the
SDA line is released and the acknowledge signal is received from the slave device.

An INTSBI interrupt request occurs at the falling edge of the 9th clock. The
<PIN> is cleared to “0”. In the master mode, the SCL pin is pulled down to the low
level while <PIN> is “0”) When an interrupt request occurs, the <TRX> is changed
according to the direction bit only when an acknowledge signal is returned from
the slave device.

b. Slave mode

In the slave mode, the start condition and the slave address are received.

After the start condition iis received from the master device, while eight clocks
are /output-from the SCL pin, the slave address and the direction bit that are
output from the master device are received.

When a GENERAL CALL or the same address as the slave address set in
I2CO0AR is received, the SDA line is pulled down to the low level at the 9th clock,
and the acknowledge signal is output.

An INTSBI interrupt request generate 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”.

SCL line | 1 2 3 4 5 6 7 8 9
1

SDA line T\ ' /a6 X a5 X a2 X a3 X a2 X At X A0 X riw X ACK /
:h_&___: N ) __\:Acknowledge

) Y )
Start condtion Slave address + Direction bit signal from a
slave device

<PIN>

INTSBI Cl |
interrupt request

Output of master

- = = = Output of slave

Figure 3.11.13 Start Condition and Slave Address Generation
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(3) 1-word data transfer

Check the <MST> by the INTSBI interrupt process after the 1-word data transfer is
completed, and determine whether the mode is a master or slave.

a. 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> i1s “1”, a receiver does not request data.
Implement the process to generate a stop condition (Refer to 3.11.6 (4)) and

terminate data transfer.

When the <LRB> is “0”, the receiver 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 bits, set the <BC2:0> <ACK> and write the
transmitted data to SBIODBR. After written the data, <PIN>becomes “1”, a serial
clock pulse is generated for transferring anew 1 word of data from'the SCL pin,
and then the 1-word data is transmitted. After the data is transmitted, an INTSBI
interrupt request generates. 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 above.

— Write to SBIODBR

SCL pin 1 2 3 4 5 6 7 8 9
SDA pin D7 X D6 X D5 X b4 X D3 X D2 X DL X DO A ACK ,
- _K'Acknowledge signal
from a receiver
<PIN> I

(

INTSBI |_|
interrupt request

Output of master
= === Outputof slave

Figure 3.11.14 Example in Which <BC2:0> = “000" and <ACK> = “1" (Transmitter mode)
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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 read
immediately after a slave address is sent is undefined). After the 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 INTSBI interrupt request then generates and the <PIN> becomes “0”, Then
the TMP91CU27/CP27/CK27 pulls down the SCL pin to the low level. The
TMP91CU27/CP27/CK27 outputs a clock pulse for 1-word of data transfer and the
acknowledge signal each time that received data is read from the SBIODBR.

Read receiving data

SCL line
it VRt ViRt ¥ il W sl llnlie Wil e W sl S e W sl ot -
SDAline  ___ __ | D7 W D6 A D5 W D4 A D3 A D2 A DI a_ DO N_evl/ D7
Acknowledge signal
<PIN> I (l to a transmitter
INTSBI |'|

interrupt request

Output of master
= = = = Output of slave

Figure 3.11.15 Example of When <BC2:0> = “000” and <ACK> =*“1"(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 clock 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 TMP91CU27/CP27/CK27 generates a clock pulse for a 1-bit
data transfer. Since the master device is-a receiver, the SDA line on the bus remains
high. The transmitter receives 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 TMP91CU27/CP27/CK27 generates a stop condition (See Section 3.11.6 (4)) and
terminates data transfer.

SCL 9 1 2 3 4 5 6 7 8 1
-------- AV ekl Vol Rl W R Wl Y i Vol ol Vel okl aliat il e
SDA—— =~ _____ D7_ A D6 A DS_A_D4_a_D3_a_D2 a_Dl_ a_ DO_. R— Acknowledge signal
“H” to transmitter
<PIN> | I |_| L
(" (i (
1 1
INTSBI | [

interrupt request
After set “001” to
<BC2:0>, reading
receiving data.

T—Al‘ter clear <ACK> to “0”, reading receiving data.

Output of master
- — — - Output of slave

Figure 3.11.16 Termination of Data Transfer (Master receiver mode)
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b. If <MST> = “0” (Slave mode)

In the slave mode the TMP91CU27/CP27/CK27 operates either in normal slave
mode or in slave mode after losing arbitration.

In the slave mode, an INTSBI interrupt request occurs when the
TMP91CU27/CP27/CK27 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
TMP91CU27/CP27/CK27 operates in a slave mode if (it losing arbitration. An
INTSBI interrupt request generate when a word data transfer terminates after
losing arbitration. When an INTSBI interrupt request generate 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 tL,OW time.

Check the SBIOSR<AL>, <TRX>, <AAS>;, and <ADO0O>/and implements
processes according to conditions listed in the next table.

Table 3.11.1 Operation in the Slave'Mode

<TRX>| <AL> |<AAS> | <ADO> Conditions Process
1 1 1 0 The TMP91CU27/CP27/CK27 loses Set the(number of bits of single word to
arbitration when transmitting-a slave <BC2:0>,-and write the transmit data to

address, and receives-a slave address | SBIODBR
for which the value of the direction bit
sent from another master is “1".

0 1 0 In slavereceiver mode, the
TMP91CU27/CP27/CK27 receives a
slave address for which the value of the
direction bit sent from the master is “1".
0 0 In slave-transmitter mode, transmission. [ Check the <LRB> setting. If <LRB> is
of/data of single word is terminated. set to “1”, set <PIN> to “1” since the
receiver win no request the data which
follows. Then, clear <TRX> to “0” to
release the bus. If <LRB> is cleared to
“0” of and write the transmitted data to
SBIODBR since the receiver requests

next data.
0 1 1 1/0 The TMP91CU27/CRP27/CK27 loses Read the SBIODBR for setting the <PIN>
arbitration when transmitting a slave to “1” (reading dummy data) or set the

address, and receives a slave address | <PIN> to “1".
or GENERAL CALL for which the value
of the direction bit sent from another
master is “0".

0 0 The TMP91CU27/CP27/CK27 loses
arbitration when transmitting a slave
address or data, and terminates word
data transfer.

0 1 1/0 In slave receiver mode the
TMP91CU27/CP27/CK27 receives a
slave address or GENERAL CALL for
which the value of the direction bit sent
from the master is “0”.

0 1/0 In slave receiver mode the Set <BC2:0> to the number of bits in a
TMP91CU27/CP27/CK27 terminates word and read the received data from
receiving word data. SBIODBR.
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(4) Stop condition generation
When SBIOSR<BB> = “1”, the sequence for generating a stop condition can be
initiated 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 TMP91CU27/CP27/CK27 generates a stop condition when the other device
has released the SCL line and SDA pin rising.

When SBIOCR2<MST, TRX, PIN> are written “1” and <BB> is written “0” (Generate
stop condition in master mode), <BB> changes to “0” by internal SCL changes to “1”,
without waiting stop condition. To check whether SCL and SDA pin are “1” by sensing
their ports is needed to detect bus free condition.

uln RN <MST>

“1" — <TRX>

“0" > <BB> Stop condition
“1" - <PIN>

Internal SCL

SDA pin

<PIN>

<BB> (read)

Figure 3.11.17 Stop Condition Generation (Single master)

“1" — <MST>

é : :E?ﬁ — Stop condition

“1” - <PIN>

Internal SCL / j

The case of pulled low r-——--
by another device /
____________ »

SCL pin

L A )

<PIN> J“ /

<BB> (Read)

oA
| 1
1 1
T

J

Figure 3.11.18 Stop Condition Generation (Multi master)
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(5) Restart

SCL (Bus) / \ | |

SCL pin

_ \ ')

<LRB>

<BB>

<PIN>

Restart i1s used during data transfer between a master device and a slave device to
change the data transfer direction.

The following description explains how to restart when the TMP91CU27/CP27/CK27
1s 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 bus-free state by SBIOSR
<BB> = “0” or signal level “1” of SCL pin in port.mode. Check the <LRB> until it
becomes “1” to check that the SCL line on a bus is not pulled down to the low level by
other devices. After confirming that the bus remains in\a free state, generate a start
condition using the procedure described in 3.11.6(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
until the time to generate the start condition:

“0" - <MST> “1"— <MST>
“0" > <TRX> “1""— <TRX>
“0” — <BB> “1" — <BB>
“1" > <pPIN> “1" — <PIN>
[« 4.7ups (Min) Start condition

//

\
[ ]

]

Figure 3:11.19 Timing Chart for Generate Restart
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3.11.7 Clocked Synchronous 8-Bit SIO Mode Control

The following registers are used to control and monitor the operation status when the
serial bus interface (SBI) is being operated in clocked synchronous 8-bit SIO mode.

Serial Bus Interface Control Register 1

7 6 5 4 3 2 1 0
SBIOCR1 |Bit symbol SIOS SIOINH SIOM1 SIOMO SCK2 SCK1 SCKO
(0240H) Read/Write W W
Reset State 0 0 o | o o |0 | 0
A Eunction Transfer | Continue/ | Transfer mode selection Selection of serial clock frequency
read-modify start/stop | abort 00:Transmission mode
write 0: Stop transfer 01:(Reserved)
. 1: Start 0:Continue [10:Transmission/
operation transfer receiving mode
cannot be 1:Abort 11:Receiving mode
performed. transfer
Serial clock selection’ <SCK2:0>
000| n<=4 1.7 MH
001 1-n=5 18438 kHz| [Systemclock: fc
010 n=6 421.9 kHz Clock gear:'fc/l
011~ n=7 | 210.9 kHzp /| fc=27 MHz
100 n=8 105.5 kHz|-_| (Output to SCK pin)
101]. n=9 | 52.7kHz| \frequency =_2°,_ [Hz]
110| n=10 26.4 kHz (Input from SCK Pin)
111 _ External clock
Transfer mode selection
L
00 [8-bit-transmission mode
01 [(Reserved)
10 |8-bit transmission/receiving mode
11 |8-bit receiving mode
Continue/Abort transfer
0._|Continue transfer
1 [Abort transfer (Automatically cleared after transfer
aborted)
Transfer start/stop
0 |Stopped
1 |Started
Note: Setthe tranfer mode and the serial clock-after setting <SIOS> to “0” and <SIOINH> to “1".
Serial Bus Interface Data Buffer Register
7 6 5 4 3 2 1 0
SBIODBR | Bit symbol DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
(0241H) Read/Write R (Receiver)/W (Transfer)
A Reset State Undefined
read-modify
-write
operation
cannot be
performed.

Figure 3.11.20 Register for SIO Mode
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Serial Bus Interface Control Register 2
6 5 4 3 2 1 0
SBIOCR2 Bit symbol SBIM1 SBIMO - -
(0243H) Read/Write W
Reset State 0 | 0 0 0
Function Serial bus interface
operation mode
selection
00: Port mode Always write “0”.
01: SIO mode
10: I°C bus mode
11: (Reserved)
Serial bus interface operation mode selection
00 [ Port mode (serial bus interface output disabled)
01 [ Clocked-synchronous 8-bit SIO/mode
10 | I°C bus mode
11 |(Reserved)
Note 1: Set the SBIOCR1<BC2:0> to “000” before switching to a clocked-synchronous 8-bit'SIO mode.
Note 2: Please always write “00” to SBICR2<1:0>.
Serial Bus Interface Status Register
6 5 4 3 2 1 0
SBIOSR Bit symbol SIOF SEF
(0243H) Read/Write R
Reset State 0 0
Function Serial Shift
transfer operation
operation | status
status monitor
monitor
Shift operation status monitor
0 | Shift operation terminated
1 [ Shift operation in progress
Serial transfer operating status monitor
0 [Transfer terminated
1 |[Transferin progress
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Serial Bus Interface Baud Rate Register 0

7 6 5 4 3 2 1 0

SBIOBRO Bit symbol — 12SBI0

(0244H) Read/Write W RIW

A . ] Reset State 0 0

read-modify "=~ T [ Aways | IDLE2

-write write “0”. | 0: Stop

operation 1: Operate

cannot be

performed.

I
Operation in IDLE2 mode
0 | Stop
1 /| Operate
Serial Bus Interface Baud Rate Register-1
7 6 5 4 3 2 1 0
SBIOBR1 Bit symbol P4EN —
(0245H) Read/Write W W
A . Reset State 0 0
read-modify -
write Function Internal Always
operation clock write “0”.
cannot be 0: Stop
performed. 1: Operate
Baud rate clock control
0 [Stop
1 |Operate

Figure 3.11.21 Register for SIO Mode
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(1) Serial clock
a. Clock source
SBIOCR1<SCK2:0> is used to select the following functions:
Internal clock

In internal clock mode one of seven frequencies can be selected. The serial clock
signal is output to the outside on the SCK pin.

When the device is writing (in transmit mode) or reading (in receive mode), data
cannot follow the serial clock rate, so an automatic wait function is executed
which automatically stops the serial clock and holds the next shift operation until
reading or writing has been completed.

Automatic wait
fe—

SCK pin output L [T [z 3 1.[7] ] 11 2771 [e] [7] 8V 21 [2] [3
Somnam N\ e XEE B(EXE_TXENE X EXE @@

Writing
h .
drgtr;smlssmn :X 3 X 5 X S

Figure 3.11.22 Automatic Wait Function

External clock (<SCK2:0> =4111”)

An external clock input via the SCK/'pin is used as the serial clock. In order to
ensure the integrity of shift operations, both the high and low-level serial clock

pulse widths shown below must be maintained. The maximum data transfer
frequency is 1.7 MHz (when fc = 27 MHz).

scxpn ISRl

e

tscKLtsckH

tSCKL, tsckH > 8ife

Figure.3:11.23 Maximum Data Transfer Frequency When External Clock Input Used
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b. Shift edge
Data is transmitted on the leading edge of the clock and received on the trailing
edge.
Leading edge shift

Data is shifted on the leading edge of the serial clock (on the falling edge of the SCK
pin input/output).

Trailing edge shift

Data is shifted on the trailing edge of the serial clock (on/the rising edge of the SCK
pin input/output).

SCK pin '|||||||||||||||

SO pin \_Bito X _Bit1 X _Bit2 X _Bit3 X Bit4 X Bits X Bit6 X Bit7
I
I

Shift register X76543210) *7654321 X **765432  #** 76543 <7654 X 05765 Y wacwcxgg X wensy

(a) Data is transmit at the falling edge of the clock.

SCK pin ||||||||||||||||

1
Sl pin \ Bito X Bitt- X Bit2 X Bit3 X Bit4 X Bit5 X Bit6 X Bit7
I

Shift register Xo X0 X210+ X 3210+4% 43210+ ¥ 543210X 6543210~ 76543210

(b) Data is transmit at the rising edge of the clock.

*. Don’t-care

Figure 3.11.24 /Shift Edge
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(2) Transfer modes

The SBIOCR1<SIOM1:0> is used to select a transmit, receive or transmit/receive
mode.

a. 8-bit transmit mode

Set a control register to a transmit mode and write transmit data to the
SBIODBR.

