TOSHIBA UNDER DEVELOPMENT TMP88C060

CMOS 8-BIT MICROCOMPUTER
TMP88CO60F

The 88C060 is the high-speed and high-performance 8-bit microcomputer, including eight multiple timer /
counters, a 10-bit A/D converter, serial interfaces (UART, I12C bus, and SIO). It can externally expand large
program memory / data memory (up to 1 Mbytes linear address space).

PART No. ROM RAM Package
TIVIP88CO60F ROM less 512 bytes LQFP80-P-1212-0.50A

FEATURES
@ 8-bit microcomputer TLCS-870/ X Series.
@ Minimum instruction execution time : 0.32 us (at 12.5 MHz)
® Instruction execution time can be changed to reduce power
consumption.
min. 0.32 us, 0.64 £s,1.28 s, 2.56 18, 5.12 s, 122 ps at 12.5 MHz
/32.768 kHz
@ External memory expansion
® Expanded up to 1M bytes (for both programs and data)
® Non-multiplexed bus (20 bits of address and 8 bits of data)
® Wait control
@ Bus arbitration control
@ 18 interrupt sources (External : 6, Internal : 12)
@ Input/Output ports (42 pins)
® High current output : 8 pins (typ. 20 mA), LED direct drive
€ Two 16-bit Timer/ Counters
® TC1:Timer, Event counter, Programmable pulse generator
output, Pulse width measurement, External trigger timer,
and Window modes.
® TC2 :Timer, Event counter, and Window modes.
@ Four 8-bit Timer/Counters
® TC3 :Timer, Event counter, and Capture for Remote control
signal decoding (Pulse width / duty measurement) modes.
® TC4 :Timer, Event counter, PWM outputs, and programmable
divider output modes.
® TC5 :Timer, PWM output, and programmable divider output
modes
® TC6 : Timer and Baud-rate generation for UART modes
@ Time Base Timer (Interrupt frequency : 1 kHz to 16384 kHz)
& Watchdog Timer
@ Divider output (frequency : 1 kHz to 8 kHz)
@ Two 8-bit Serial Interfaces
® 8-bit UART (Parity. framing. overrun error detection)
® 8-bit Serial Bus (I°C-Bus for multi-master system and SIO)

LQFP80-P-1212-0.50A

TMP88CO60F

Purchase of TOSHIBA I2C components conveys a license under the Philips 1°C Patent Rights to use these
components in an I°C system, provided that the system conforms to the I1°C Standard Specification as defined by
Philips.
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TOSHIBA UNDER DEVELOPMENT TMP88C060

@ 10-bit successive approximate type A/D converter
® 8 analog inputs
@ Conversion time : 59 xs at 12.5 MHz, 44 us at 4.2 MHz
@ Dual clock operation
@ Five Power saving operating modes
® STOP mode : Oscillation stops. Battery/ Capacitor back-up. Release by stop pin input.
@ SLOW mode: Low power consumption operation using low-frequency clock (32.8 kHz)
@ |IDEL1 mode : CPU stops, and Peripherals operate using high-frequency clock. Release by interrupts.
(CPU restarts)
@ |[DEL2 mode : CPU stops, and Peripherals operate using high and low frequency clock. Release by
interrupts.
® SLEEP mode : CPU stops, and Peripherals operate using low-frequency clock. Release by interrupts.
€ Wide operating voltage : 2.7t0 5.5V at4.2 MHz/32.8 kHz, 4.5t0 5.5V at 12.5 MHz/32.768 kHz
€ Emulation Pod : BM88C060F0A
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TOSHIBA UNDER DEVELOPMENT TMP88C060
PIN ASSIGNMENTS (TOP VIEW)
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TOSHIBA UNDER DEVELOPMENT TMP88C060
BLOCK DIAGRAM
P07 (CLK)
P06 (WAIT)
PO5 (BUSAK)
Data Bus Address Bus P04 (BUSRQ)
Read Write D7 A15 P03 (A19)
Signal  Signal to to to
RD WR DO A0 P00 (A16)
/A\ ~1
T 1T
External —_ \_ - - .
Memory ——>| External Memory interface Wait/Bus Arbitration Controller | m
Access pin ’\I’I
Power J VDD
Supply{vss | II Address / Data Bus —
Data Memory TLCS-870/X N2
RAM CPU CORE ﬂ Interrupt Controller
C MW W
Standby Time Base
Controller .
—_— Timer
Reset I/0 RESET System
TestPin  TEST Controller Watchdog )
Timing / Timer
Generator ~
Clock 10-bit 16-bit 8-bit 8-bit Serial
Gear
Xtal Righ Timer/Counters Timer/Counters Interfaces
Connecting XIN £ 9 Clock A/D Converter
pi XouTt regu TC1 | TC2 TC3 | TC4 l TCS | TC6 [>| UART IlZCBusl SIo
ins | Low [Generator] <7 e < FaS
( fregu
Y Remo-con
Receiver
Analog VAREF \#
Reference | vass S SN L N L
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. ~ A T~
- S - L L
P23 P77 (AIN7) P17 P37 P45
to to to to to to
P20 P70 (AINO) P10 P30 P40

(analog inputs)
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TOSHIBA

UNDER DEVELOPMENT

TMP88C060

PIN FUNCTION

Pin name

Input/ Output

Function

P07 (CLK)

P06 (WAIT)
P05 (BUSAK)

1/0 (Output)

8-bit programmable input / output ports
(tri-state).

Each bit of these ports can be individually
configured as an input or an output.
When used as a wait request input, a bus
release request input, an external

P04 (BUSRQ) /0 (Input)
P03 (A19) to POO (A16) | I/O (Output)
P17, P16 /0

interrupt input, or a timer counter input,
corresponding bit must be configured as
input . When used as a divided-by-4 clock

output, or a divider output, the output
latch must be set to “1” and

output. After reset, P03 to P00 are
address buses. When used as a port, these
ports must be set to the ports by EXPCR.

Divided-by-4 clock output

output, a bus acknowledge output, PPG|

corresponding bit must be configured as|.

4-bit input/ output port with latch.

P22 (XTOUT) . Xtal connecting pins (32.8 kHz). For inputting
----------------------------------- I/0 (Output) When us.ed as an nput port, a .resonator external clock, XTIN is used and XTOUT is
P21 (XTIN) connecting pin, an external interrupt
) \ opened
......................................................... Input, or a STOP mode re|ease |npUt, the EtltttSSTOPdl
P20 (INT5/STOP) I/0 (Input) |output latch must be setto "1". xlernal interrupt input > or mode release
signal input
AT N
P35 (INT4/TCA) o Fxternal interruptinput 4 or Timer/Counter 4
8-bit input / output port (large current|input
................................... I/O(Input) K R R R e LR LAEEERELEERLERREEE
P34 (INT3/TC3) output) with latch. External interrupt input 3 or Timer/Counter 3
......................................................... When used as an input port, PWM output, [input
P33 (PWIIS / PDOS) an exter.nal interrupt input, or a timer 8jb.it PWM output 5 or, 8-bit programmable
counter input, the output latch must be| divider output 5
................................... I/O (Output) Set to "1 " 8-bItPWMOUtUt4°r8-bltro rammable
P32 (PWNI4/ PDOA) ' it putfor S-bitprog
.......................................................... divideroutputd
P31, P30 1/0
P45 (SDA/S0) SIO data output
.................................... 12CbusdatallO ]
ba4 (SCL/SI 6-bit input / output port with latch. SIO data input
eLrsh vowoy |When used as an input port or a serial| 2Cbusclock VO, | ..
P43 (SCK) interface pin, the output latch must be set| SIO clock input/output . . . . |
Pa2(Txp) 01", UARTdataoutput
PaTRD) || UARTdatainput .
P40
8-bit programmable input / output port
(tri-state). Each bit of these ports can be
P77 (AIN7) individually configured as an input or an
to P70 (AINO) /0 (Input) [output. When used as an analog input, | A/D converter analog input (ch 7 to ch 0)

these ports must be set to the analog
input mode by P7CR and select the

channel in ADCCR.
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TOSHIBA UNDER DEVELOPMENT TMP88C060
Pin name Input/ Output Function
A15 10 AD Output | Lower address bus (external memory connect) ]
71000 [ 0 databus external memorycomeey)
RD Read strobe to an extrnal memory
e Output |+ e
WR Writestrobetoanextrnalmemory o]
EA Input ........ I.E;;c.é.r.r-{é.lnr.ﬁ;rﬁél.'yaccessinput. Be tied to low.
XIN, XOUT Input, Xtall conne.ctmg pins for hlgh-frequency clock. .
Output For inputting external clock, XIN is used and XOUT is opened.
RESET Vo Reset signal input or watchdog timer output/ address-trap-reset output/ system-clock-
reset output.
TEST Input Test pin for out-going test. Be tied to low.
VDD, VSS Power +5V,0V(GND)
\VAREF, VASS Supply Analog reference voltage for A/D converter (High, Low)
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TOSHIBA UNDER DEVELOPMENT TMP88C060

OPERATIONAL DESCRIPTION

1. CPU CORE FUNCTIONS
The CPU core consists of a CPU, a system clock controller, and an interrupt controller.
This section provides a description of the CPU core, the program memory, the data memory, the
external memory interface, and the reset circuit.
1.1 Memory Address Map
The TLCS-870 / X Series is capable of addressing 1M bytes of memory. Figure 1-1 shows the memory
address map of the 88C060. The memory of the 88C060 is organized with 3 address spaces such as
ROM, RAM SFR (Special Function Register). It uses a memory mapped I/O system, and all I/O registers
are mapped in the SFR address space. There are 16 banks of the general-purpose register. The register
banks are also assigned to the first 128 bytes of the RAM address space.
sFr [ 00000y 64 bytes Note : ROM; Read Only Memory includes
888‘3‘5 ] General-purpose Program memory
128 bytes register banks Vector tables
Internal 000BF  Jeveveeeeiiieeieceeenn (8 registers x 16 banks) RAM ; Random Access Memory includes
RAM OO?CO 384 bytes SD;tcak memory
0023F .
00240 General-purpose register
: banks
reserved SFR , Special Function Register
includes
/0 ports
8%: (I): 5 Peripheral control registers
: Peripheral status registers
System control registers
= = Interrupt control registers
External :
ROM / RAM Program Status Word
FFF3F  fooiiieeeeieee Vector table for vector call
0 | eabyes 1) insvucton 16 vector
FFF80
128 bytes ] Vector table for interrupts
FFFFF and reset (32 vectors)
Figure 1-1. Memory Address Map
1.2 Program Memory (ROM)
The 88C060 can address up to 1M bytes of external program memory space except the first 4K bytes
space (000004 to O0FFF).
The 88C060 does not have internal ROM. An external program memory must be connected.
1.3 Data Memory (ROM)

The 88C060 can address up to 1M bytes of data memory space. Data memory consists of internal data
memory (on-chip RAM) and external data memory (RAM and / or ROM). The 88C060 has 512 bytes of
static RAM. The first 128 bytes (000404 to 000BFy) of the internal RAM are also used as general-
purpose register banks.

The data memory contents become unstable when the power supply is turned on ; therefore, the data
memory should be initialized by an initialization routine.
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Example : Clears RAM to “004" except the bank 0.

LD HL, 0048H ; Setsstart address to HL register pair

LD A H ; Setsinitial data (00y) to A register

LD BC, 01F7H ; Sets number of byte to BC register pair
SRAMCLR : LD (HL+), A

DEC BC

JRS F, SRAMCLR

Note : The general-purpose registers are mapped in the RAM ; therefore, do not clear RAM at the
current bank addresses.

1.4 External Memory Interfaces
The 88C060 is interfaced to the external memory (ROM / RAM) via an address bus, a data bus and a

control bus. The address and data buses are separated, that is a non-multiplexed method.

Internal RD, WR 2
Internal databus =~ 8
Internal address bus ~ 20
2 []®D, WR
8 [Jo7t0D0
Bus controller 16 D A15 to AO
B Y [] Po3(a19)
4 4 to
Port 4 A P00 (A16)
PO RDOS s |MPX
o []B8USRQ
Bus arbitration controller D BUSAK
1 )
CPU core 4
Wai | [Jwarr
ait controller —
[Qcx
2 2 AOE19t0 16
BUSRQ | MEMS “|WAIT &KoE
2
WAITCR EXPCR
EXPS
Wait control register External access control register
Note : MPX ; Multiplexer 00032y 00031y

Figure 1-2. External Memory Interface

1.4.1 Control
The external memory interfaces are controlled by wait control register (WAITCR), external access

control register (EXPO, EXP3).
The type of waits is selected by WAIT (bit 1, 0 in WAITCR), and the target memory area is selected by
MEMS (bits 3 and 2 in WAITCR) for wait control. Bus arbitration is controlled by BUSRQ (bit 4 in

WAITCR).
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Writing a data to the external access control register (EXP0, EXP3), change EXPO, EXP3 using EXPS (bits
7 and 6 in WAITCR). The EXPO controls the divided-by-4 cock output and RD output. The EXP3 controls
whether address A19-16 pin that is also used as port P03-00 is used as a port or an address for 1 bit
each. In the respective bits of EXPO and EXP3, only CLKOE (bit 7 in EXP0) can be rewritten. The other
bits are written at once. Only CLKOE (bit 7 in EXPOQ) is read in EXP control register, regardless of the
value of EXPS (bits 7 and 6 of WAITCR).