After the transmit data is written, set the SBIOCR1<SIOS> to “1” to start data
transfer. The transmitted data is transferred from SBIODBR to the shift register
and output to the SO pin in synchronized with the serial clock, starting from the
least significant bit (LSB). When the transmission data is transferred to the shift
register, the SBIODBR becomes empty. An INTSBI (Buffer empty) interrupt
request is generated to request new data.

When the internal clock is used, the serial clock will stop and-automatic-wait
function will be initiated if new data is not loaded to the data buffer register after
the specified 8-bit data is transmitted. When new transmit-data is written,
automatic-wait function is canceled.

When the external clock is used, data should be written to SBIODBR before new
data is shifted. The transfer speed is determined by the maximum delay time
between the time when an interrupt request is generated and the time when data
is written to SBIODBR by the interrupt service program:

When the transmit is started, after the SBIOSR<SIOF> goes “1” output from the
SO pin holds final bit.of the last data until falling edge of the SCK.

Transmitting data is ended by clearing the <SIOS> to “0” by the buffer empty
interrupt service program or setting the <SIOINH> to “1”. When the <SIOS> is
cleared, the transmitted mode ends when all data is output. In order to confirm if
data is surely transmitted by the program, set the <SIOF> (Bit3 of SBIOSR) to be
sensed. The SBIOSR<SIOF> is cleared to “0” when transmitting is complete.

When/ the <SIOINH> is set to-“1”, transmitting data stops. SBIOSR<SIOF>
turns 0.

When an external clock is used, it is also necessary to clear SBIOCR1<SIOS> to
“0” before new data 1s-shifted;” otherwise, dummy data is transmitted and
operation ends.
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Clear <SIOS>

<SI0S>

<SIOF>

<SEF>

SCK pin (Output)

SO pin

INTSBI

interrupt request

SBIODBR

Writing Transmission data

(a) Internal clock

Clear <SIOS>

<SIOS>

<SIOF>

<SEF>

SCK pin (Input)

SO pin

INTSBI

interrupt request

SBIODBR

XX

I

Writing Transmission data

(b) External-clock

Figure 3.11.25 Transmission Mode

Example: Program to stop data transmission (when an external clock is used)

STEST1

STEST2

SCK pin

<SIOF>

SO pin

BIT
JR
BIT
JR
LD

2, (SBIOSR)

Nz, STEST1

0, (P6)

Z, STEST2

(SBIOCR1), 000001118

]

; If <SEF>="1" then loop

; If SCK = “0” then loop

; <SIOS> <0

Bit6

X

Bit7

P
tsopH = 3.5/fepH [s] (Min)

Figure 3.11.26 Transmission Data Hold Time at End Transmit
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8-bit receive mode

Set the control register to receive mode and set SBIOCR1<SIOS> to “1” for
switching to receive mode. Data is received into the shift register via the SI pin
and synchronized with the serial clock, starting from the least significant bit
(LSB). When 8-bit data is received, the data is transferred from the shift register
to SBIODBR. An INTSBI (Buffer full) interrupt request is generated to request
that the received data be read. The data is then read from SBIODBR by the
interrupt service program.

When an internal clock is used, the serial clock will stop and the automatic wait
function will be in effect until the received data hasbeen read from SBIODBR.

When an external clock is used, since shiftoperation is synchronized with an
external clock pulse, the received data should be read from SBIODBR before the
next serial clock pulse is input. If the received data is not read, any further data
which is to be received is canceled. The maximum transfer speed when an
external clock is used is determined by the delay time between the time when an
interrupt request is generated and thetime when the received data-is read.

Receiving of data ends when <SIOS>.s cleared to “0” by the buffer full interrupt
service program or when <SIOINH> is set to “1”. If <SIOS> is/cleared to “0”,
received data is transferred to SBIODBR in complete blocks. The received mode
ends when the transfer is complete. In order to confirm) whether data is being
received properly by the program; set SBIOSR<SIOF> to be sensed. <SIOF> is
cleared to “0” when receiving-has been completed. When it is confirmed that
receiving has been completed, the last datais read. When <SIOINH> is set to “1”,
data receiving stops. <SIOF> is cleared to “0” (The received data becomes invalid,
therefore no need to read it).

Note: When the transfer mode/is changed, the contents of SBIODBR will be lost. If the mode must be changed,

<SIOS>

<SIOF>

<SEF>

SCK pin (Output)

Sl pin

INTSBI

interrupt request

SBIODBR

conclude data receiving by-clearing <SIOS> to “07, read.the last data, then change the mode.

———  Clear<SIOS> ——

Reading receiving data Reading receiving data

Figure 3.11.27 Receiving Mode (when an internal clock is used)
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Note: When

8-bit transmit/receive mode

Set a control register to a transmit/receive mode and write data to SBIODBR.
After the data has been written, set SBIOCR1<SIOS> to “1” to start
transmitting/receiving. When data is transmitted, the data is output via the SO
pin, starting from the least significant bit (LSB) and synchronized with the
leading edge of the serial clock signal. When data is received, the data is input via
the SI pin on the trailing edge of the serial clock signal. 8-bit data is transferred
from the shift register to SBIODBR and an INTSBI interrupt request is generated.
The interrupt service program reads the received data from the data buffer
register and writes the data that is to be transmitted. SBIODBR is used for both
transmitting and receiving. Transmitted data should always be written after
received data has been read.

When an internal clock is used, the automatic wait function will be in effect
until the received data has been read and the next data has been written.
When an external clock is used, since the shift operation is synchronized with the
external clock, received data is read and transmitted data is written before a new
shift operation is executed. The maximum transfer speed when an external clock
is used is determined by the delay time between the time ‘when an interrupt
request is generated and the time at which received data is read and transmitted
data is written.

When transmission is started, after the SBIOSR<SIOF> goes “1” output from
the SO pin holds final bit of the last data until falling edge of the SCK.

Transmitting/receiving data ends when <SIOS>is cleared to “0” by the INTSBI
interrupt service program or when SBIOCR1<SIOINH> is set to “1”. When
<SIOS> is cleared/to “0”, received data is transferred to SBIODBR in complete
blocks. The transmit/receive mode ends when the transfer is complete. In order to
confirm whether data is being transmitted/received properly by the program, set
SBIOSR<SIOF> to be sensed. <STOF>is set to “0” when transmitting/receiving
has been completed. When <SIOINH>is set to “1”, data transmitting/receiving
stops. SBIOSR<SIOF> is then cleared to “0”.

the_transfer mode is changed,.the contents-of SBIODBR will be lost. If the mode must be changed,

conclude data transmitting/receiving-by clearing <SIOS> to “0”, read the last data, then change the transfer

mode.
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—— Clear<sios> ——j

<SIOS> : |

<SIOF>

<SEF>

SCK pin (Output)
SO pin

St pin CeoX e X ez X ea X ca X es Xes X ez [ XdoXdi X d2 X da X da X ds X de X 07

INTSBI M N

interrupt request

SBIODBR X a X ¢ >< b Xd
1 )

Write transmission data (a) Read receiving data (¢)  Write transmission data (b)  Read receiving data (d)

Figure 3.11.28 Transmission/Receiving Mode (when an internal-clock is used)

SCK pin |

<SIOF>

SO pin Bit6 X Bit7 in last transmission word :/
! 1
R

1 1
tsopH =4/frpr/[s] (Min)

Figure 3.11.29 Transmission Data Hold Time at End of Transmission/Receiving

(Transmission/receiving mode)
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3.12 Analog/Digital Converter

The TMP91CU27/CP27/CK27 incorporate a 10-bit successive approximation-type

analog/digital converter (AD converter) with 4-channel analog input.
Figure 3.12.11s a block diagram of the AD converter. The 4-channel analog input pins (ANO to

ANS3) are shared with the input-only port 5 and can thus be used as an input port.

Note: When IDLE2, IDLE1 or STOP mode is selected, in order to reduce power consumption, the system may enter
a stand-by mode with some timings even though the internal comparator is still. enabled. Therefore be sure to

check that AD converter operations are halted before a HALT instruction is-executed.

S Internal data bus ﬁ A S
N/

AD mode control register 0 ADMODO

AD mode control register 1 ADMOD]]
<ADTRGE>

<ADCH2:0> <VREFON>|

<EOCF><ADBF><ITM0O><REPEAT><SCAN><ADS>

Scan
Channel Repeat
selection Interrupt
control circuit Busy ADTRG
Start
End
AD converter control Interrupt
—>
Analog input circuit request
INTAD
AN3/ADTRG (P53)|:|_)
AN2 (P52) 5
AN1 (P51)|:| § AD converswn result
ANO (p50)|:| ) Sample and register
E= hold * ADREGO0A4L to ADREG37L
= ADREGO04H to ADREG37H
Comparator
AVEC D O/C DA converter <
Avss{ ]

Figure 3.12.1 Block Diagram of AD Converter
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3.12.1 Control Register

ADMODO
(02BOH)

The AD converter is controlled by the two AD mode control registers: ADMODO and
ADMOD1. The AD conversion results are stored in 8 kinds of AD conversion data upper
and lower registers: ADREG04H/L, ADREG15H/L, ADREG26H/L and ADREG37H/L.

Figure 3.12.2 to Figure 3.12.5 shows the registers related to the AD converter.

AD Mode Control Register 0

7 6 5 4 3 2 1 0
Bit symbol EOCF ADBF - - ITMO REPEAT SCAN ADS
Read/Write R R/W
Reset State 0 0 0 0 0 0 0 0
Function AD ) AD ] Always Always Interrupt Repeat mode | Scan mode |AD
CONVErsion | CONVErSION |, jie «gn, write “0”". specification | specification |specification |conversion
end flag busy flag
. ) in conversion | 0: Single 0: Conversion| start
0:Conversion [0: Conversion
. channel fixed.|" conversion channel 0: Don't care
in progress | stopped :
. ) repeat mode |1: Repeat fixed mode |1: Start
1: Conversion| 1: Conversion 0 E ) ) )
) et conversion/ [ 1:Conversion | conversion
complete in progress conversion
mode channel
1:-Every
Eourth scan/mode |Always “0”
conversion When read.
L . AD conversion start
0-|-Don't care
1 | Start AD conversion
Note: Always read as “0".
L———— AD scan mode setting
0 | AD_conversion channel fixed mode
1 [AD conversion channel scan mode
—_—

AD repeat mode setting

0~ | AD single conversion mode

1 | AD repeat conversion mode

repeat conversion mode

——————> Specify AD conversion interrupt for cannel fixed

Channel fixed repeat conversion mode
<SCAN> ="“0", <REPEAT> ="“1"

Generates interrupt every conversion.

Generates interrupt every fourth conversion.

AD conversion busy flag

AD conversion stopped

1 [AD conversion in progress

Figure 3.12.2 Register for AD Converter

AD conversion end flag

Before or during AD conversion

1 | AD conversion complete
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AD Mode Control Register 1
7 6 5 4 3 2 1 0
ADMOD1 |Bit symbol VREFON I12AD ADTRGE | ADCH2 ADCH1 ADCHO
(02B1H) Read/Write R/W R/IW RIW
Reset State 0 0 0 o | o | o
Function VREF IDLE2 AD Analog.input channel selection
application | 0: Stop external
control 1: Operate trigger
0: OFF start
1: ON control
0: Disable
1: Enable

Analog input channel selection

9

<SCAN> 0 1
(Channel) (Channel)
<ADCH2:0> fixed scanned
000 ANO ANO
001 AN1 ANO —» AN1
010 AN2 ANO— AN1 —AN2
011(Note) AN3 ANO —»>"AN1 — AN2 — AN3
100
101 Don't select.
110
111

AD-conversion start control by external trigger

(ADTRG.input)

0 | Disabled

1 |Enabled

IDLE?2 control

0 | Stopped

1 |In operation

Control of application of reference voltage to
AD converter

0 |OFF

1 [ON

Before starting conversion (Before writing “1” to
ADMODO0<ADS>), set the <VREFON> bit to

“1n.

Note:. As pin AN3 also functions-as the ADTRG input pin, do not set <ADCH2:0> = “011” when using ADTRG with

<ADTRGE>="1".

Figure 3.12.3 Register for AD Converter
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AD Conversion Data Lower Register 0/4

7 6 5 4 3 2 1 0
ADREGO04L | Bit symbol ADRO1 ADROO ADRORF
(02A0H) Read/Write R R
Reset State Undefined 0
Function Stores lower 2 bits of AD
AD conversion result conversion
data storage
flag

1:Conversion
result
stored

AD Conversion Data Upper Register 0/4

7 6 5 4 3 2 1 0
ADREGO04H | Bit symbol ADRO09 ADRO8 ADRO7 ADRO06 ADRO5 ADRO4 ADRO3 ADRO02
(02A1H) Read/Write R
Reset State Undefined
Function Stores upper 8 bits AD ‘conversion result:

AD Conversion Data Lower Register 1/5

7 6 5 4 3 2 1 0
ADREGI15L | Bit symbol ADR11 ADR10 ADRI1RF
(02A2H) Read/Write R R
Reset State Undefined 0
Function Stores lower 2 bits of AD

conversion

result flag

1:Conversion
result
stored

AD conversion result

AD Conversion Data Upper-Register 1/5

7 6 5 4 3 2 1 0
ADREG15H | Bit symbol ADR19 ADR18 ADR17 ADR16 ADR15 ADR14 ADR13 ADR12
(02A3H) Read/Write R
Reset State Undefined
Function Stores.upper 8 bits of AD conversion result.

Channel x
Conversion result

ADREGxH l l ADREGXxL
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

e

e Bits5to 1 are always read as “1".

e BitO is the AD conversion data storage flag <ADRxRF>. When the
AD conversion result is stored, the flag is set to “1". When either of

the registers (ADREGxH, ADREGxXL) is read, the flag is cleared to

‘0.

Figure 3.12.4 Register for AD Converter
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AD Conversion Result Lower Register 2/6

7 6 5 4 3 2 1 0
ADREG26L | Bit symbol ADR21 ADR20 ADR2RF
(02A4H) Read/Write R R
Reset State Undefined 0
Function Stores lower 2 bits of AD

conversion
data storage
flag
1:Conversion
result
stored

AD conversion result.

AD Conversion Data Upper Register 2/6

7 6 5 4 3 2 1 0
ADREG26H | Bit symbol ADR29 ADR28 ADR27 ADR26 ADR25 ADR24 ADR23 ADR22
(02A5H) Read/Write R
Reset State Undefined
Function Stores upper 8 bits of AD.conversion result:

AD Conversion Data Lower Register 3/7

7 6 5 4 3 2 1 0
ADREG37L |Bit symbol ADR31 ADR30 ADR3RF
(02A6H) Read/Write R R
Reset State Undefined 0
Function Stores lower 2 bits of AD

conversion
data storage
flag
1:Conversion
result
stored

Ad conversion result.