WAIT Control Register
WAITCR 7 6 5 4 3 2 1 0

(00032,;) leussa |  wmems [ war | (nitial value : 00%0 0000)

00 : Wait disable
01 : 1-cycle wait (Regardless the WAIT status)
10 : 1-cycle wait (Sense the WAIT status)
11 : n-cycle wait (During the WAIT status “L")
00 : 10000 to FFFFFy
01 : 80000 to FFFFFy
10 : 00240 to FFFFFy

WAIT Wait mode selection

MEMS Wait target memory selection

R/W
11 : reserved
N 0 : Disable
BUSRQ Bus arbitration control
1: Enable
00 : EXPO
. 01 : reserved
EXPS EXPCR selection
10 : reserved
11 : EXP3
Note 1 : The wait must not be used in SLOW mode.
Note2 : *; don’tcare
External Access Control Register
EXPO 7 6 3 4 32, LA 0.
©0031) [awoe] “1v & 1 [woos | #1v f «1r ¢ “1v i 1r  (initial value 0110 1111)
Divided-by-4 clock output enable / 0: Disable
CLKOE . R/W
disable 1: Enable
— . 0 : RD output only for external memory access Write
RDOS RD output selection _
1: Always RD output only

Note : As the divided-by-4 clock output is enabled during n cycle wait that WAIT (bit 1, 0 in WAITCR) =11, the
divided-by-4 clock can be out in wait cycle. As the divided-by-4-clock output is enabled at other that wait
cycle, the divided-by-4 clock is always out.

EXP3 LA A S A : 2 ! 0
(000314) | aoe19 | aoers | aoe17 | ackts | (initial value : xxxx 1111)
. . . 0: P03 input/output port
AOE19 P03/ A19 pin configuration
1:A19 output
. . . 0: P02 input/output port
AOE18 P02/ A18 pin configuration .
1: A18 output Write
. . . 0: PO1input/output port only
AOE17 P01/A17 pin configuration
1: A17 output
. . . 0: POO input/output port
AOE16 P00/ A16 pin configuration
1:A16 output

Note : *:don’tcare

Figure 1-3. Wait Control Register, External Access Control Register
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1.4.2 Bus Controller
The 88C060 is interfaced to the external memory via the following buses.

(1) Address bus : A19to A0
The 20-bit address bus provides a 1M byte memory address space. A19 to A16 are also used as port
P03 to POO. It can select the ports for 1 bit each, using EXP control register.

(2) Data bus : D7 to DO
This is an 8-bit bidirectional data bus. During a write cycle, the CPU sends the write data on the data
bus. During an external memory read cycle (instruction fetch or data read), the CPU receives the
data from the external memory.

(3) Control bus : RD and WR
The RD is the read signal output, the WR is the write signal output. In an external memory read
cycle, the RD is level “L”. In an external memory write cycle, the WR is level “L”. In a dummy cycle
or an internal memory read / write cycle, both of RD and WR remain to be level "H".
The RD can output level “L” by EXP control register at an external / internal memory read.

88C060
/ Address bus } Address
A19t0 A0 1 decoder
External Chip select
Data bus
D7 to DO ROM
- t
WR *
External
RAM

ead dat ite dat
D7 to DO " output

A‘IgtoAO:X X X

Dummy cycle or

1

1 1 !

: ¢ External melmory _>:(_ Exterqal mer\ory _):(_ Internal memory read /
! read cycle ! write cycle H write cycle

Figure 1-5. Timing Chart for External Memory Interface
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1.4.3 Wait Controller
For an external memory access, wait mode can be selected from no wait, 1-cycle wait (regardless the
WAIT pin status / sense) and n-cycle wait mode. Additionally, it can select the memory of the target

wait.

(1) 1-cycle wait mode
Setting WAIT (bit 1, 0 in WAITCR) to 01 inserts a 1-cycle wait regardless of the WAIT pin status.
Setting these bits to 10 samples the WAIT pin status and inserts a 1-cycle wait as the WAIT pin status
is “L”, and no wait as the WAIT pin statusis "H".
The timing chart of 1-cycle wait is shown in figure 1-6.

A19t00 :X X )(
D710 0 { Din )—( : Dout — Dout }—

WAIT \/ \/ /

fe— wait —> e wait—>*

Figure 1-6. 1-cycle Wait

(2) n-cycle wait mode
Setting WAIT to “11" samples the WAIT pin status and inserts a n-cycle wait while the WAIT pin
statusis “L". The timing chart of n-cycle wait is shown in figure 1-7.

D700 Din_ )=  Dout —
WR E : : —\ : /i

g
|

-~ 2-cycle wait —> <—1 ;,%ﬂe —

Figure1-7. n-cycle Wait
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1.4.4 Bus Arbitration Controller
When the bus arbitration control is enabled and the bus arbitration request input from BUSRQ pin is
level “L", buses are arbitrated. During bus arbitration, the 88C060 sets Hi-z for A19 to A0, D7 to DO,
RD, and WR pins and level “L” for BUSAK pin. The access for an internal memory inserts no wait cycle.
The external access inserts wait cycles until the bus arbitration is ended.

A19-0 (internal) X X r'#‘é%:r&?} X méﬁgﬁgf X lﬂé%ﬁ?% X
A19-0 (pin) X ! ] 'O
W

D7-0 (pin) Din N Din

Hi-z
RD (pin) 5 : \ /
WR (pin) . —
BUSRQ (pin) ‘h\ / 7
BUSAK (pin) /

<— Bus arbitration —>

(a) Bus arbitration (no wait)

A19-0 (internal) X peenal X External memory ' X
. —_\ . (
A19-0 (pin) : A X
D7-0 (pin) f g ( o >
Hi-z :

Tt N — T\ /-

BUSRQ (pin) / /

BUSAK (pin) \ /

————  wait ———>

E‘—Bus arbitration

(b) Bus arbitration (wait)

Figure 1-8. Bus Arbitration
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1.5 System Clock Controller
The system clock controller consists of a clock generator, a clock gear, a timing generator, and a stand-
by controller.

Clock gear control register Timing generator control register

CGCR TBTCR

......... Clock .. 000304 00036
: generator : ﬁ
ife fegek

High-frequency

Clock gear Timing

clock oscillator : generator ]

JEAEE

Stand-by controller

¢ System clocks
Low-frequency 00038}, 00039
‘ clock oscillator | svyscri | | syscr2 |
Clock generator control System control registers

Figure1-9. System Clock Control

1.5.1 Clock Generator

The clock generator generates the basic clock which provides the system clocks supplied to the CPU
core and peripheral hardware. It contains two oscillation circuits : one for the high-frequency clock
and one for the low-frequency clock. Power consumption can be reduced by switching of the system
clock controller to low-power operation based on the low-frequency clock.

The high-frequency (fc) and low-frequency (fs) clocks can easily be obtained by connecting a resonator
between the XIN/ XOUT and XTIN / XTOUT pins respectively. Clock input from an external oscillator is
also possible. In this case, external clock is applied to XIN / XTIN pin with XOUT / XOUT pin not
connected. The 88C060 are not provided a RC oscillation.

it High-frequency clock =—=====------- T il Low-frequency clock -==-==-==----- 1
1 1 I 1
1 1 1 1
I XIN XOUT XIN Xout | I XTIN XTOUT XTIN XTOUT i
1 1 1 1
: . |
i (open) | i (open) i
1 1 1 1
: [] L [] !
i i | |
i l | i
1 1 1 1
I I a
1 1 1 1
i (@) Crystal / Ceramic (b) External oscillator | i (c) Crystal (d) External oscillator |
:L resonator J: i_ J:

Figure 1-10. Examples of Resonator Connection

Note : Accurate Adjustment of the Oscillation Frequency
Although no hardware to externally and directly monitor the basic clock pulse is not
provided, the oscillation frequency can be adjusted by making the program to output fixed
frequency pulse (ex.CLK output) to the port with disabling all interrupts and watchdog
timers, and monitoring this pulse. With a system requiring adjustment of the oscillation
frequency, the adjusting program must be created beforehand.
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1.5.2 Clock gear
The clock gear is a circuit to select a gear clock fcgck, that is the basis of the main system clock supplied
to the timing generator, from high-frequency clock fc, or the divided clock fc/2, fc/4, f¢/8, or fc/16.
Power consumption can be reduced by switching of the high-frequency from fc to fc¢/2, fc/4, ¢/8, and
fc/16 with the clock gear using.
The clock gear consists of a 4-stage prescaler with a multiplexer.

prescaler

High frequency ) 1(2(3]4

clock
fc/16

fc/8
fc/d
fc/2
fc

fegek

Y ———==—> Timing generator

> w N g m

ﬁ 00030y

Clock gear control register Note : MPX ; Multiplexer

Figure 1-11. Configuration of Clock Gear

CGCR 7 6 5 .. 4. 3 2 1 0
DVCK] DV1CK FCGCK Initial value : 1
(00030, [ o  Jeweo| | . : . | (nitial value : 000« 1000)
FCGCK | Gear clock selection (write) Ox*=* : reserved
/ gear clock monitor (read) 1000 : fc

1001 : fc/2
1010 : fc/4
1011 : fc/8 RIW
1100 : fc/16

1101 : reserved
111% :reserved

Note 1 : fc, High-frequency clock, * ; don’t care
Note2 : Bit4in CGCRis alwaysreadinas “1” when a read instruction is executed.

Figure 1-12. Clock Gear Control Register
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fc

fc/16

fcgck

FCGCK

Instruction
execution

| | || | |
X

1000 : X 1100

éX SET (ECGCR).ZE é : X X X

fegek = fc gear clock changing fegck =fc/16

Figure 1-13. Example of Clock Exchangeable Timing by Clock Gear

1.5.3 Timing Generator
The timing generator generates the various system clocks supplied to the CPU core and peripheral
hardware from the gear clock (fcgck) or the basic clock (fc or fs). The timing generator provides the
following functions.

®
@
©)
@
®
)

n

Generation of main system clock (fm)

Generation of divider output (DVO) pulses

Generation of source clocks for time base timer

Generation of source clocks for watchdog timer

Generation of internal source clocks for timer/ counters TC1-TC6
Generation of warm-up clocks for releasing STOP mode

Configuration of timing generator

The timing generator consists of a 3-stage prescaler, a 21-stage divider, a main system clock
generator, and machine cycle counters.

The clock fc/4 or f¢/8, that is output from the 2nd stage or the 3rd stage of the prescaler, can be
selected as the clock to input to the 1st stage of the divider by DV1CK (bit 5 in CGCR). Inputting fc/8
to the 1st stage of the divider operates the peripheral circuit without the setting change when the
operation clock is multiplied by 2. (Example : 8 MHz to 16 MHz)

Even if the main system clock is changed by the clock gear, the output from the divider is not
changed. The peripheral circuit using high-speed divider output (1st to 4th output) can not be used
when the main system clock slows down. In this case, setting DVCK (bits 7 and 6 in CGCR) can
change high-speed divider output to low-speed divider output. The DVCK should be set according
to the lowest speed of the clock gear and divider output used for the peripheral circuit prior to
starting the peripheral circuits. Do not change the set value after setting.

An input clock to the 7th stage of the divider depends on the operating mode, DV1CK (bit 5 in
CGCR), and DV7CK (bit 4 in TBTCR), that is shown in table 1-2. As reset and STOP mode started /
canceled, the prescaler and the divider are cleared to “0”.
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. fcgck or fs . ——+—> Machine cycles
Gear clock fegek main system clock selector machine cycle counters / Status
SYSCK )
DV7CK
DV1CK [>o
prescaler divider S divider
A
High-frequency sfC o1 1(2(3|4[5(6 BY 7]8|9 101112131A|15161718192021
clock Tl VIPX
MPX >[>[>|>
Low-frequency S o[olo|a S MPX
clock B0
B1
A0 YOP=
ABCD A1 Y1p(Stand-by
DVCK ra S controller
7
Mpx LY1.Y2 Y3
| Watchdog
< DV2G timer
< DVI1G
DV3G
Timer/ Time Base
counters Timer
Divider
Note : MPX ; Multiplexer output
circuit

Figure 1-14. Configuration of Timing Generator

Note 2 : Bit 4in CGCR is always read as “1” when a read instruction is executed.

6 5 . 4. 3 2 1 0
(Oc(:)g??gH) | DVCK | DV1CK | ____________ | , (FCGCK) | (Initial value : 000* 1000)
DV1G DV2G DV3G
. . 00: DV1 DV2 DV3
DVCK Selection of divider output DV1G 01: DV2 DV2 DV3
to DV3G 10: DV3  DV3  DV3 RIW
11: Dv4 Dv4a Dva
DVICK Selection of input clock to the 0: fc4
1st stage of the divider 1:fu8
Note 1: fc : High-frequency clock [Hz], *: don’t care