AD Conversion Result Upper Register 3/7

7 6 5 4 3 2 1 0
ADREGS37H | Bit symbol ADR39 ADR38 ADR37 ADR36 ADR35 ADR34 ADR33 ADR32
(02A7H) Read/Write R
Reset State Undefined
Function Stores-upper 8 bits of AD conversion result.

Channel x
Conversion result

ADREGxH l l ADREGXxL
7.6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

X

~

e Bits 510 1 are always read as “1".

e BitO is the AD conversion data storage flag <ADRXRF>. When the
AD conversion result is stored, the flag is set to “1”. When either of
the registers (ADREGxH, ADREGXL) is read, the flag is cleared to
“0".

Figure 3.12.5 Register for AD Converter

91CU27-201 2008-01-24



TOSHIBA TMP91CU27/CP27/CK27

3.12.2 Operation

(1) Analog reference voltage

A high-level analog reference voltage is applied to the AVCC pin; a low-level analog
reference voltage is applied to the AVSS pin. To perform AD conversion, the reference
voltage as the difference between AVCC and AVSS, is divided by 1024 using string
resistance. The result of the division is then compared with the analog input voltage.

To turn off the switch between AVCC and AVSS, write “0” to ADMOD1<VREFON> in
AD mode control register 1. To start AD conversion in the OFF state, first write “1” to
ADMOD1<VREFON>, wait 3 us until the internal reference voltage stabilizes (this is
not related to fc), then set ADMODO< ADS> to “1™

(2) Analog input channel selection

The analog input channel selection varies depending on the operation-mode of the
AD converter.
e In analog input channel fixed mode (ADMODO<SCAN> = “0”)
Setting ADMOD1<ADCHZ2:0> selects one of the analog input pins ANO to AN3 as
the input channel.
e In analog input channel scan mode (ADMODO<SCAN> =“17)
Setting ADMOD1<ADCH2:0> selects one of the 4 scan modes.

Table 3.12.1 Illustrates analoeg input channel selection in/each operation mode.

After Reset, ADMODO<SCAN> = “0” and ADMOD1<ADCH2:0> = “000”. Thus pin
ANO is selected as the fixed input channel. Pins not used as analog input channels can
be used as standard input port pins.

Table 3.12.1 Analog InputChannel Selection

Channel Fixed Channel Scan
<ADCH2:0> wy wqn

<SCAN>="0 <SCAN>="1
000 ANO ANO
001 AN1 ANO — AN1
010 AN2 ANO — AN1 — AN2
011 AN3 ANO — AN1 — AN2 — AN3
100
101

Don't select.

110
111
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(3

(4)

Starting AD conversion

To start AD conversion, write “1” to ADMODO<ADS> in AD mode control register 0,
or ADMOD1<ADTRGE> in AD mode control register 1 and input falling edge on
ADTRG pin. When AD conversion starts, the AD conversion busy flag

ADMODO<ADBF> will be set to “1”, indicating that AD conversion is in progress.

Writing “1” to ADMODO0<ADS> during AD conversion restarts conversion. At that
time, to determine whether the AD conversion results have been preserved, check the
value of the conversion data storage flag ADREGxL<ADRxRF>.

During AD conversion, a falling edge input on the ADTRG- pin will be ignored.

AD conversion modes and the AD conversion end interrupt
The 4 AD conversion modes are:

¢ Channel fixed single conversion mode

e Channel scan single conversion mode

¢ Channel fixed repeat conversion mode

¢ Channel scan repeat conversion mode

The ADMODO<REPEAT> and ADMODO<SCAN> settings in AD mode control
register O determine the AD mode setting.

Completion of AD conversion triggers an AD conversion end interrupt request
INTAD. Also, ADMODO<EOCE> will be set-to “1” to-indicate that AD conversion has
been completed.

Channel fixed single conversion mode

Setting ADMODO<REPEAT> and ADMODO0<SCAN> to “00” selects channel fixed
single conversion mode.

In this mode, data on one specified channel is converted once only. When the
conversion. has been completed, the "ADMODO<EOCF> flag is set to “17,
ADMODO<ADBF> is cleared to “0”,/and an INTAD interrupt request is generated.

Channel sean single conversion-mode

Setting ADMODO<REPEAT> and ADMODO<SCAN> to “01” selects channel scan
single conversion mode.

In this mode, data on the specified scan channels is converted once only. When scan
conversion has been completed, ADMODO<EOCF> is set to “1”, ADMODO<ADBEF> is
cleared to “0”, and an INTAD interrupt request is generated.
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Channel fixed repeat conversion mode

Setting ADMODO<REPEAT> and ADMODO<SCAN> to “10” selects channel fixed
repeat conversion mode.

In this mode, data on one specified channel is converted repeatedly. When conversion
has been completed, ADMODO<EOCF> is set to “1” and ADMODO<ADBF> is not
cleared to “0” but held “1”. INTAD interrupt request generation timing is determined
by the setting of ADMODO<ITMO>.

Clearing <ITMO> to “0” generates an interrupt request every time an AD conversion
1s completed.

Setting <ITMO> to “1” generates an interrupt request on completion of every fourth
conversion.

Channel scan repeat conversion mode

Setting ADMODO<REPEAT> and ADMODO<SCAN> to “11” selects channel scan
repeat conversion mode.

In this mode, data on the specified scan channels is converted repeatedly. When each
scan conversion has been completed, ADMODO<EOCF> is set to “1” and an INTAD
interrupt request is generated. ADMODO<ADBF> is not cleared to“0” but held “1”.

To stop conversion in a repeat conversion mode (e.g:, in cases¢. and d.), program a “0”
to ADMODO<REPEAT>. After the current conversion’has been completed, the repeat
conversion mode terminates and ADMODO<ADBF> is cleared to “0”.

Switching to a halt state (IDLE2 mode with ADMOD1<I2AD> cleared to “0”, IDLE1
mode or STOP mode) immediately stops operation of the AD converter even when AD
conversion is still in progress. In repeat conversion modes (e.g., in cases c. and d.),
when the halt is released, conversion restarts from the beginning. In single conversion
modes (e.g., incases a. and b.), conversion does not restart when the halt is released
(The converterrémains stopped).

Table 3.12.2 shows the relationship between the AD conversion modes and interrupt
requests.

Table 3.12.2 Relationship between the AD Conversion Modes and Interrupt Requests AD

N Generation of ADMODO
Interrupt Request <ITMO> <REPEAT> <SCAN>

Channelfixed single | After completion of X 0 0
conversion mode conversion
Channel scan single | After completion of scan X 0 1
conversion mode conversion
Channel fixed repeat | Every conversion 0 1 0
conversion mode Every fourth conversion 1
Cannel scan repeat After completion of every x 1 1
conversion mode scan conversion

X: Don't care
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(5) AD conversion time

84 states (6.2 us@ frra= 27 MHz) are required for the AD conversion for one channel.

(6) Storing and reading the results of AD conversion

The AD conversion data upper and lower registers (ADREG04H/L to ADREG37H/L)
store the AD conversion results. (ADREGO4H/L to ADREG37H/L are read-only
registers.)

In channel fixed repeat conversion mode with ADMODO<ITMO> = “1”, the
conversion results are stored successively in registers ADREGO04H/L to ADREG37H/L.
In other modes, the ANO, AN1, AN2 and ANS3 convérsion results are stored in
ADREGO04H/L, ADREG15H/L, ADREG26H/L and ADREG37H/L respectively.

Table 3.12.3 shows the correspondence between the analog input channels and the
registers that are used to hold the results of AD conversion.

Table 3.12.3 Correspondence between Analog Input Channel'and AD Conversion Result Register

AD Conversion Result Register

Analog Input Channel ] Channel Fixed Repeat
(Port 5) Conversion Mpde Other Conversion Mode
Than Right
(ADMODO<ITMO0>= “1")
ANO ADREGO4H/L ADREGO4H/L
AN1 ADREG15H/L ADREGI15H/L
AN2 ADREG26H/L ADREG26H/L
AN3 ADREG37H/L ADREG37H/L

The AD conversion-data storage flag. <ADRxRF> indicates whether the AD
conversion result register has been‘read or not. When a conversion result is stored in
the AD conversion result register, the flag is set to “1”. When either of the AD
conversion result registers (ADREGxxH or ADREGxxL) is read, the flag is cleared to
“0”.

Reading the AD ‘conversion result also clears the AD conversion end flag
ADMODO<EOCF> to “0”.
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Example:

a. Channel fixed repeat conversion mode

Convert the analog input voltage on the AN3 pin and write the result to memory
address 1800H using the AD interrupt (INTAD) processing routine.

Setting of main routine
76543210

INTEOAD «~ X100 - - - — Enable INTAD and set it to interrupt level 4.

ADMOD1 «+ 1 - XX 0011 Set pin AN3 to the analog input channel.

ADMODO «< XX 000001 Start conversion in channel fixed single conversion mode.

Interrupt routine processing example

A <« ADREG37 Read value of ADREG37L, ADREG37H to general purpose

register WA (16-hit).

WA >>6 Shift contents read into-WA six times to right and zero-fill upper
bits.

(1800H) «— WA Write contents of WA to memory address 1800H.

b. Channel scan repeat conversion mode

Converts repeatedly the analog input voltages on the three pins ANO,”AN1 and AN2,
using channel scan repeat conversion mode.

INTEOAD « X 000 - - -/ - Disable INTAD.
ADMOD1 «+ 1 - X X 0010 Set pins ANO-to AN2 to be the analog input channels.
ADMODO0 «~ XX 000111 Start conversion.in.channel scan repeat conversion mode.

X: Don't care, —: No change
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3.13 Watchdog Timer (Runaway detection timer)

The TMP91CU27/CP27/CK27 contains a watchdog timer of runaway detecting.

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 interrupt
INTWD to notify the CPU. Connecting the watchdog timer out to the reset pin internally forces
a reset. (The level of external RESET pin is not changed)

3.13.1 Configuration

Figure 3.13.1 is a block diagram of watchdog timer.

WDMOD<RESCR> RESET pin
Reset control Internal reset
_D—l——> Interrupt request
INTWD
WDMOD Selector
<WDTP1:0>
215 217 219 221
fsys Binary counter Q
(frPH/2) (22 stages) R s
Reset
Internal reset ®
Write Write  |WDMOD<WDTE>
4EH B1H
Watchdog timer control register
WDCR

U

Internal data bus

Figure 3.13.1 Block Diagram of Watchdog Timer

Note: Care must be exercised in the overall design of the apparatus since the watchdog timer
may fail to function correctly due to external noise, etc.
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3.13.2 Operation

The watch dog timer generates an INTWD interrupt specified at WDMOD<WDTP1:0>
register. The binary counter for the watch dog timer must be cleared to “0” by an
instruction issued from software before the INTWD interrupt is generated. If the binary
counter is not cleared due to the CPU malfunction (runaway) such as noise, the binary
counter overflows and the INTWD interrupt is generated. CPU can detect the malfunction
by the INTWD interrupt and recover to the normal condition.

The watch dog timer starts operating immediately after releasing)a reset. It does not
operate in IDLE1 or STOP mode.

At IDLE2 mode, its operation conforms to the setting in WDMOD<I2WDT>. Ensure that
WDMOD<I2WDT?> is set before the device enters IDLE2 mode.

The watchdog timer consists of a 22-stage binary counter which uses the system clock
(fsys) as the input clock. The binary counter can output fsys/215, fsys/217, fsys/219 and fsys/221.

WDT counter n X Overflow X « X 0
12
WDT interrupt | | <
X
Write clear code
Clear WDT > O
(Software) Y

Figure 3.13.2 Normal Mode

In the overflow condition, resetting TMP91CU27/CP27/CK27 themselves is selectable. In
this case, the reset time will be between 22 and 29 states (26.1 to 34.4 us @ foscH = 27 MHz,
frpH = 1.7 MHz) as shown in Figure 3.13.3. Also; system clock fsys (1 cycle = 1 state) which
generated clock by dividing it into 2, that clock frpH divide clock foscH high-frequency
oscillator into 16is used to resetting.

Overflow.

WDT counter n X_\ «

»

WDT interrupt «
"

Internal reset

22 to 29 states (26.1 to 34.4 us @ foscH = 27MHz, fepy = 1.7MHz)

Figure 3.13.3 Reset Mode
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3.13.3 Control Register

The watchdog timer WDT is controlled by two controls registers WDMOD and WDCR.
(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 used when
detecting runaway.

On a reset this register is initialized to WDMOD<WDTP1:0> = “00”.
The detection times for WDT are shown in Figure 3.13.4.

b. Watchdog timer enable/disable control register <WDTE>
At reset, the WDMOD<WDTE> is initialized to “1”, enabling the watchdog timer.

To disable the watchdog timer, it is necessary to-set this bit to “0”/before writing 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”.

c.  Watchdog timer out reset connection <RESCR>

This register is used to connect-the output of the watchdog timer with the RESET
terminal internally. Since WDMOD<RESCR>is initialized to “0” on Reset, a Reset by
the watchdog timer will not-be performed.

(2) Watchdog timer control register (WDCR)
This register is/used to disable and clear the binary counter for the watchdog timer.

e Disable control

The watchdog timer can be disabled by clearing WDMOD<WDTE> to “0” and then
writing the disable code (B1H) to the WDCR register.

WDCR «~0100121210 Write the clear code (4EH).
WDMOD «+ 0 - - XX -=10 Clear WDMOD<WDTE> to “0".
WDCR «~ 10110001 Write the disable code (B1H).

¢ / Enable control
Set WDMOD<WDTE> to “1”.

o /Watchdog timer clear/control

To clear the binary counter and cause counting to resume, write the clear code (4EH)
to the WDCR register.
WDCR «<~0/12001110 Write the clear code (4EH).

Notel: If the disable control is used, set the disable code (B1H) to WDCR after write the clear code (4EH) once.
(Please refer to setting example.)

Note2: If the watchdog timer setting is changed,change setting after setting to disabled condition once.
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7 6 5 3 2 1 0
WDMOD Bit symbol WDTE WDTP1 WDTPO 12WDT RESCR —
(0300H) Read/Write R/W R/IW R/IW R/W
Reset State 1 o | o 0 0 0
WDT WDT detection time IDLE2 L:Internally | Always
control selection 0: Stop connects | write “0”.
0: Stop 00: 2%/fsys 1: Operate | WDT out
1:Enable | 01: 2"/fsys to the
10: 2%%fgvs reset pin
11: 221/fsys

!