Figure 1-15. Clock Gear Control Register
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TBTCR e 3 2 1 2
(00036y) |(DVOEN)| (DVOCK) | DV7CK | (TBTEN) | (TBTCK) . | (Initial value : 0%x*0 Oxx*%*)
Selection of input clock tothe |0 : fc/28 or fc/2° [Hz]
Dv7CK 7 th stage of thpe divider 1:fs RIW
Note 1: fc : High-frequency clock [Hz], fs : Low-frequency clock [Hz], *: don’t care
Note 2 : Do not set DV7CK to “1” in the single clock mode.
Note 3 : Do not set DV7CK to “1” before low-frequency clock is stable in the dual-clock mode.
Figure 1-16. Timing Generator Control Register
Table 1-1. Divider Output Capability
Divider output capability
DVCK Gear clock frequency DV1CK=0 DVICK =1
DV1G | DV2G | DV3G | DVv4 DV5 | DV1G | DV2G | DV3G | DV4 DV5
fcgek = fc X @) @) @) @) @) @) O O O
fegek = fe/2 X X O O O X O O O @)
00 fegek = fe/a X X X O O X X O O @)
fegck = fo/8 x X X X O X X X O O
fegek = fe/16 X X X X X X X X X ©)
fegek = fc O O O O O O O O O O
fegek = for2 X X O O ©) O O O O O
01 fegek = fe/a X X X O O X X O O ©)
fegek = f¢/8 X x x x @) x x x @) O
fcgck = fc/16 X X X X X X X X X @)
fegek = fc O O O O O O O O O O
fegek = fe/2 O O O O O O @) @) @) @)
10 fegek = fo/d x X x O O ©) ©) O O O
fegek = 1¢/8 X x x x @) x x x ©) O
fcgek = fc/16 X X X X X X X X X @)
fegek = fc O O O O O O O O O O
fegek = fe/2 O O O O O O @) ©) ©) ©)
11 fegck = fc/4 O O O O O O O O O O
fegck = fo/8 x X X X O O O O O O
fcgek = fe/16 X X X X X X X X X ©)
Table 1-2. Input Clock to 7th Stage of The Divider
Single-clock mode Dual-clock mode
NORMAL1, IDLE1 mode NORMAL2, IDLE2 mode (SYSCK = 0) SLOW, SLEEP
DV7eR=9 DV7CK =1 mOde(SYSCK =1)
bvick=o0 pvick=1 DV1CK=0 | DVICK=1 - B
fes28 fe/2° fe/28 fc/2° fs fs
Note1 : DonotsetDV7CKto “1”in the single clock mode.
Note2 : In SLOW and SLEEP mode, the input clock to the 1st stage of the
divider is stopped, output from the 1st to 6th stages is also stopped.
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(2) Machine cycle
Instruction execution and peripheral hardware operation are synchronized with the main system
clock.
The minimum instruction execution unit is called an “machine cycle”. There are a total of 15
different types of instructions for the TLCS-870/X Series : ranging from 1-cycle instructions which
require one machine cycle for execution to 15-cycle instructions which require 15 machine cycles for
execution.
A machine cycle consists of 4 states (50 to $3), and each state consists of one main system clock.

1/fcgck or 1/fs [s]
>

1
Main system clock _| |

[ J 4 1 45 1 L4 L

1
state | so S1 52 53 so | st | s2 | s3 |
i
re——————Machine cycle—>i
1
Figure 1-17. Machine Cycle
Table 1-3. Example of Machine Cycle
Frequency Machine cycle
. fegek =fc fcgck =fc/2 | fegck=fc/d | fegck =fc/8 | fegek =fc/16
High-frequency
lock fc=12.5MHz 0.32 us 0.64 us 1.28 us 2.56 us 5.12 us
cloc
fc=4.2 MHz 0.95 us 1.9 us 3.8 us 7.6 us -
Low-frequency
fs=32.768 kHz 122 s
clock

1.5.4 Stand-by Controller
The stand-by controller starts and stops the oscillation circuits for the high-frequency and low-
frequency clocks, and switches the main system clock. There are two operating modes : single-clock
and dual-clock. These modes are controlled by the system control registers (SYSCR1 and SYSCR2).
Figure 1-18 shows the operating mode transition diagram and Figure 1-19 shows the system control
registers.

(1) Single-clock mode
Only the oscillation circuit for the high-frequency clock is used, and P21 (XTIN) and P22 (XTOUT)
pins are used as input/output ports. In the single-clock mode, the machine cycle time is 4/fcgck [s].

@ NORMAL1 mode
In this mode, both the CPU core and on-chip peripherals operate using the high-frequency clock.
The 88C060 is placed in this mode after reset.

@ IDLE1 mode

In this mode, the internal oscillation circuit remains active. The CPU and the watchdog timer are
halted ; however on-chip peripherals remain active (operate using the high-frequency clock).
IDLE1 mode is started by the system control register 2 (SYSCR2), and IDLE1 mode is released to
NORMAL1 mode by an interrupt request from the on-chip peripherals or external interrupt
inputs. When the IMF (interrupt master enable flag) is “1” (interrupt enable), the execution will
resume with the acceptance of the interrupt, and the operation will return to normal after the
interrupt service is completed. When the IMF is “0” (interrupt disable), the execution will
resume with the instruction which follows the IDLE1 mode start instruction.
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@ STOP1 mode

In this mode, the internal oscillation circuit is turned off, causing all system operations to be
halted. The internal status immediately prior to the halt is held with a lowest power
consumption during STOP1 mode.

STOP1 mode is started by the system control register 1 (SYSCR1), and STOP1 mode is released by
a inputting (either level-sensitive or edge-sensitive can be programmably selected) to the STOP
pin. After the warming-up period is completed, the execution resumes with the instruction
which follows the STOP1 mode start instruction.

(2) Dual-clock mode

Both the high-frequency and low-frequency oscillation circuits are used in this mode. P21 (XTIN)
and P22 (XTOUT) pins cannot be used as input / output ports. The main system clock is obtained
from the high-frequency clock in NORMAL2 and IDLE2 modes, and is obtained from the low-
frequency clock in SLOW and SLEEP modes. The machine cycle time is 4/fcgck [s] in the NORMAL2
and IDLE2 modes, and 4/fs [s] (122 us at fs =32.768 kHz) in the SLOW and SLEEP modes.

The TLCS-870/X is placed in the signal-clock mode during reset. To use the dual-clock mode, the
low-frequency oscillator should be turned on by executing [SET (SYSCR2), XTEN] instruction.

@ NORMAL2 mode
In this mode, the CPU core operates using the high-frequency clock. On-chip peripherals
operate using the high-frequency clock and / or low-frequency clock.

@ SLOW mode
This mode can be used to reduce power-consumption by turning off oscillation of the high-
frequency clock. The CPU core and on-chip peripherals operate using the low-frequency clock.
Switching back and forth between NORMAL2 and SLOW modes are performed by the system
control register 2 (SYSCR2).

@ IDLE2 mode
In this mode, the internal oscillation circuit remain active. The CPU and the watchdog timer are
halted ; however, on-chip peripherals remain active (operate using the high-frequency clock and
/ or the low-frequency clock). Starting and releasing of IDLE2 mode are the same as for IDLE1
mode, except that operation returns to NORMAL2 mode.