L—— Watchdog timer detection time

|—> Watchdog timer out control

0 D,

1 Connect WDT out to reset

IDLE2 control
Stop
1 Operate

@ fc =27 MHz, fs =32.768 kHz

System Clock Clock Gear Watchdog Timer Detection Time
Selection Value WDMOD<WDTP1:0>
SYSCR1 SYSCR1 00 o1 10 1
<SYSCK> <GEAR2:0>
1 (fs) XXX 2.00s 8.0s 32.0s 128.0 s
000 (fc) 2.43 ms 9.71 ms 38.84 ms 155.34 ms
001 (fc/2) 4.85 ms 19.42 ms 77.67 ms 310.69 ms
0 (fc) 010 (fc/4) 9.71-ms 38.84 ms 155.34 ms 621.38 ms
011 (fc/8) 19.42 ms 77.67 ms 310.69 ms 1242.76 ms
100 (fc/16) 38.84 ms 155.34 ms 621.38 ms 2485.51 ms
Watchdog timer enable/disable control
Disable
Enable
Figure 3.13.4 Watchdog Timer Mode Register
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7 6 5 4 3 2 1 0
WDCR Bit symbol —
(0301H) Read/Write W
A read-modify | Reset State -
-write ' Function
operation B1H: WDT disable code
cannot be AEH: WDT clear code
performed

L Disable/clear WDT

B1H Disable code
AEH Clear code
Others —

Figure 3.13.5 Watchdog Timer Control Register
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3.14 Special timer for CLOCK

The TMP91CU27/CP27/CK27 include 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 frequency clock of 32.768 kHz. A clock function can be easily used.

Special timer for CLOCK can operate in all modes in which a low-frequency oscillation is
operated.

In addition, INTRTC can return from each standby mode except STOP mode.

RTCCR<RTCSEL1:0> Selectar Interrupt
request
RTCCR<RTCRUN> INTRTC
Run
/Clear ol [912[ 513 514
fs 14-stage binary counter
(32.768 kHz)

Figure 3.14.1 Block Diagram for Real Time Clock

The Special timer for CLOCK is controlled by the real time clock control register (RTCCR) as
shown in Figure 3.14.2.

7 6 5 4 3 2 1 0
RTCCR Bit symbol — RTCSEL1 | RTCSELO | RTCRUN
(0310H) Read/Write RIW RIW RIW
Reset State 0 0 | 0 0
Function Always 00: 2"/fs 0: Stop &
write “0”. 01: 2%%fs clear
10: 2%/fs 1: Count
11: 2"Yfs

L Counting operation

0 | Stop & clear

1 | Count

—— Interrupt generation cycle
(fs = 32.768 kHz)

00 | 050s
01 [0.25s
10 | 0.125s
11 | 0.0625s

Figure 3.14.2 Real Time Clock Control Register
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4. Electrical Characteristics
4.1  Absolute Maximum Ratings

Parameter Symbol Rating Unit
Power supply voltage Vee -0.5t04.0 Y
Input voltage VN -0.5t0 Vcc + 0.5
Output current (1 pin) loL 2
Output current (1 pin) loH -2 ZA
Output current (Total) ZloL 80
Output current (Total) ZloH -80
Power dissipation (Ta = 85°C) Pp 600 mw
Soldering temperature (10 s) TSOLDER 260
Storage temperature TstG —65 to 150 °C
Operation temperature ToPR -40/to 85

Note: The absolute maximum ratings are rated values that must not-be exceeded during operation, even for an

instant. Any one of the ratings must not be exceeded. If any absolute maximum rating is exceeded, the device

may break down or its performance may be degraded, causing it to catch fire or explode resulting in injury to

the user. Thus, when designing products that include this device, ensure that no-absolute maximum rating

value will ever be exceeded.

Solderability of lead-free products

Test
parameter

Test/condition

Note

Solderability Use of Sn-37Pb solder Bath

Solder bath temperature = 230°C, Dipping time = 5 seconds
The number of times = one; Use of R-type flux

Use of Sn-3.0Ag-0.5Cu solder bath
Solder bath temperature = 245°C, Dipping time'=5 seconds
The number of times = one, Use of R-type flux (use of lead-free)

Pass:
solderability rate until forming > 95%
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4.2  DC Characteristics (1/2)
Parameter Symbol Condition Min Typ.(Note) Max Unit
Power supply voltage fc=41t027MHz ¢ _30¢0 2.7
AVCC = DVCC ) Vee 34 KHz 3.6 \Y
AVSS = DVSS = 0 V fc=2to 10 MHz 1.8
P00 to P17 v Vee 227V 0.6
(ADO to AD15) " Vee<27v 0.2 Vee
Vee 227V 0.3V
& | P20to P97 (ExceptP63) | Vi1 cc cc
S Vee <27V 0.2 Vce
o —
> | RESET, NMI Vee =27V 0.25V,
> Vil cc 203 cc Vv
3 | P63(INTO) Vec <27V 0.15 Ve
E Vee =27V 03
2 | AmO0and AM1 ViLs ce
Vee <27V 0.3
Vee 227V 0.2V
X1 VIL4 CC CC
Vee <27V 0.1 Vee
P00 to P17 v Vee 227V 2.0
(ADO to AD15) " ee<27v 0.7 Ve
Ve 227V 0.7V
S | P20to P97 (Except P63) | Vi1 cc cc
g VCC <27V 0.8 VCC
o —
= | RESET, NMI, Vee > 2.7 0.75 V.
= ViH2 ce ce Vcec + 0.3 \Y%
2 | P63 (INTO) Ve <27V 0.85 Ve
3 Vee2 2.7V Vee - 03
2 | AMO and AM1 Vin3 cc ce
- Vee <27V Vce - 0.3
Vee 2 27V 0.8V
X1 Vina cc cc
Vec <27V 0.9 Vee
lou/=1.6mA Vee =27V 0.45
Output low voltage VoL oy cc
loL'=0.4mA Vec <27V 0.15 Ve v
lofy=—400 uA |Vee =27V | Vee-03
Output high voltage Vou o E cc cc
lon=-200 pA |[Vcc<2.7V 0.8 Vcc

Note: Typical values are for whenTa= 25°C and V¢ = 3.0V uncles otherwise noted.
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DC Characteristics (2/2)

. . Typ. .
Parameter Symbol Condition Min yp Max Unit
(Notel)
Input leakage current I 0.0 <VIN <V¢c 0.02 +5 A
0
Output leakage current ILo 0.2<VIN<Vcc-0.2 0.05 +10
Power down voltage VIL2 = 0.2 V¢,
VsTop 18 3.6 Y,
(@STOP, RAM back up) VIH2 = 0.8 Ve
_ . Vecc=2.7V1t03.6V 100 400
RESET pull-up resistor RRrsT kQ
Vec=2V+10% 200 1000
Pin capacitance Cio fc=1MHz 10 pF
Schmitt width Vec 227V 0.4 1.0
RESET, NMI, INTO Vec <27V 0.3 0.8
, Vec=27V1t03.6V 100 400
Programmable pull-up resistor RkH kQ
Vee =2V £ 10% 200 1000
NORMAL (Note 2), (Note 3) 11.5 (10.8) 19.0
> 3 Vecc=2.7Vt03.6V 3 50 mA
IDLE (Note 3) fo o 27 MHz 5.5 (4.8) )
IDLE1  (Note 3) 2.5(1.8) 4.0
NORMAL (Note 2), (Note 3) 11.5/10.8) 16.0
IDLE2  (Note 3 Vec =3V 10% 55 (4.8 75 mA
(Note 3) fc = 27 MHz -5 (4.8) :
IDLE1  (Note 3) 25 (1.8) 35
NORMAL (Note 2), (Note 3) Vec=2V+10% 3.5(3.0) 5.0
IDLE2 (Note 3) fc = 10 MHz 2.0(15) 3.0 mA
IDLE1  (Note 3) lec (Typ. Vee=2.0V) 0.9 (0.4) 1.8
SLOW  (Note 2) 14.5 30
IDLE2 Vec=27V103.6V 7.0 19 A
fs =32.768 kHz : H
IDLE1 5.0 15
SLOW (Note 2) Vee=2V+10 % 10 20
IDLE2 fs =32.768 kHz 5.0 13 HA
IDLE1 (Typ,Vec =2.0V) 3.0 10
STOP Vec=1.8Vt03.6V, 0.1 10 HA

Note 1: Typical values are for when Ta = 25°C and V¢ = 3.0-V unless otherwise noted.

Note 2: Icc measurement conditions (NORMAL, SLOW):
All functions are operational; output pins.are-open and input pins are fixed.

Note 3: Power supply.cuurent from AVCC-pin_is included in power supply current of V¢ pin. Also, AVCC pin share
with AD reference power supply in TMP91CU27/CP27/CK27. Therefore, it is included in power supply current
of V¢ pin that not only power supply current from AVCC pin but also current to ladder resitster. Insert of () is

current.value when VRgg is Off.
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4.3  AC Characteristics
(1) Vee=2.7Vt0 3.6 V

Variable fEpH = 27 MHz )

No. Parameter Symbol Unit
Min Max Min Max

1 frpH period (= X) tEPH 37.0 31250 37.0 ns
2 A0 to A15 valid — ALE falling taL 0.5x -6 12 ns
3 ALE falling — A0 to A15 hold tLA 0.5x - 16 2 ns
4 ALE high pulse width '8 x —20 17 ns
5 ALE falling — RD/wr falling tc 0.5x - 14 4 ns
6 RD rising — ALE rising tcLr 0.5x - 10 8 ns
7 WR rising — ALE rising tcLw x-10 27 ns
8 A0 to A15 valid - RD/wR falling tacL X —23 14 ns
9 A0 to A21 valid - RD/wR falling tacH 1.5x - 26 29 ns
10 RD rising — A0 to A21 hold tcar 0.5x - 13 5 ns
11 WR rising — A0 to A21 hold tcaw x-13 24 ns
12 | AOto Al5 valid — DO to D15 input tADL 3.0x -38 73 ns
13 | AOto A21 valid — DO to D15 input tADH 3.5x+41 88 ns
14 | rofalling — DO to D15 input trRD 2.0x~ 30 44 ns
15 | RD low pulse width trRR 2.0x'—15 59 ns
16 RD rising — DO to D15 hold tHr 0 0 ns
17 RD rising — A0 to A15 output tRAE x=15 22 ns
18 WR low pulse width tww 1.5x =15 40 ns
19 | DO to D15 valid — wr rising tbw 1.5x—35 20 ns
20 WR rising — DO to D15 hold twb X —25 12 ns
21 | AOto A21 valid — Port input taPH 3.5x — 89 40 ns
22 | AOto A21 valid — Port hold tAPH2 3.5x 129 ns
23 | AOto A21 valid — Port valid tap 3.5x+ 80 209 ns

AC measurement conditions

+ Output level: High 0.7 x Ve /Low 0.3 x V¢, C=50pFk

= Input level: High 0.9-x Ve /Low 0.1 x Ve

Note: Symbol [x] in the above table means the period of clock fepy. It's half period the system clock fgys for CPU

core.

The/period of clock frpy dependson the clock gear setting or the selection of high/low oscillator frequency.
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(2) Read cycle

frPH
| | 1 1 1
| | 1 1 1
| | 1 1 1
| | 1 1 1
1 1 1
i ! ! ! !
| | 1 1 1
| | 1 1 1
| | |
N . | | b
AO to A21 : : 1 1 1
'k | ! ! Vil
: i
\ ! l
CsS0 to CS2 ' ' '
I—\ | ! '+
| | '
! ! !
1 1 !
1 1 !
1 1 !
! ! l
1 1 :
| | '
1 1 4
1 1 !
1 1 \
! : l
' T tAPH ;
: : .
Portinput _ o [T __ __ __ __ T _APH2T T -
(Note) 7 i : :
1 1
' —tADH : : (—tCAR—Ea-
RD | T ] \ ! t ! |AC
! AoH— i AR ) /—trRae——|
! L tact ' ' '
1 1 1
| | |<=fLc = . tRD | tHR :
! L T taDL T , —
1 I
ADO to AD15 ' A0 to Al5 it N i -|< DO to D15 2‘ -= ’g
1 1 4 1 <_
“ua | | :
| 1 le—tcLR—>
1 1 1
ALE | | : )
: |
1
1
1

Note: /Since the CPU accesses the.internal area'to read data from a port, 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

are typical representation. For. details, contact your local Toshiba sales representative.
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(3) Write cycle

fFPH —/_\_/_\_/_\_/_\_/_

A0 to A21

CS0 to CS2

Port output
(Note)

WR, HWR

N

N\

"“““"““""Tﬂ“>_<“"“““

RN VARG A | g S AP A S g |

tap '
1
1
1
:
| fcaw
tww. - !
J ]
1 twp X
' tow b —p
)
._,_--< A0 to A15 : DOt0/D15! I
: : | 1
! 1
! X tcLw |
1

]

Note: Since the CPU accesses the/internal-area to write data to a port, the control signals of external pins such as

WR 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

are typical representation. For details, contact your local Toshiba sales representative.
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4.4  AD Conversion Characteristics

AVCC =V, AVSS =Vgg
Parameter Symbol Condition Min Typ. Max Unit
Analog input voltage VaN AVSS AVCC \%
Error Vee=27V1t03.6V +1.0 +4.0
(Not including quantization - LSB
errors) VCC =2V +10% +1.0 +4.0

Note 1: 1 LSB = (AVCC - AVSS)/1024 [V]
Note 2: Minimum operation frequency:
AD converter operation is guranteed only when using fc (High-frequency oscillator).

fs (Low-frequency oscillator) is not guranteed. However, operation-is guaranteed if the clock frequency
selected by the clock gear is over 4 MHz.

Note 3: The value for Icc (Current of V¢ pin) includes the current which flows through the AVCC pin.
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4.5  Serial Channel Timing (I/O interface mode)
(1) SCLK input mode
Variable 10 MHz | 27 MHz )
Parameter Symbol - - - Unit
Min Max Min |Max| Min | Max
SCLK period tscy 16X 1.6 0.59 us
tscy/2 - 4X - 110
scy 290 38
Output data ¢ (VMcc=2.7Vt03.6V) ns
_ SCLK rising/falling* |~ ©5° tscy/2 — 4X — 180 220
(Vec =2V + 10%) :
SCLK rising/falling *
toHs tscy/2 + 2X + 0 1000 370 ns
— Output data hold
SCLK rising/falling * ¢ 3% + 10 310 121 ns
— Input data hold HSR
SCLK rising/falling * ¢ ¢ 0 1600 Do ns
— Valid data input SRD S
Valid data input
- . tRDS 0 0 0 ns
— SCLK rising/falling *
(2) SCLK output mode
Variable 10MHz /| 27 MHz )
Parameter Symbol . - . Unit
Min Max Min {Max | Min | Max
SCLK period tscy 16X 8192X 1.6-]/819 | 0.59 | 303 us
Output data t tseyi2 — 40 760 256 ns
- SCLK rising/falling *| 5 SQY
SCLK rising/falling * ‘ teclfd — 40 260 256 ns
— Output data hold OHS SOX
SCLK rising/falling *
tHSR 0 0 0 ns
— Input data hold
SCLK rising/falling * . ) % - 180 1320 375 ns
— Valid data input 73 =X
Valid data input
" . tRDS 1X +180 280 217 ns
— SCLK rising/falling’*
tscy
SCLK
( Output mode/ | | | I | | | |
input rising‘mode
SCLK [ [ I L | L
(Input falling-mode) toss toHs
Output data m
TXD X 0 X 1 X 2 X 3
— tsrRD tHSR
RDS
Input data
RXD X o X 1 X 2 X X 3 X__
Valid Valid Valid Valid

Note 1: SCLK rising/falling: The rising edge is used in SCLK rising mode.