@ SLEEP mode
In this mode, the internal oscillation circuit of the low-frequency clock remains active. The CPU,
the watchdog timer, and the internal oscillation circuit of the high-frequency clock are halted ;
however, on-ship peripherals remain active (operate using the low-frequency clock). Starting
and releasing of SLEEP mode are the same as for IDLE1 mode, except that operation returns to
SLOW mode.

® STOP2 mode
As in STOP1 mode, all system operations are halted in this mode. As in NORMAL2 mode at the
start, the operating mode returns to NORMAL2 mode, and as in SLOW mode at the start, it
returns to SLOW mode after release.
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RESET1
reset release
instruction instruction
IDLE1 € NORMAL1 STOP1
mode [—> mode mode
interrupt STOP pininput
(a) Single-clock mode
instruction
instruction
IDLE2 NORMAL2
mode mode instruction
interrupt
r':é,fl STOP pin STOP2
input . mode
on NPy Lot/
instruction =~ F
SLEEP SLOW g \
- instruction
mode mode s
interrupt

(b) Dual-clock mode

Note : NORMAL1 and NORMAL2 modes are generically called NORMAL ;
STOP1 and STOP2 are called STOP ; and IDLE1, IDLE2 and SLEEP are
called IDLE.
. Frequency On-chi Machine cycle
Operating mode - CPU core . 'p ' 4
High-frequency | Low-frequency Peripherals time
< RESET reset reset
° turning on
9 NORMAL1 oscilla%ion turning off Operate 4rfegek [s]
) oscillation operate
< IDLE1
w
turning off halt
STOP1 oscillation halt —
NORMAL2 . igh-
turning on High-frequency operate
~ | ipLER oscillation (High and / or Low) 4ffegek [s]
8 turning on halt
(9] oscillation
= [sLow Low-frequency
>
&) turning off Low-frequency 4/fs [s]
SLEEP oscillation
turning off halt
STOP2 oscillation halt —

Figure 1-18. Operating Mode Transition Diagram
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System Control Register 1
6 5 4 3 2 1 0

SYSCR1

(00038,.) | stor | e [ rem [ 1w | wur | (Initial value : 0000 00%x)
0 : CPU core and peripherals remain active
STOP STOP mode start 1 : CPU core and peripherals are halted
(start STOP mode)
RELM Release method 0 : Edge-sensitive release
for STOP mode 1: Level-sensitive release
Operating mode 0 : Return to NORMAL mode
RETM after STOP mode 1: return to SLOW mode RW
Return to NORMAL mode Return to
Warming-up time at DV1CK =0 DV1CK =1 SLOW mode
WUT | releasing STOP mode 00 3x2"%/fc 3x2"/fc 3x2/fs
01 2'¢/f¢ 2"7Hfc¢ 2"3/fs
10 3 x2"/fc 3x2%/fc¢
11 2Y/fc 2"5/fc¢

Note1:  Alwaysset RETM to “0” when transiting from NORMAL mode to STOP mode. Always set RETM to
”1” when transiting from SLOW mode to STOP mode.

Note2:  When STOP mode is released with RESET pin input, a return is made to NORMAL regardless of
the RETM contents.

Note3:  fc; High-frequency clock [Hz]
fs; Low-frequency clock  [HZ]
* ; Don’t care

Note4:  Bits1and0inSYSCR1 are read as undefined data when a read instruction is executed.

Note5:  Alwayssetbit4inSYSCR1 to “1” when STOP mode is started.

System Control Register 2

7 6 5 4 3 2 1 0
Y Rz .......... [REEREERER ARERRLEEEH prenesieaes : . )
00030,y [xen Dxren [svsae iowe | 77T dnitialvalue: 1000 weve)
XEN High-frequency oscillator 0 : Turn off oscillation
control 1: Turn on oscillation
XTEN Low-frequency oscillator 0 : Turn off oscillation
control 1: Turn on oscillation

Main system clock select
SYSCK  |(write) / main system clock

0 : High-frequency clock
1
monitor (read)

: Low-frequency clock

0 : CPU and watchdog timer remain active

IDLE IDLE mode start .
1 : CPU and watchdog timer are stopped (start IDLE1 mode)

Note 1:  XEN and SYSCK are automatically overwritten in accordance with the contents of RETM (bit 5 in
SYSCR1) when STOP mode is released.

RETM operating mode after STOP mode XEN SYSCK
0 NORMAL 1/2 mode 1 0
1 SLOW mode 0 1

Note2:  Aresetisapplied (RESET pin output goes low) if both XEN and XTEN are cleared to “0”, XEN is cleared
to “0” when SYSCK =0, or XTEN is cleared to "0” when SYSCK =1.

Note3: *;don’tcare

Noted4:  Bits3to0inSYSCR2 are always read in as “1”when a read instruction is executed.

Figure 1-19. System Control Registers
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1.5.5 Operating Mode Control
(1) STOP mode (STOP1, STOP2)
STOP mode is controlled by the system control register 1 (SYSCR1) and the STOP pin input. The
STOP pin is also used both as a port P20 and an INT5 (external interrupt input 5) pin. STOP mode is
started by setting STOP (bit 7 in SYSCR1) to “1”. During STOP mode, the following status is
maintained.

@ Oscillations are turned off, and all internal operations are halted.

@ The data memory (except for DBR), registers, the program status word and port output latches
are all held in the status in effect before STOP mode was entered.

@ The prescaler and the divider of the timing generator are cleared to “0".

@ The program counter holds the address of the instruction but one to the instruction (e.g. [SET
(SYSCR1).71) which started STOP mode.

STOP mode includes a level-sensitive mode and an edge-sensitive mode, either of which can be
selected with the RELM (bit 6 in SYSCR1).

a. Level-sensitive mode (RELM ="“1")
In this mode, STOP mode is released by setting the STOP pin high. This mode is used for
capacitor back-up when the main power supply is cut off and long term battery back-up.
When the STOP pin input is high, executing an instruction which starts STOP mode will not place
in STOP mode but instead will immediately start the release sequence (warm-up). Thus, to start
STOP mode in the level-sensitive release mode, it is necessary for the program to first confirm
that the STOP pin inputis low. The following two methods can be used for confirmation.

@ Testing a port P20.
@ Using an external interrupt input INT5 (INT5 is a falling edge-sensitive input).

Example 1: Starting STOP mode from NORMAL mode by testing a port P20.
LD  (SYSCR1),01010000B ; Setsup the level-sensitive mode

SSTOPH: TEST (P2).0 ; Wait until the STOP pin input goes low level
JRS F,SSTOPH
SET (SYSCR1).7 ; Starts STOP mode

Example 2 : Starting STOP mode from NORMAL mode with an INT5 interrupt.