The falling edge is used in SCLK falling mode.

Note 2:27 MHz and 10 MHz values are calculated from tgcy = 16X case.

Note 3: Symbol [x] in the above table means the period of clock frpy. It's a half period of the system clock fsys for

CPU core.

The period of clock fgpy depends on the clock gear setting or the selection of high/low oscillator frequency.
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4.6  Event Counter (TAOIN, TA4IN, TBOINO and TBOIN1)
Variable 10 MHz 27 MHz )
Parameter Symbol Unit
Min Max Min | Max| Min | Max
Clock period tvck 8X + 100 900 396 ns
Clock low level pulse width tvekL 4X + 40 440 188 ns
Clock high level pulse width tvekH 4X + 40 440 188 ns
4.7  Interrupt and Capture
(1) NMI and INTO Interrupts
Variable 10 MHz 27 MHz .
Parameter Symbol Unit
Min Max Min | Max | Min | Max
NMI and INTO low level pulse width | tinTaL 4X + 40 440 188 ns
Vl:ﬂl;/:lh and INTO high level pulse NTAH 4X + 40 240 188 ns
(2)  INT5 and INT6 interrupts, capture

INT5 and INT6 input pulse width depend on the system <clock selection and clock
selection for prescaler. Below table show pulse width of each/operation clock.

System Clock | Clock Selection tINTBL UNTBH
Selection for Prescaler (INT5 and INT6 low. level pulse width) (INT5 and INT6 high level pulse width ) Unit
SYSCR1 SYSCRO Variable fepy = 27 MHz Variable fepn = 27MHz
<SYSCK> <PRCK1:0> Min Min Min Min
0 (0 00 (fepr) 8X + 100 396 8X + 100 396 ns
10 (fc/16) 128Xc+ 0.1 4.8 128Xc +0.1 4.8
1 (fs) 00 (fepp) 8X+0.1 2443 8X+0.1 2443 HS

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. It's half period the system clock fgys for CPU

core.
The period of clock frpy depends-on the clock gear setting or the selection of high/low oscillator frequency.
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4.8 Recommended Oscillation Circuit
The TMP91CU27/CP27/CK27 have been evaluated the by the oscillator vender below. Use
this information when selecting external parts.

Note :The total load value of the oscillator is the sum of external loads (C1 and C2) and the floating load of the actual
assembled board. There is a possibility of operating error when using C1 and C2 values in the table below.
When designing the board, design the minimum length pattern around the oscillator. We also recommend that
oscillator evaluation be carried out using the actual board.

(1)  Connection example

X1 X2 XT1 XT2
Rd Rd
C1 ,I C2 ,I Cq1 I C2 ,I
High-frequency oscillation connection Low-freguency oscillation connection

(2) TMP91CU27/CP27/CK27 Recommended ceramic oscillator

TMP91CU27/CP27/CK27 recommends the high-frequency oscillator by Murata
Manufacturing Co., Ltd.

Please refer to the following URL

http://www.murata.co.jp
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5. Table of SFRs

The SFRs (Special function registers) include the I/0O ports and peripheral control registers
allocated to the 4-Kbyte address space from 000000H to OO0OFFFH.
(1) T/O port

(2) T/O port control

(3) Interrupt control

(4) Chip select/wait control

(5) Clock control

(6) 8-bit timer control

(7)  16-bit timer control

(8) UART/serial channel control
(9) I2C bus/serial channel control
(10) AD converter control

(11) Watchdog timer control

(12) Special timer for CLOCK

Table layout
Symbol Name Address | 7| 6 ( ( 110
\\ — Bit symbol
\\ — Read/Write
// — Initial value after reset
/ / — Remarks

Note: “Prohibit RMW” in the table means that you cannot use RMW instructions on these registers.

Example: When setting only-bit0 of the register PxCR to “1”, the instruction “SET 0, (PXCR)” cannot be used.
The LD (Transfer) instruction must be used to-write all eight bits.

Read/Write
R/W: Both read and write are possible.

R:  Only read is possible
Wi Only write is possible
W+ Both read and write are possible (when this bit is read as 1.)

Prohibit RMW: A read-modify-write operation cannot be performed. (The EX, ADD, ADC,
BUS,SBC, INC, DEC, AND, OR, XOR, STCF, RES, SET, CHG, TSET, RLC,
RRC, RL, RR, SLA, SRA, SLL, SRL, RLD and RRD instruction are
read-modify-write instructions.)

R/W*: A read-modify-write operation cannot be performed. when controlling the pull-up
resistor.
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Table 5.1 Address Map for SFRs
[1] Port
Address Name Address Name Address Name
0000H | PO 0010H 0020H
1H| P1 1H 1H
2H| POCR 2H| P6 2H
3H 3H| P7 3H
4H| P1CR 4H| P6CR 4H
5H| P1FC 5H| P6FC 5H
6H| P2 6H| P7CR 6H
7H| P3 7H| P7FC H
8H| P2CR 8H| P8 8H
9H | P2FC 9H| P9 9H
AH | P3CR AH| P8CR AH
BH | P3FC BH | PSFC BH
CH| P4 CH| POCR CH
DH| P5 DH| P9FC DH
EH | P4CR EH EH
FH| P4FC FH FH| ODE
[2] INTC
Address Name Address Name Address Name
0080H | DMAOV 0090H | INTEOAD 00AOH | INTETCO1
1H| DMALV 1H 1H| INTETC23
2H| DMA2V 2H 2H
3H| DMA3V 3H||INTE56 3H
4H 4H 4H
5H 5H| INTETAO1 5H
6H 6H | INTETA23 6H
7H 7H| INTETA45 7H
8H| INTCLR 8H 8H
9H | DMAR 9H | INTETBO 9H
AH | DMAB AH AH
BH BH| INTETBO1V BH
CH| IMC CH | INTESO CH
DH DH| INTES1 DH
EH EH [ INTES2RTC EH
FH FH FH

Note: Do not access to the unnamed addresses, e.g., addresses to which no register has been allocated.
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Table 5.2 Address Map for SFRs
[3] CS/WAIT [4] CGEAR
Address Name Address Name Address Name
00COH | BOCS 00EOH | SYSCRO 0OFOH

1H| B1CS 1H| SYSCR1 1H
2H| B2CS 2H| SYSCR2 2H
3H| B3CS 3H| EMCCRO 3H
4H 4H| EMCCR1 4H
5H 5H 5H
6H 6H 6H
7H| BEXCS 7H 7H
8H| MSARO 8H 8H
9H | MAMRO 9H 9H
AH| MSAR1 AH AH
BH | MAMR1 BH BH
CH| MSAR2 CH CH
DH | MAMR2 DH DH
EH | MSAR3 EH EH
FH| MAMR3 FH FH

[5] TMRA

Address Name Address Name
0100H | TAOLRUN 0110H [ TA45RUN

1H 1H
2H| TAOREG 2H | TAAREG
3H| TAIREG 3H/| TASREG
4H| TAOIMOD 4H | TA45MOD
5H| TALFFCR 5H | TASFFCR
6H 6H
7H 7H
8H| TA23RUN 8H
9H 9H
AH| TA2REG AH
BH | TA3REG BH
CH| TA23MOD CH
DH | TA3FECR DH
EH EH
FH FH

Note: Do not access to the unnamed-addresses, e.g., addresses to which no register has been allocated.
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[6] TMRB

Address

Name

0180H
1H
2H
3H
4H
5H
6H
7H
8H
9H
AH
BH
CH
DH
EH
FH

TBORUN

TBOMOD
TBOFFCR

TBORGOL
TBORGOH
TBORGL1L
TBORG1H
TBOCPOL
TBOCPOH
TBOCP1L
TBOCP1H

[7] UART/SIO

Address

Name

0200H
1H
2H
3H
4H
5H
6H
7H
8H
9H
AH
BH
CH
DH
EH
FH

SCOBUF
SCOCR
SCOMODO
BROCR
BROADD
SCOMOD1

SIRCR
SC1BUF
SC1CR
SC1MODO
BR1CR
BR1ADD
SC1MOD1

Table 5.3 Address Map for SFRs

Address

Name

0190H
1H
2H
3H
4H
5H
6H
7H
8H
9H
AH
BH
CH
DH
EH
FH

[8] I2C bus/SIO

Address

Name

0240H
1H
2H
3H
4H
5H
6H
7H
8H
9H
AH
BH
CH
DH
EH
FH

SBIOCR1
SBIODBR
12CO0AR
SBIOCR2/SBIOSR
SBIOBRO
SBIOBR1

Note: Do not access to the unnamed addresses, e.g., addresses to which no register has been allocated.
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Table 5.4 Address Map for SFRs
[9] 10-bit ADC

Address Name Address Name
02A0H | ADREGO4L 02BOH [ ADMODO
1H | ADREGO04H 1H| ADMOD1
2H| ADREG15L 2H
3H| ADREG15H 3H
4H| ADREG26L 4H
5H| ADREG26H 5H
6H | ADREG37L 6H
7H| ADREG37H 7H
8H 8H
9H 9H
AH AH
BH BH
CH CH
DH DH
EH EH
FH FH
[10] WDT [11] Special timer for CLOCK
Address Name Address Name
0300H [ WDMOD 0310H [ RTGCR
1H| WDCR 1H
2H 2H
3H 3H
4H 4H
5H 5H
6H 6H
7H 7H
8H 8H
9H 9H
AH AH
BH BH
CH CH
DH DH
EH EH
FH FH

Note: Do not access to the unnamed addresses, e.g., addresses to which no register has been allocated.
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(1) T/O port
Symbol| Name |Address 7 6 5 4 3 2 1 0
P07 P06 P05 P04 P03 P02 PO1 P00
PO Port 0 00OH R/W
Data from external port (Output latch register is undefined)
P17 P16 P15 | P14 P13 | P12 | P11 | P10
P1 Port 1 01H R/W
Data from external port (Output latch register is cleared to “0")
P25 | P24 P23 | p22 | P21 | P20
P2 Port 2 06H R/W
Data from external port (Output latch register is set to “1")
P22 | P31 | P30
R/W
Data from
external
port 1 1
07H (Notel)
0 (output
latch
P3 Port 3 . register):
(Prohibit Pull-up
RMW) resistor
OFF
1 (output - -
latch
register):
Pull-up
resistor
ON
P42 P41 P40
R/W
OCH Data from external port Notel
P4 Port 4 (Prohibit O(output latch register)
RMW) : Pull-up resistor OFF
1(output latch register)
: Pull-up resistor ON
P53 P52 | P51 | P50
P5 Port 5 ODH R
Data from external port
P63 | pPe2 | pPer | Peo
P6 Port 6 12H RIW
Data from external port
(Output latch register is set to “1”)
P74 P73 P72 | P71 P70
P7 Port 7 13H RIW
Data from external port
(Output latch register is set to “1")
P83 P82 P8l | P8O
P8 Port 8 18H RIW
Data from external port
(Output latch register is set to “1”)
P97 P96 P95 P94 P93 P92 P91 P90
P9 Port 9 19H R/W R/W R/IW
1 1 Data from external port (Output latch register is set to “1")
Note: Output latch is set to “1”.
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(2) T/O port control (1/2)
Symbol| Name |Address 7 6 5 4 3 2 1 0
P0O7C PO6C P0O5C P04C P0O3C P02C PO1C P0O0OC
02H W
Port 0 -
POCR (Prohibit 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
control
RMW) 0: Input 1: Output
(When access to external, become AD7 to ADO and this register is cleared to “0".)
oar pizc | pisc | pisc | piuac | pisc | pizc | puc | pioc
Port 1
P1CR control (Prohibit | | | V|V | | |
RMW) 0 0 0 0 0 0 0 0
<<Refer to column of P1FC>>
o5H P17 | pief | pise | piar | pPi3e | P2 | pur | PioF
Port 1 o W
P1FC ) (Prohibit
function RMW) 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
P1FC/P1CR = 00: Input port, 01: Outputport, 10: AD8 to AD15, 11;A8 to. A15
08H P25C | P24C | P23C | P22C | p21C | P20C
Port 2 W
P2CR control (Prohibit | | | | |
RMW) 0 0 0 0 0 0
<<Refer to column of P2FC>>
oot P25k | P2ar_ | pP23F | paoF | pP21F | P2oF
Port 2 o W
P2FC function (Prohibit | | | | |
RMW) 0 0 0 0 0 0
P2FC/P2CR = 00: Input port, 01: Output port, 10: A0 to A5, 11: A16 to A21]
P32C
OAH
Port 3 . W
P3CR (Prohibit 0
control
RMW) 0: Input
1: Output
- P32F P31F P30F
0BH W W
Port 3 .
P3FC ) (Prohibit 0 0 0 0
function
RMW) | Always 0: Port 0: Port 0: Port
write “0”. 1: HWR 1: WR 1. RD
P42C P41C P40C
Port 4 QH W
P4ACR control (Prohibit |
RMW) 0 0 0
0: Input 1: Output
Pa2F | paiF P40F
OFH W
parc |7 | (prohibit
function 0 0 0
RMW) 0: Port 0: Port 0: Port
1: Cs2 1: Cs1 1: CS0

Note 1;When port 2 is used as-address bus A21 to A16 or A5 to AO, set P2FC after set P2CR.

Note 2:“L” level is outputted from P30 pin also during reading internal area by setting P3<P30> to “0”, set

P3FC<P30F> to “1".

Note 3: When port 4 is used as chip select signal CS0 to CS2 set PACR to “1” after set P4FC to “1”.
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1/0 port control (2/2)
Symbol| Name |Address 7 6 5 4 3 2 1 0
P63C P62C P61C P60C
Port 6 14 W
P6CR control (Prohibit | | |
RMW) 0 0 0 0
0: Input 1: Output
P63F | P62F | P6IF | P6OF
15H
Port 6 . s
P6FC . (Prohibit 0 0 0 0
function
RMW) 0: Port 0; Port 0: Port 0: Port
1INTO 1/ SCL 1: SDA/SO [1: SCK out
16H P74C P73C p72C pP71C P70C
Port 7 . W
P7CR control (Prohibit
RMW) 0 0 0 0 0
0: Input 1: Output
P74F P72F P71F
17H W W W
Port 7 -
P7FC ) (Prohibit 0 0 0
function
RMW) 0:-Port 0: Port 0: Port
1: TASOUT 1: TASOUT | 1: TA1OUT
P83C P82C P81C P80C
1AH
Port 8 L W
P8CR control (Prohibit | | |
RMW) 0 0 0 0
0: Input 1: Output
P83F | P82F | P81F | P80OF
Port 8 1BH T
P8FC function (Prohibit 9 0 0 0
RMW) 0: Port 0: Port 0: Port 0: Port
1:TBOOUT1| 1:TBOOUTO|1:INT6 1: INT5/
/TBOIN1 TBOINO
1CH pP97C P96C P95C P94C P93C P92C P91C P90C
Port 9
POCR control (Prohibit L w v
RMW) 1 1 0 0 0 0 0 0
0: Input 1: Output
PI95F P93F P92F P90F
1DH W w W w
Port 9 o
POFC ) (Prohibit 0 0 0 0
function
RMW) 0: Port 0: Port 0: Port 0: Port
1: SCLK1 1: TXD1 1: SCLKO 1: TXDO
ODE62 ODE61 ODE93 ODE90
Open-drain
ODE p beN R/W R/W R/W R/W
enable 0 0 0 0
1: P620ODE [ 1: P610ODE |1: P930ODE |1: P9OODE

Note 1: External interrupt INTO:
Input enable is controlled by P6FC<P63F>. Level/edge selection and rising/falling selection is controlled by
IIMC<IOLE, IOEDGE>.