PINT5: TEST (P2).0 ;  Toreject noise, STOP mode does not start if
JRS  F,SINT5 port P20 is at high
LD  (SYSCR1),01010000B ; Setsup the level-sensitive mode.
SET  (SYSCR1).7 ;  Starts STOP mode

SINT5: RETI
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1
STOP pin \ ‘ 7,£ Vin \
i ” i
46 i
XOUT pin '
1
NORMAL i STOP i ' NORMAL
operation operation ’ 5 ‘ Warm-up : operation
Confirm by program that the STOP mode is released by the hardware.
STOP pininput is low and start Always released if the STOP
STOP mode. . L
pininput is high.
Figure 1-20. Level-sensitive Mode
Note1 : Evenifthe STOP pininputislow after warming up start, the STOP mode is not restarted.
Note2 : |Inthiscase of changing to the level-sensitive mode from the edge-sensitive mode, the release
mode is not switched until a rising edge of the STOP pin input is detected.

b. Edge-sensitive mode (RELM ="0")
In this mode, STOP mode is released by a rising edge of the STOP pin input. This is used in
applications where a relatively short program is executed repeatedly at periodic intervals. This
periodic signal (for example, a clock from a low-power consumption oscillator) is input to the
STOP pin. In the edge-sensitive mode, STOP mode is started even when the STOP pin input is
high level.

Example: Starting STOP mode from NORMAL mode
LD (SYSCR1), 10010000B;  Starts after specified to the edge-sensitive
mode

{(

1 27
\ Vin \
{C

STOP pin q !
£ ! /L
XOUT pin ! m
1
NORMAL | STOP i ' ! STOP
; i —— e Warm-up —le b S —
operation operation NORMAL operation
STOP mode started operation

by the program.
STOP mode is released by the hardware at the rising
edge of STOP pin input.

Figure 1-21. Edge-sensitive Mode
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STOP mode is released by the following sequence.

® In the dual-clock mode, when returning to NORMAL2, both the high-frequency and low-
frequency clock oscillators are turned on ; when returning to SLOW mode, only the low-
frequency clock oscillator is turned on. In the signal-clock mode, only the high-frequency clock
oscillator is turned on.

@ A warm-up period is inserted to allow oscillation time to stabilize. During warm-up, all internal
operations remain halted. Four different warming-up times can be selected with the WUT (bits
2 and 3 in SYSCR1) in accordance with the resonator characteristics.

@ When the warm-up time has elapsed, normal operation resumes with the instruction following
the STOP mode start instruction (e.g. [SET (SYSCR1). 7]). The start is made after the prescaler and
the divider of the timing generator are cleared to “0”.

Table 1-4. Warm-up Time Example (at fc=12.5 MHz, fs=32.768 kHz)

Warm-up Time [ms]
WUT e =R(t)a-turn to NORMAL modgv1 — Return to SLOW mode
00 15.729 31.457 750
01 5.243 10.486 250
10 3.932 7.864 —
11 1.311 2.621 —

Note : The warming-up time is obtained by dividing the basic clock by the divider :
therefore, the warm-up time may include a certain amount of error if there is
any fluctuation of the oscillation frequency when STOP mode is released.
Thus, the warm-up time must be considered an approximate value.

STOP mode can also be released by inputting low level on the RESET pin, which immediately
performs the normal reset operation.
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Note : When STOP mode is released with a low hold voltage, the following cautions must be observed.
The power supply voltage must be at the operating voltage level before releasing STOP mode. The
RESET pin input must also be “H” level, rising together with the power supply voltage. In this case, if
an external time constant circuit has been connected, the RESET pin input voltage will increase at a
slower pace than the power supply voltage. At this time, there is a danger that a reset may occur if
input voltage level of the RESET pin drops below the non-inverting high-level input voltage
(hysteresis input).

(2) IDLE mode (IDLE1, IDLE2, SLEEP)

IDLE mode is controlled by the system control register 2 (SYSCR2) and maskable interrupts. The
following status is maintained during IDLE mode.

@® Operation of the CPU and watchdog timer (WDT) is halted. On-ship peripherals continue to
operate.

@ The data memory, CPU registers, program status word and port output latches are all held in the
status in effect before IDLE mode was entered.

@ The program counter holds the address of the instruction but one to the instruction which starts
IDLE mode.

Y

Starting IDLE mode
by instruction

CPU, WDT are halted

e ——
Reset input
No
No Interrupt request

Normal Yes
release mode,

No

Reset

Yes (Interrupt release mode)

Interrupt processing

—]

Execution of the
instruction which follows
the IDLE mode start
instruction

<

Figure 1-23. IDLE Mode

Example : Starting IDLE mode.
SET (SYSCR2).4 ; IDLE&1
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IDLE mode includes a normal release mode and an interrupt release mode. Selection is made with the
interrupt master enable flag (IMF). Releasing IDLE mode returns from IDLE1 to NORMAL1, from IDLE2
to NORMAL2, and from SLEEP to SLOW mode.

a. Normal release mode (IMF="0")
IDLE mode is released by any interrupt source enabled by the individual interrupt enable flag
(EF) or an external interrupt 0 (INTO pin) request. Execution resumes with the instruction
following the IDLE mode start instruction (e.g. [SET (SYSCR2), 4]. The interrupt latches (IL) of the
interrupt source used for releasing must be cleared to “0” by load instructions.

b. Interrupt release mode (IMF="1")
IDLE mode is released and interrupt processing is started by any interrupt source enabled with
the individual interrupt enable flag (EF) or an external interrupt 0 (INTO pin) request. After the
interrupt is processed, the execution resumes from the instruction following the instruction
which starts IDLE mode.

IDLE mode can also be released by inputting low level on the RESET pin, which immediately performs
the reset operation. After reset, the 88C060 is placed in NORMAL 1 mode.

Note : When a watchdog timer interrupt is generated immediately before IDLE mode is started, the
watchdog timer interrupt will be processed but IDLE mode will not be started.
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(3) SLOW mode

SLOW mode is controlled by the system control register 2 (SYSCR2) and the timer/ counter 2 (TC2).

a. Switching from NORMAL2 mode to SLOW mode

First, set SYSCK (bit 5 in SYSCR2) to switch the main system clock to the low-frequency clock.
Next, clear XEN (bit 7 in SYSCR2) to turn off high-frequency oscillation.

Note : The high-frequency clock oscillation can be continued to return quickly to NORMAL2
mode.

When the low-frequency clock oscillation is unstable, wait until oscillation stabilizes before
performing the above operations. The timer / counter 2 (TC2) can conveniently be used to

confirm that

Example1 :

Example2 :

PINTTC2 :

VINTTC2 :

low-frequency clock oscillation has stabilized.

Switching from NORMAL2 mode to SLOW mode.
SET (SYSCR2). 5 ; SYSCKe—1
(switches the main system clock to the low-
frequency clock)
CLR (SYSCR2).7 ; XEN<O
(turns off high-frequency oscillation)

Switching to the SLOW mode after low-frequency clock oscillation has stabilized.