Note 2: External interrupts INT5 and INT6:
Input enable is set by PBFC<P81F, P80F>. The setting of edge is controlled by TBOMOD.

Note 3: When P70 and P73 is used as an input port, the input signal is inputted to 8bit-timer
(TMRAO and TMRAA4) as TAOIN and TA4IN inputs.

Note 4: When P91 and P94 is used as an input port, the input signal is inputted to SIO as serial receiving data RXDO
and RXD1.
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(3) Interrupt control (1/3)
Symbol [ Name [Address 7 6 5 4 3 2 1 0
INTAD INTO
INTO IADC IADM2 | IADM1 | IADMO 10C 10M2 | I0M1 | 10MO
INTEOAD (& INTAD 90H R R/W R RIW
enable 0 o | o | o 0 o | o | o
1: INTAD Interrupt request level 1: INTO Interrupt request level
INT6 INTS
Interrupt 16C 16M2 | 16M1 | 16MO I5C I5M2 | I5M1 | I5MO
INTE56 |[enable 93H R R/W R R/W
INT6/5 0 o | o | o 0 o | o | o
1: INT6 Interruput requeset level 12INTS Interrupt request level
INTTAL (TMRA1) INTTAO (TMRAOQ)
INTTAO & ITA1C ITAIM2 ITAIM1 ITAIMO ITAOC ITAOM2 ITAOM1 ITAOMO
INTETAOL [INTTAL 95H R R/W R R/W
enable 0 0 | 0 | 0 0 0 | 0 | 0
1: INTTAL Interrupt request level 1. INTTAO Interrupt request level
INTTA3 (TMRA3) INTTA2 (TMRA2)
INTTA2 & masc | imasm2 | imasms | omasmo | itasc | imasme | imaomt | imaomo
INTETA23 | INTTA3 96H R R/W R R/W
enable 0 o | o] o 0 o | o | o
1: INTTA3 Interrupt request level 1: INTTA2 Interrupt request level
INTTA5 (TMRAS) INTTA4 (TMRA4)
INTTA4 & ITASC ITASM2 | ITASM1 ITASMO ITA4C ITAAM2 ITAAM1 ITAAMO
INTETA45 | INTTAS 97H R R/W. R RIW
enable 0 o | 0o | /o 0 o | o | o
1: INTTAS Interrupt request level 1: INTTA4 Interrupt request level

91CU27-231

2008-01-24




TOSHIBA TMP91CU27/CP27/CK27
Interrupt control (2/3)
Symbol | Name |Address 7 6 5 4 3 2 1 0
INTTBO1 (TMRBO) INTTBOO (TMRBO)
INTTBOO & ITBO1C ITBO1M2 | ITBO1IM1 | ITBO1MO ITBOOC ITBOOM2 | ITBOOM1 | ITBOOMO
INTETBO |INTTBO1 99H R R/W R R/W
enable 0 o | o | o 0 o | o | o
1: INTTBO1 Interrupt request level 1: INTTBOO Interrupt request level
— INTTBOFO (TMRBO over flow)
INTTBOF1 — — | — | — ITFOC ITFOM2 ITFOM1 | ITFOMO
INTETBO1V | (over-flow) 9BH R R/W R R/W
enable 0 o | o | o 0 o | o | o
Always write “0”. 1: INTTBOFO Interrupt request level
INTTXO0 INTRXO
INTRXO0 & ITX0C ITXOM2 | ITXOM1 | ITXOMO IRX0C IRXOM2 | IRXOM1 | IRXOMO
INTESO |INTTXO 9CH R R/W R R/W
enable 0 0 | 0 | 0 0 0 | 0 | 0
1: INTTXO Interrupt request level 1. INTRXO0 Interrupt request level
INTTX1 INTRX1
INTRX1 & ITX1C ITX1IM2 | ITX1IM1 | ITXIMO IRX1C IRX1M2 | IRX1M1 | IRX1MO
INTES1 |INTTX1 9DH R R/W R R/W
enable 0 o | o] o 0 oo | o | o
1: INTTX1 Interrupt request level 1: INTRX1 Interrupt request level
INTRTC INTSBI
INTSBI & IRTCC IRTCM2 | IRTCM1 | IRTCMO ISBIC ISBIM2 | ISBIM1 | ISBIMO
INTES2RTC|INTRTC 9EH R R/W R R/W
enable 0 o 0o | a 0 o | o | o
1. INTRTC Interrupt request level 1. INTSBI Interrupt request level
INTTC1 INTTCO
INTTCO & ITC1C ITC1IM2 | ITC1IM1 | ITC1IMO ITCOC ITCOM2 | ITCOM1 | ITCOMO
INTETCO1 [INTTC1 AOH R R/W R R/W
enable 0 o | o |0 0 o | o | o
1: INTTC1 Interrupt request level 1: INTTCO Interrupt request level
INTTC3 INTTC2
INTTC2 & ircac | ireamz | meamr )| imeamo | ircoc | ircomz | ircomt | imeomo
INTETC23 [INTTC3 AlH R RIW R R/W
enable 0 o 0o | o 0 o | o | o
1: INTTC3 Interrupt request level 1: INTTC2 Interrupt request level
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Interrupt control (3/3)

Symbol | Name |[Address 7 6 5 4 3 2 1 0
DMAO DMAOV5 | DMAOV4 | DMAOV3 | DMAOV2 | DMAOV1 | DMAOVO
R/W
DMAQV | start 80H
o | o | o | o | o | o
vector
DMAQ start vector
DMAL DMA1V5 | DMA1V4 | DMA1V3 | DMA1V2 | DMA1V1 | DMA1VO0
R/W
DMA1V | start 81H
0 | 0 | 0 | 0 | 0 | 0
vector
DMAL1 start vector
DMA2 DMA2V5 | DMA2V4 | DMA2V3 | DMA2V?2 | DMA2V1 | DMA2V0
R/W
DMA2V | start 82H
o | o | o Jo0o | o | o
vector
DMAZ2-start vector
DMA3 DMA3V5 | DMA3V4 | DMA3V3 | DMA3V2 | DMA3V1 | DMA3VO0
R/W
DMA3V | start 83H
o | o /0o | o 1 o | o
vector
DMAZ3 start vector
CLRVs | cLRva | cLrv3 | crrv2 | ClrRvi | cLrvo
Interrupt 88H W
INTCLR | clear (Prohibit
control RMW) 9 | 0 | 0 | 0 | 0 | 0
Clear interrupt request flag by -writing DMA start vector
DMA 89H DMAR3 DMAR2 DMAR1 DMARO
software R/W R/W R/IW R/IW
DMAR (Prohibit
request RMW) 0 0 0 0
register 1: DMA request in software
DMA DMAB3 DMAB2 DMAB1 DMABO
burst
DMAB 8AH R/W R/W R/W R/W
request 0 0 0 0
register 1: DMA requesst on burst mode
7 = — = — IOEDGE I0LE NMIREE
W W W W W W
Interrupt 8CH 0 0 0 0 0 0 0 0
input : i
IMC p (Prohibit INTO INTO 1:Operation
mode RMW) edge 0: Edge even on
control Always write “0”. 0: Rising |[1: Level NMI
1: Falling rising
edge

Note: “Only one channel can be set-once for DMAR register. (Don'’t write “1” to plural bits.)
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(4) Chip select/wait control (1/2)
Symbol| Name | Address 7 6 5 4 3 2 1 0
BOE BOOM1 BOOMO BOBUS BOW?2 BOW1 BOWO
W W W W W W W
Block 0
CSIWAIT COH 0 0 0 0 0 0 0
BOCS (Prohibit |0: Disable 00: ROM/SRAM Data bus | Set number of wait
con-trol RMW) - Enable 01 width ' 000: 2 waits 100: Reserved
register 10 Y Don't selection |001: 1 wait 101: 3 waits
- [rontcare 0:16 bits | 010: (1+N) waits 110: 4 waits
11: 1: 8 bits | 011: 0.waits 111: 8 waits
B1E B10OM1 B1OMO B1BUS B1W?2 B1W1 B1WO
W W W W W W W
Block 1 C1H 0 0 0 0 0 0 0
BICS CS/W'IA'T (Prohibit |0: Disable 00: ROM/SRAM Datd bus\, 1'Set number of wait
con-tro RMW) - Enable o1: width ' 000: 2 waits 100: Resgrved
register 10: b Don't care selection_-{ 001: 1 wait 101: 3 waits
: 0:16 bits | 010: (1+N) waits . 110: 4 waits
11: 1: 8 bits | 011: 0 waits 1118 waits
B2E B2M B20OM1 B20OMO B2BUS B2W2 B2W1 B2WO
W W W W W W W W
Block 2
CS/WAIT C2H 1 0 0 0 0 0 0 0
B2CS | (Prohibit |0: Disable [0: 16-MB | 00: ROM/SRAM Data bus | Set number of wait
' RMW) - Enable area 01: width _ 000:2 wa!ts 100: Rese_rved
register LA 10: L Dont selection | 001:'1 wait 101: 3 waits
Area - [ Ronteare 0: 16 bits | 010: (14N) waits ~ 110: 4 waits
setting |1L: 1: 8 bits /| 011: 0 waits 111: 8 waits
B3E B3OM1 B3OMO B3BUS B3W2 B3W1 B3WO0
Block W W W W W W W
C;;NEIT C3H 0 0 0 0 0 0 0
B3CS | (Prohibit |0: Disable 00: ROM/SRAM Databus | Set number of wait
con-tro RMW) - Enable o1: width” 000: 2 waits 100: Reserved
register 10 > Don't care selection | 001: 1 wait 101: 3 waits
: 0: 16 bits  010: (1+N) waits  110: 4 waits
1L 1:8bits  [011: 0 waits 111: 8 waits
BEXBUS BEXW2 BEXW1 BEXWO
Ext | W W W W
xternal
CS/WAIT gA 0 g g 9
BEXCS (Prohibit Data bus | Set number of wait
control RMW) width 000: 2 waits 100: Reserved
register selection | 001: 1 wait 101: 3 waits
0:16 bits | 010: (1+N) waits  110: 4 waits
1: 8 bits 011: 0 waits 111: 8 waits
Memory 523 S22 521 S20 519 si8 | si17 | si16
MSARO start C8H RIW
address 1 T N T T
register 0 Start address A23 to A16 setting
Memory V20 vig | wvis | wviz | wvie | wvis | via-9 | vs
MAVIRD address coH R/W
mask 1 1 | 1 | 1 | 1 | 1 | 1 | 1
register 0 CSO0 block size.  0: The address compare logic uses this address bit
Memory S23 s22 | s21 | s20 | si9 | si8 | s17 | si6
MSAR1 start CAH RIW
address 1 1 | 1 | 1] 1 | 1| 1 | 1
register 1 Start address A23 to A16 setting
Memory V21 v2o | vio | wvis | wviz | wvie | vis~9 | v8
MAMET address CBH R/W
mask 1 1 | 1 | 1 | 1 | 1 | 1 |
register 1 CS1 block size.  0: The address compare logic uses this address bit

Note: TMP91CU27/CP27/CK27 don't include WAIT pin. Therefore, when select “(1 + N) waits”, operation is same

with “1 wait”.
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Chip select/wait control (2/2)

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

Memory S23 S22 S21 S20 S19 S18 S17 S16
tart

msaR2 | ° CCH RIW
address 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1
register 2 Start address A23 to A16 setting
Memory vo2 | var | veo | vie | wvis | waz. | wvie | wvis
address

MAMR2 CDH RIW
mask 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1
register 2 CS2 block size.  0: The address compare logic-uses this address bit
Memory s23 | so2 | so1 | s20 [is19 | sis | siz | sis
start

MSAR3 CEH RIW
address 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1
register 3 Start address A23 to A16-setting
Memory V22 | V21 | V20 | V19 | V18 | V17 | V16 | V15
address R

MAMR3 CFH Al
mask 1 |1 | | oo | o [
register 3 CS3 block size.  0: The address compare logic uses this address bit
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(5) Clock control
Symbol| Name | Address 7 6 5 4 3 2 1 0
XEN XTEN RXEN RXTEN RSYSCK WUEF PRCK1 PRCKO
R/W
1 0 1 0 0 0 o | o
High- Low- High- Low- Clock after [Warm-up |Select prescaler clock
System frequency |frequency |frequency [frequency |release of (WQP) 00: frpH
clock oscillator |oscillator |oscillator |oscillator |[STOP 0[‘;"2:: N 01: Reserved
SYSCRO control EOH (fc) (fs) (fc) after  |(fs) after |mode BN 10: fc/16
register 0 O:Sto;?pec.:l O:StoPpeq release of [release of |0: fc Warm-up 11: Reserved
1:Oscillation |1:Oscillation |stop mode [stop mode |1: fs Start
0:Stopped  |0:Stopped O.read: End
1:Oscillation |1:Oscillation of WUP
Lread:
Don't end
WUP
SYSCK GEAR2 GEAR1 | GEARO
R/W.
0 1 o | o
System Clock Select gear of high frequency clock
SYSCR1 clock e selection |000: fc
control 0: fc 001: fc/2
register 1 1:fs 010: fc/4
011:fc/8
100: fc/16
Others : Setting is prohibited
— WURTM1 [ WUPTMO [ HALTM1 | HALTMO DRVE
R/W R/W R/W R/W R/W R/W
System 0 1 0 1 1 0
SYSCR2 clock E2H Always WUP time for oscillator |[HALT mode 1: Drive the
control write “0".  |00: Setting is<prohibited|00: Setting is prohibited pin in the
register 2 01: 28/input frequency |01: STOP mode stop
10: 214/input frequency [10: IDLE1 mode mode
11: Zlelinput frequency [11: IDLE2 mode
PROTECT - ~ - ALEEN EXTIN [DRVOSCH|DRVOSCL
R R/W R/W R/W R/W R/W R/W R/W
EMC 0 0 1 0 0 0 1 1
EMCCRO (control E3H Protect flag| Always Always Always ALE Output|1: fc fc oscillator|fs oscillator
register O 0:OFF write-“0"._ |write “1".  [write “0". [0: Disable |external |drive ability|drive ability
1: ON 1: Enable |clock 1: Normal |1: Normal
0: Weak |0: Weak
EMC o y
EMCCRL] controf EaH Wrne 1FH": Protect OFF
. Write except “1FH": Protect ON
register.1

Note 1: If protection is on by writing except “1FH” code to EMCCRL register, write operations to the following SFRs

are not possible.
(1) CS/WAIT controller

BOCS, B1CS, B2CS, B3CS, BEXCS,

MSARO, MSAR1, MSAR2, MSARS3,

MAMRO, MAMR1, MAMR2, MAMR3

(2) Clock gear (EMCCRL1 can be written to)
SYSCRO, SYSCR1, SYSCR2, EMCCRO

Note 2: When using internal SBI, set SYSCRO<PRCK1:0> to “00".
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(6) 8-bit timer control (1/2)
(6 —1) TMRAOL
Symbol | Name |Address 7 6 5 4 3 2 1 0
TAORDE I2TA0O1 |[TAO1PRUN| TALIRUN [ TAORUN
R/W R/W R/W R/W R/W
8-bit timer 0 0 0 0 0
TAOIRUN | - 100H  |pouble IDLE2 TMRAOL  |Up- counter|Up-counter
buffer 0: Stopped |prescaler |(UC1) (UCO0)
0: Disable 1:Operation|0: Stop and-clear
1: Enable 1:'Run (Count up)
o 102H _
TAOREG |2 P IMer | (pronibit W
register RMW) Undefined
o 103H _
TAtREG [EPHEME | pronibit W
register RMW) Undefined
TAOIML | TAOIMO | PWMO1 | PWMOO /| TAICLK1 | TAICLKO |/ TAOCLKL | TAOCLKO
o R/W
8-bit timer 0 | 0 0 | 0 0 | 0 0 | 0
peration mode PWM cycle ource clock for TMRA1|Source clock for TMRA!
TA0IMOD [SOUree 104H |Operati d [ S lock f S lock f 0
CLK & 00: 8-bit timer 00: Reserved 00: TAOTRG 00: TAOIN pin input
mode 01: 16-bit timer 01: 2° 01: ¢T1 01: ¢T1
10: 8-hit PPG 10: 27 10: ¢T16 10: ¢T4
11: 8-bit PWM 11: 2° 11: $T256 11: ¢T16
TALFFC1 | TALFFCO | TALFFIE | TALFFIS
R/W R/W
8-bit imer | 105H 1 | 1 0 0
TA1FFCR |flip-flop (Prohibit 00: Invert TALFF 1: TALFF [Invertion by
control RMW) 01+ SET TAIFF invert 0: TMRAO
10: Clear TALFF enable 1: TMRA1
11: Don'’t care
(6-2) TMRA23
Symbol | Name | Address 7 6 5 4 3 2 1 0
TA2RDE 12TA23 [TA23PRUN| TA3RUN | TA2RUN
R/W R/W R/W R/W R/W
8-bit timer 0 0 0 0 0
TA23RUN | o N 108H  ‘[pouble IDLE2 TMRA23 |Up-counter |Up-counter
buffer 0: Stopped |prescaler |(UC3) (UC2)
0: Disable 1:Operation|0: Stop and clear
1: Enable 1: Run (Count up)
gbittimer | LOM. —
TA2REG register (Prohibit W
RMW) Undefined
8-bit timer Plr(())?}:-t')it —
TASREG | eqister ( w
RMW) Undefined
TA23M1 | TA23M0 | PWM21 | PWM20 | TA3CLK1 | TA3CLKO | TA2CLK1 | TA2CLKO
R/W
8-bit timer 0 | 0 0 | 0 0 | 0 0 | 0
TA23MOD Quee 10CH |Operation.mode PWM cycle Source clock for TMRA3| Source clock for TMRA2
CLK& 00: 8-bit timer 00: Reserved 00: TA2TRG 00: Reserved
mode 01: 16-bit timer 01: 2° 01: ¢T1 01: ¢T1
10: 8-bit PPG 10: 27 10: ¢T16 10: ¢T4
11: 8-bit PWM 11: 2° 11: $T256 11: $T16
TA3FFC1 | TA3FFCO | TA3FFIE | TA3FFIS
R/W R/W
8-bit timer 10DH 1 | 1 0 0
TA3FFCR (flip-flop (Prohibit 00: Invert TA3FF 1: TA3FF  |Invert by
control RMW) 01: SET TA3FF invert 0: TMRA2
10: Clear TA3FF enable 1: TMRA3
11: Don't care
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8-bit timer control (2/2)
(6 — 3) TMRA45
Symbol | Name |Address 7 6 5 4 3 2 1 0
TA4RDE 12TA45 |TA45PRUN| TAS5RUN | TA4RUN
R/W R/W R/W R/W R/W
8-bit timer 0 0 0 0 0
TA45RUN | b N 110H  |Double IDLE2 TMRA45  |Up-counter |Up-counter
buffer 0: Stopped  |prescaler. | (UC5) (UC4)
0: Disable 1: Operation |0: Stop and clear
1: Enable 1:Run(Count up)
TA4REG | PR timer (P];':(L)flli_:)it W
register
RMW) Undefined
8-bit timer 113'__| ) >
TASREG register (Prohibit W
RMW) Undefined
TA45M1 | TA45M0 PWM41 | PWM40 TAS5CLK1 | TAS5CLKO | TA4CLK1 | TA4ACLKO
RIW
8-bit timer o | o o | o o | .o o | o
TA45MOD Sc?_lﬂcg 114H Operati.on. mode PWM cycle Source clock for TMRAS |Source clock. fgr TMRA4
mode 00: 8-bit timer 00 : Reserved 00: TAATRG 00: TA4IN Pin input
01: 16-bit timer 01: 2° 01: ¢T1 01: ¢T1
10: 8-hit PPG 10;2° 10: ¢T16 10: ¢T4
11: 8-bit PWM 11; 2° 11: $T256 11: ¢T16
TASFFC1 | TAS5FFCO | TASFFIE | TASFFIS
R/W R/W
8-bittimer |  115H 1 |1 0 0
TASFFCR |flip-flop | (Prohibit 00: Invert TASFF 1: TASFF  |Invert by
control RMW) 01: SET TASFF Invert  |0: TMRA4
10: Clear TASFF enable 1: TMRA5
11: Don't care
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(7)  16-bit timer control
(7 — 1) TMRBO
Symbol | Name |[Address 7 6 5 4 3 2 1 0
TBORDE — 12TBO TBOPRUN TBORUN
R/W R/W R/W R/W R/W
16-bit timer 0 0 0 0 0
TBORUN |p 0 180H  |Double Always IDLE2 TMRB Up-counter
buffer write “0”. 0: Stopped/ |prescaler (UC10)
0: Disable 1:Operation|0: Stop and clear
1: Enable 1: Run (Count up)
TBOCT1 TBOET1 TBOCPOI | TBOCPM1.| TBOCPMO [ TBOCLE | TBOCLK1 | TBOCLKO
R/W W* R/W
16-bit timer | 182H 0 0 1 0 0 0 o | o
source TBOFF1 Inversion trigger |0: Software |Capture timing 1:UCO clear |Source clock
TBOMOD CLK & .
rode (Prohibit {0: Disable capture  |00: Disable enable ~[00: TBOINO input
RMW)  [1: Enable 1:Undefined|01: %, (TBOINO; TBOIN1) 01: ¢T1
Captureto |TBORG1 |Always 10: T, | (TBOINO) 10: ¢T4
TBOCP1 matching |read as “1” |11: 7, { (TA1OUT) 11: ¢T16
TBOFF1C1 [ TBOFF1CO | TBOC1T1 | TBOCOT1 | TBOE1T1 | TBOEQOTL TBOFFOCllTBOFFOCO
W* R/W W*
1831 1 1 0 0 | 0 0 1 | 1
16-bit timer 00: Invert TBOFF1 TBOFRFO invert trigger 00: Invert TBOFFO
TBOFFCR |flip-flop prohibit |01 Set TBOFF1 0: Disable 1: Enable 01: Set TBOFFO
control ( 10: Clear TBOFF1 Invert when” [Invert when [Invertwhen. |Invert when |10: Clear TBOFFO
RMW) |1 bont care thtle UC10 thcle ucio  |the Uhcm the uhc10 11: Don't care
a2l value.is value is matches matches wqqn
Always read as *11". loaded into  |loaded into  |with with Always read as *11".
TBOCP1H/L [TBOCPOH/L |TBORG1H/L [TBORGOH/L
16-bit timer 188H _
TBORGOL (register 0 (Prohibit W
Low RMW) Undefined
16-bit timer 189H -
TBORGOH |[register 0 (Prohibit W
High RMW) Undefined
16-bit timer 18AH —
TBORGIL (register 1 (Prohibit w
Low RMW) Undefined
16-bit timer 18BH -
TBORG1H |[register 1 (Prohibit W
High RMW) Undefined
16-bit timer _
TBOCPOL |C@PWIre 18CH R
register 0
Low Undefined
16-bit timer _
TBOCPOH_|CapPiure 18DH R
register 0
High Undefined
16-bit timer _
TBOCP1L |C3PWIre 18EH R
register 1
Low Undefined
16-bit timer _
TBOCP1H |CaPIUre 18FH R
register 1
High Undefined

Note: When programming “1” to TBOMOD<TBOCPOI> in condition of programmed “0”, present value of up-counter is

captured to TBOCPO register.
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(8) UART/serial channel control (1/2)
(8 — 1) UART/SIO channel 0
Symbol | Name |Address 7 6 5 4 3 2 1 0
Serial 200H RB7/TB7 | RB6/TB6 | RB5/TB5 | RB4/TB4 | RB3/TB3 [ RB2/TB2 | RB1/TB1 | RB0O/TBO
SCOBUF [channel 0| (Prohibit R (Receiving)/W (Transmission)
buffer RMW) Undefined
RB8 EVEN PE OERR | PERR | FERR SCLKS 10C
R R/W R (Cleared to 0 by reading) R/W
Undefined 0 0 0 0 0 0 0
Serial Receiving |Parity 1: Parity Overrun Parity error |Framing Edge Input clock
SCOCR |channel O 201H |databits |0: Odd enable |error 0: Not error selection |selection
control 1: Even 0: Not detected._|0: Not 0: SCLKO 1/0: Baud rate|
detected |1: Detected.| detected |1: SCLKO 4| generator
1: Detected 1: Detected 1: SCLKO
pin input
TB8 CTSE RXE WU SM1 SMO SC1 SCO
R/W
Serial 0 0 0 0 0 0 0 | 0
SCOMODO |channel 0| 202H  |Transmission 1: CTS 1: Receive |1: Wakeup /|00: I/O interface 00: TAOTRG
mode0 data bit8 enable enable enable—|01: 7-bit UART 01: Baud rate generator
10: 8-bit UART 10:-Internal clock (fsys)
11: 9-bit UART 11: External clock
(SCLKO input)
— BROADDE | BROCK1 BROCKO BROS3 | BR0OS2 BROS1 | BROSO
Serial R
channel 0 0 0 4 | g Q | 0 | 0 | 0
BROCR baud rate 203H | Always 1:(16-K)/16 [00:¢TO
control write “0”". divided - |01: ¢T2 Set'the dividing value “N” (0 to F) of baud rate
enable |10: ¢T8 generator.
11: $T32
Serial BROK3 | BROK2 | BROK1 | BROKO
BROADD chann.el 0 204H RIW
K setting 0 | 0 | 0 | 0
register Set the value of “K” (1 to F).
1250 FDPX0
RIW R/IW
0 0
Serial IDLE2 110
SCOMOD1 |channel 0|/ 205H |o: stop interface
model 1: Operation [0: Half
duplex
1: Full
duplex
(8 — 2) I'DA
Symbol-| Name |Address 7 6 5 4 3 2 1 0
PLSEL RXSEL TXEN RXEN SIRWD3 SIRWD2 SIRWD1 SIRWDO
R/W
oA 0 0 0 0 o | o | o | o
SIRCR | control 2074 |Transmission Receiving [Transmission|Receiving [Select effective pulse width
register pulse width |data logic |operation operation [Pulse width of more than and equal
0: 3/16 0: “H” pulse|0: Disable (0: Disable |“2x x (Setting value + 1)"+100ns
1:1/16 1: “L” pulse |1: Enable |1: Enable |Possible: 1to 14
Not possible: 0, 15
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UART/serial channel control(2/2)
(8 — 3) UART/SIO channel 1
Symbol | Name [Address 7 6 5 4 3 2 1 0
Serial 208H RB7/TB7 | RB6/TB6 | RB5/TB5 | RB4/TB4 | RB3/TB3 [ RB2/TB2 | RB1/TB1 | RBO/TBO
SC1BUF [channel 1| (Prohibit R (Receiving)/W (Transmission)
buffer RMW) Undefined
RB8 EVEN PE OERR | PERR | FERR SCLKS I0C
R R/W R (Cleared to 0 by reading) R/W
Undefined 0 0 0 0 0 0 0
Serial Receiving |Parity 1: Parity Overrun Parity error[Framing Edge Input clock
SCICR |channell| 209H |databit8 [0:Odd enable |error 0: Not error selection  |selection
control 1: Even 0: Not detected [0: Not 0: SCLK1 10: Baud rate
detected [1: Detected| ~detected [1: SCLK1 | generator
1: Detected 1: Detected 1:SCLK1
pin input
TB8 CTSE RXE WU SM1 SMO SC1 SCO0
R/W.
Serial 0 0 0 0 0 0 o | o
SC1MODO |channel 1| 20an  [Transmission(1: CTS 1: Receive [1: Wakeup_[00: I/O interface 00: TAOTRG
mode 0 data bit8 enable enable enable 01: 7-bit UART 01:(Baud rate generator
10: 8-bit UART 10: Internal clock (fsys)
11: 9-bit UART 11: External clock
(SCLK1 input)
— BR1ADDE [ BRICK1 BR1CKO BR1S3 | BR1S2 BR1S1 BR1S0
Serial RIW
0 0 o | o o. | o | o | o
BR1CR channel 1 20BH |Alwa 1:(16— :
baud rate ys :(16-K)/1600: $TO
control write “0”. divided |01:¢T2 Set the/dividing value “N” (0 to F) of baud rate
enable - [10: ¢T8 generator.
11: $T32
Serial BRIK3 | BR1K2 | BRIKL | BRIKO
BR1ADD chann.el 1 20CH R/W
K setting 0 | 0 | 0 | 0
register Set the value of “K” (1 to F).
12S1 FDPX1
R/W R/W
0 0
Serial IDLEZ2 10
SCIMOD1 |channel 1 /20DH |o: stop interface
model 1:Operation |0: Half
duplex
1: Full
duplex

Note 1: As all error flags SCXCR<OERR, PERR,FERR> are cleared after reading, do not test only a single bit with a

bit-testing instruction.

Note 2: The baud rate genetrator can be set N =“1” when UART mode and disable + (16 — K)/16 division function.

Don't use in I/O interface mode.
Note 3: Set BRXCR<BRxADDE> to “0” and disable + (16 — K)/16 division function in I/O interface mode.

91CU27-241

2008-01-24




TOSHIBA TMP91CU27/CP27/CK27
(9) I2C bus/serial channel control (1/2)
Symbol | Name |Address 7 6 5 4 3 2 1 0
SCKO
240H BC2 BC1 BCO ACK SCK2 SCK1 /SWRMON
(”C bus w RIW w w RIW
mode) 0 0 0 0 0 0 0/1
Select number of transfer bit Acknowledge Internal serial clock selector (When writing)
) (Prohibit |000: 8 001:1 010: 2 m°d_e 000: 5 001: 6 010: 7
Serialbus | pmw) [011: 3 100:4  101:5 |0 Disable 011:8 100: 9 101: 10
SBIOCR1 |interface 110: 6 111: 7 1: Enable 110: 11 111: Reserved
control SIOS SIOINH SIOM1 SIOMO SCK2 | SCK1 | SCKO
register 1 Zg?c')" W W W W W
( ) 0 0 0 0 o | o | o
mode) Transfer Forcing stop|Select transfer mode Select frequency of serial clock
control of transfer [00: 8-bit transmit 000: 4 001:5 010: 6
(Prohibit |0: Stop 0: Continue [01: Reserved 011:7 100:8 101: 9
RMW) |1: Start 1: Stop 10: 8-bit transmit/receiving 110: 10 111: External SCK input
11: 8-bit receiving
SBI 241H DB7 DB6 DB5 | DB4 DB3 DB2 | DB1 DBO
SBIODBR ga;ra (Prohibit R (Receiving)/W\(Transmission)
uffer
) RMW) Undefined
register
SsA6 | SA5 | sa4 /| sa3 sa2 |/ sa1 SAO ALS
I’C b 242H ¥
C bus H o | o | o ] o o | o 0 0
I2COAR |address (Prohibit Address
register RMW) ) recognition
Setting slave‘address 0: Enable
1: Disable
ADO/ LRB/
MST TRX BB PIN AL/SBIM1 [AAS/SBIMO SWRST1 SWRSTO
Serial b R/W
erial bus
h dlintert 0 0 0 1 0 0 0 0
When read jinterface 243H |0:Slave |[5:Receiver |BUS status |INTSBI Arbitration |Slave GENERAL |Monitor of
SBIOSR |status (C bus 1:Master | .. |monitor |request lost address CALL the last bit
register ' 0: Free monitor detection match detection received
mode) 1: Busy 0:)Request |monitor detection monitor 0:“0”
1: Cancel [1: Detect monitor 1: Detect |[1:"1"
(Prohibit 1: Detect
) RMW) Start/stop Serial bus interface Software reset generation:
Serial bus condition operating mode selection | . .. . .
. . write “10” and “01”, then an
When write [interface generation 00: Port mode ) ) )
SBIOCR? | control o1: SZIO mode |ntemalt rzset signal is
register 2 10: I°C bus mode generated.
11: (Reserved)
SIOF/SBIM1 |SEF/SBIMO — —
R/W W
\ 0 0 0 0
Serial bus Transfer Shift
When read {interface i
243H statgs operation
SBIOSR [control 10 monitor status
register ( g 0 Finished ~ |monitor
mode .
) 1: In operation |0: Finished
o 1:In
(Prohibit operation
_ RMW) Serial bus interface Always write| Always write
Serial bus operating mode selection [“0". “Q,
When write |interface 00: Port mode
SBIOCR2 |control 01: IO mode
: 10: I°C bus mode
register 2
9 11: (Reserved)
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12C bus/serial channel control (2/2)
Symbol | Name |Address 7 6 5 2 1 0
— 12SBI0
Seri
rial bus 244H W R/W
Interface 0 0
SBIOBRO baud rate
‘ (Prohibit Always IDLE2
register 0 RMW) write “0".  |0: Stop
1: Operating
P4EN -
Serial bus 245H W
. 0 0
interface
SBIOBR1 |baud rate | (Prohibit |C10%K Always
register 1 RMW) control write “0
0: Stop
1:Operating

Note 1: When use built-in SBI, set SYSCRO<PRCK1:0> to frpp.

Note 2: Set the SBIOCR1<BC2:0> to “000” before switching to-a clock-synchronous 8-bit SIO/mode.
Note 3: Switch a mode to Port mode after confirming that the bus/is free} And, switch from port mode to I°C bus mode

or SIO mode after confirming port conditon = “H".
Note 4: Set the transfer mode and the serial clock in SIO mode- after clearing SBIOCR1<SIOS> to-“0” and <SIOINH>
to “1".
Note 5: After reset, default value of SBIOCR1<SCKO0>is cleared “0”, and default value of <SWRMON?> is set “1".
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(10) AD converter control
Symbol | Name |Address 7 6 5 4 3 2 1 0
EOCF ADBF — — ITMO REPEAT SCAN ADS
R R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0
AD AD Always Always Interrupt 0: Single 0: Channel |AD
conversion |conversion |write “0”. write “0”. I . ) )
end flag busy flag specification | “conversion |fixed mode |conversion
AD ) . _ . channel 1:/Repeat 1:Channel [O: Don't care,
ADMODO | mode 2BOH 0:Conversion | 1:Conversion fixed repeat | conversion| scan mode|1: Start
register 0 in progress | in progress )
mode conversion
1:Conversion
lete 0: Every
com
P conversion
1. Every
fourth
conversion
VREFON 12AD ADTRGE [ ADCH2 ADCH1 ADCHO
R/W R/W R/W R/W
0 0 0 0 0 0
0: VREF off | IDLE2 External " [ Input channel selection
1: VREF on | 0: Stop trigger Fixed/Scan
AD 1: Operation start 000: ANO/ANO
ADMOD1 | mode 2B1H 0: Disable |001: ANT/ANO —AN1
register 1 .
1: Enable--{010:AN2/ANO — AN1 — AN2
011: AN3/ANO —» AN1 —» AN2 — AN3
100:
101: Don't select
110:
111:
AD result ADRO1 ADRO0O ADRORE
ADREGOA4L | register 2A0H R =
0/ low Undefined 0
AD result ADRO09 | ADRO08 ADRO7 ADRO06 ADRO5 ADRO0O4 ADRO3 ADRO2
ADREGO4H | register 2A1H R
0/4 high Undefined
AD result ADRIT | ADRIO ADRIRF
ADREGISL register 2A2H R R
1/5 low Undefined 0
AD result ADR19 | ADR18 ADR17 ADR16 ADR15 ADR14 ADR13 ADR12
ADREG15H | register 2A3H R
1/5 high Undefined
AD restilt ADR21 | | ADR20 ADRZRF
ADREG26L | register 2A4H R R
26 oy Undefined 0
AD result ADR29 | ADR28 ADR27 ADR26 ADR25 ADR24 ADR23 ADR22
ADREG26H/| register 2A5H R
2/6 high Undefined
AD result ADR3L | ADR30 ADR3RF
ADREG37L | register 2A6H R =
3/7 low Undefined 0
AD result ADR39 | ADR38 ADR37 ADR36 ADR35 ADR34 ADR33 ADR32
ADREG37H | register 2A7H R
3/7 high Undefined

Note 1: ADMODO<ADS> is always read as “0".

Note 2: When using ADTRG with ADMOD1<ADTRGE> = “1", do not set ADMOD1<ADCH2:0> = “011.

Note 3: When set ADMOD1<I2AD> to "0", operation is different by AD conversion mode after released HALT mode.
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(11) Watchdog timer control

Symbol | Name |[Address 7 6 5 4 3 2 1 0
WDTE WDTP1 WDTPO I2WDT RESCR —
R/W R/W R/W R/W R/W R/IW
WDT 1 ?5 0 0 0 0
WDMOD | mode 300H 1. WDT 00: 27/fsys IDLE2 l:internaly |Always
register enable |01: 2Y/fgvs 0: Stop connects | write “0”.
10: 2%%fgvs 1:Operation|. WDT out
11: 221/fsys to the
reset pin
301H —
WDT . W
WDCR (Prohibit
control B
RMW)
B1H: WDT disable 4EH: WDT clear

(12) Special timer for CLOCK

Symbol| Name |Address 7 6 5 4 3 2 1 0
- RTCSEL1 | RTCSELO | RTCRUN

Special R/W R/W R/W

timer for 0 0 | 0 0
RTCCR | CLOCK 310H | Always 00: 2%/fs 0:Stop and

control write “0”. 01: 2%/fs clear

register 10: 2%%fs 1:RUN

11: 2'Yfs
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6. Port Section Equivalent Circuit Diagram

o Reading the circuit diagram

Basically, the gate symbols written are the same as those used for the standard CMOS logic IC

“T4HCxx” series.

The dedicated signal is described below.

STOP: This signal becomes active “1” when the halt mode setting register is set to the STOP
mode (SYSCR2<HALTM1:0> = “0”, “1”) and the CPU executes the HALT instruction.
When the drive enable bit SYSCR2<DRVE> is set to “1”, stop remains at “0”.

e The input protection resistance ranges from several tens of ohms to several hundreds
of ohms.

n PO (ADO to AD7), P1 (AD8 to AD15, A8 to A15), P2 (A16 to/A21, AQ to A5), P60, P70 to P74, P80
to P83, P91 to P92 and P94 to P95

Vee
Output data P-ch
QOutput enable jDJi
STOP N
Input data: L1110

Input enable

m P30 (RD), P31 (WR)

Output

Output
STOP ~| >0—‘ N-ch
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m P32, P40 to P42

Vce
Output data P-ch
Vcee
Output enable 4 | Programmgble
STOP N-ch pull-up resistor
Input data —w {10
Input enable
m  P5 (ANO to AN3)
Analog input [>
Channel select ]I[
Analog input ] Input
I "
Input data
Input eable
m P63 (INTO)
Vee
Output data P-ch

Output enable Q}Ji
STOP N-ch

Input data o<} 06} 1 wo

Schmitt
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m P61 (SO/SDA), P62 (SI/SCL), P90 (TXDO) and P93 (TXD1)

Vce

Output data | - P-ch
Open drain output % \

enable

STOP

Input data W ] vo

Input enable
m P96 (XT1) and P97 (XT2)
Clock
Input enable N
Oscillation
Input data ,____-Qi"_CHi_t _______
I 1
! » P97 (XT2
Output data 2:)_' N-ch ! | o ( )
Output enable ' :
1
1 1 !
} ]
Input enable i f E | ? '
I 1
Input data (—0<]-O<:(_l—o<]J i :
Output data ! L] Pes(xT)
Output enable 133_”%7'\"0“ R =
STOP
Low
Frequency
oscillator
enable

m  NMI

NMI < oé} ] Input

Schmitt
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= AMO and AM1

Input data 0<} 1 nput

m ALE
Vce
Internal ALE P-ch
Output
Output enable N-ch
m RESET
Reset Input
Schmitt
WDTOUT :D_
Reset enable
(WDMOD<RESCR>)
m  X1and X2
Oscillation circuit
r———---—————---—————---———I
! > = [] x2
1
. P-ch !
High frequency: : E‘ y
oscillator enable . = F Rch !
STOP : 1
e 1
: —AW [1x1

Clock

m - AVCCand AVSS

VREFON _I>o
X p-ch

[] Avce

, Ladder resistor
1

[ Avss
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7. Notes and Restrictions

(1) Notation
1. The notation for built-in I/O registers is as follows: Register symbol<Bit symbol>
Example: TAOIRUN<TAORUN> denotes bit TAOIRUN of register TAOIRUN.

2. Read-modify-write instructions

An instruction in which the CPU reads data from memory and writes the data to the same
memory location in one instruction.

Example 1: SET 3, (TAOIRUN) ............... Set bit 3.of TAOTRUN.
Example 2: INC 1, (100H).......c..cocevevennen. Incrementthe data at 100H.

o Examples of read-modify-write instructions on the TLCS-900:

Exchange instruction
EX (mem),R

Arithmetic operations
ADD (mem), R/# ADC (mem), R/#
SUB (mem), R/# SBC (mem), R/#
INC #3, (mem) DEC #3, (mem)

Logic operations

AND (mem), R/# OR (mem), R/#
XOR (mem), R/#

Bit manipulation operations

STCF #3/A, (mem) | | RES #3, (mem)
SET #3, (mem) CHG #3, (mem)
TSET #3, (mem)

Rotate and shift operations

RLC " (mem) RRC (mem)
RL  (mem) RR  (mem)
SLA (mem) SRA - (mem)
SLL> (mem) SRL (mem)
RLD (mem) RRD (mem)

3. foscH, fe, fs, fFPH, fSYS and one state

The clock frequency input from X1 and X2 is referred to as fOSCH.
TMP91CU27/CP27/CK27 are not equipped with DFM. Therefore, fc equals foSCH. The
clock frequency input from XT1/XT2 pin is referred to as fc.

The clock selected by SYSCR1<SYSCK> is referred to as fFpPH. The clock frequency given
by frpH divided by 2 is referred to as fsys. One cycle of fSys is referred to as one state.
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(2) Notes
a. AMO and AM1 pins
This pin is connected to the DVCC pin. Do not alter the level when the pin is active.
b. Warm-up counter

The warm-up counter operates when STOP Mode is released, even if the system is using
an external oscillator. As a result a time equivalent to the warm-up time elapses between
input of the release request and output of the system clock.

¢. Programmable pull-up/pull-down resistor

The programmable pull-up/pull-down resistor can be turned ON/OFF by a program when
the ports are set for use as input ports. When the ports-are setfor'use as output ports, they
cannot be turned ON/OFF by a program.

The data registers (e.g., P4 register) are used to turn the pull-up resistors ON/OFF.
Consequently read-modify-write instructions are prohibited. Therefore, use Transfer
instruction.

d. Watchdog timer

The watchdog timer is enabled immediately after a reset is released. Disable the
watchdog timer when it is not to be used.

e. AD converter

The string resistor between the AVCC to AVSS pins can be cut by program so as to reduce
power consumption.

When STOP mode is used as reduce consumption power supply, disable the resistor using
the program before the HALT instruction is executed.

f. CPU (Micro DMA)
Only the LDC cr, r and LDC r, cr instructions can be-used to access the control registers
in the CPU (e.g., the transfer source address register (DMASn)).
g. Undefined SFR

The value of an'undefined bit in an SFR (Special function register) is undefined when
read.

h. POP SR.instruction
Please execute the POP SR instruction during DI condition.
i. Releasing the HALT mode by requesting an interruption

Usually, interrupts can release all halts status. However, the interrupts (NMI, INTO,
INTRTC) which can release the HALT mode may not be able to do so if they are input
during the period CPU is shifting to the HALT mode (for about 5 clocks of frpr) with IDLE1
or STOP mode (IDLEZ2 is not applicable to this case). (In this case, an interrupt request is
kept on hold internally)

If another interrupts is generated after it has shifted to HALT mode completely, halt
status can be released without difficulty. The priority of this interrupt is compared with
that of the interrupt kept on hold internally, and the interrupt with higher priority is
handled first followed by the other interrupt.
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8. Package Dimensions

LQFP64-P-1010-0.50D
Unit: mm

12.0£0.2

10.0+0.2
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QFP64-P-1414-0.80A
Unit: mm

17.2+£0.2
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48 33
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