LD (TC2CR), 14H ; Sets TC2 mode
(timer mode, source clock : fs)
LDW (TREG2),8000H ; Setswarming-up time
(according to Xtal characteristics)
SET (EIRH). EF14 ; Enables INTTC2
LD (TC2CR), 34H ; Starts TC2
LD (TC2CR), 10H ; Stops TC2
SET (SYSCR2). 5 ; SYSCKe—1

(switches the main system clock to the low-
frequency clock)

CLR (SYSCR2).7 ; XEN<O
(turns off high-frequency oscillation)

RETI

DL PINTTC2 ; INTTC2 vector table
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b. Switching from SLOW mode to NORMAL2 mode

First, set XEN (bit 7 in SYSCR2) to turn on the high-frequency oscillation. When time for
stabilization (warm-up) has been taken by the timer / counter 2 (TC2), clear SYSCK (bit 5 in
SYSCR2) to switch the main system clock to the high-frequency clock.

SYSCK

mode.

High-frequency clock
Low-frequency clock
Main system clock

Note 1: After SYSCK is cleared to “0”, executing the instructions is continued by the low-frequency
clock for the period synchronized with low-frequency and high-frequency clocks.

Juuuuruuuuuuuug

- 1

Note 2 : SLOW mode can also be released by inputting low level on the RESET pin, which
immediately performs the reset operation. After reset, the 88C060 is placed in NORMALT1

Example: Switching from SLOW mode to NORMAL2 mode (fc = 16 MHz, fcgck-fc, warming-up
time is 4.0 ms).

SET
LD

LD

SET
LD

PINTTC2: LD
CLR
RETI

VINTTC2: DL

(SYSCR2).7
(TC2CR), 10H

(TREG2 + 1), OF8H ;

(EIRH). EF14
(TC2CR), 30H

(TC2CR), 10H
(SYSCR2). 5

PINTTC2

I3

I

I3

; XEN«1 (turns on high-frequency oscillation)
; Sets TC2 mode

(timer mode, source clock : fcgck)

Sets the warming-up time

(according to frequency and Xtal characteristics)
Enables INTTC2

Starts TC2

Stops TC2

SYSCK<«0

(switches the main system clock to the high-
frequency clock)

INTTC2 vector table
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1.6 Interrupt Controller
The 88C060 has a total of 18 interrupt sources : 6 externals and 12 internals. Nested interrupts control
with priorities are also possible. Two of the internal sources are pseudo non-maskable interrupts; the
remainder are all maskable interrupts.

Table 1-5. Interrupt Sources

Interrupt source Enable condition In’lc:;?;pt Ve;::c;;:?le Priority
IE:,:?:;( (Reset) Non-Maskable — FFFFCH High 0
Internal | INTSW  (Software interrupt) Pseudo — FFFF8y 1
Internal | INTWDT (Watchdog timer interrupt) non-maskable ILy FFFF4y 2
External [INTO (External interrupt 0) IMF =1, INTOEN =1 IL3 FFFFOu 3
Internal | INTTC1  (16-bit TC1 interrupt) IMF - EFg=1 ILg FFFECyH 4
External [INT1 (External interrupt 1) IMF - EF5 =1 ILs FFFE8Y 5
Internal | INTTBT (Time base timer interrupt) IMF - EFg=1 ILg FFFE4y 6
External |INT2 (External interrupt 2) IMF - EF7 =1 ILy FFFEOH 7
Internal | INTTC3  (8-bit TC3interrupt) IMF - EFg =1 ILg FFFDCy 8
Internal | INTTSBI  (SBlinterrupt) IMF - EFg=1 ILg FFFD8y 9
Internal | INTTC4  (8-bit TC4 interrupt) IMF - EF19=1 IL1o FFFD4y 10
External [INT3 (External interrupt 3) IMF - EFq1=1 ILq1 FFFDOy 1
External [INT4 (External interrupt 4) IMF - EFq2=1 ILy; FFFCCy 12
Internal | INTTC5  (8-bit TC5interrupt) IMF - EF13=1 IL13 FFFC8y 13
Internal | INTTC2  (16-bit TC2 interrupt) IMF - EFq5=1 IL1g FFFC4y 14
External [INT5 (External interrupt 5) IMF - EFq5=1 IL1s FFFCOy 15
Internal | INTRX (UART receive interrupt) IMF - EF1g=1 IL1g FFFBCyH 16
Internal | INTTX (UART transmit interrupt) IMF - EFq7=1 ILy7 FFFB8, 17
Internal | INTTC6  (8-bit TC6 interrupt) IMF - EF1g=1 IL1g FFFB4y 18
reserved IMF - EF1g9=1 IL1g FFFBOy 19
reserved IMF - EFyp=1 ILyo FFFACH 20
reserved IMF - EFyq =1 ILy4 FFFA8y 21
reserved IMF - EF25 =1 IL2> FFFA4y 22
reserved IMF - EFy3=1 ILy3 FFFAOY 23
reserved IMF - EFy4=1 ILzg FFFICy 24
reserved IMF - EF5=1 ILys FFF98y 25
reserved IMF - EFyg=1 ILyg FFF94, 26
reserved IMF - EFy7=1 ILy7 FFF90y4 27
reserved IMF - EFg=1 ILyg FFF8Cy 28
reserved IMF - EFy9=1 ILyg FFF88 29
reserved IMF - EF3p=1 IL3g FFF84y 30
reserved IMF - EF31 =1 IL34 FFF80y Low 31
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Interrupt latches (IL) that hold the interrupt requests are provided for interrupt sources. Each interrupt
vector is independent.

The interrupt latch isset to “1” when an interrupt request is generated and requests the CPU to accept
the interrupt. The acceptance of maskable interrupts can be selectively enabled and disabled by
program using the interrupt master enable flag (IMF) and the individual interrupt enable flags (EF).
When two or more interrupts are generated simultaneously, the interrupt is accepted in the highest
priority order as determined by the hardware. Figure 1-26 shows the interrupt controller.

(1) Interrupt Latches (IL31 to IL)
Interrupt latches are provided for each source, except for a software interrupt. The latch is set to
“1" when an interrupt request is generated, and requests the CPU to accept the interrupt. The latch
is cleared to “0" just after the interrupt is accepted. All interrupt latches are initialized to “0"
during reset.
The interrupt latches are assigned to addresses 0003CH, 0003Dy, 0002EH and 0002Fy in the SFR.
Except for ILy, each latch can be cleared to “0” individually by an instruction ; however, the read-
modify-write instruction such as bit manipulation or operation instructions cannot be used. Thus,
interrupt requests can be canceled and initialized by the program. Note that request the interrupt
latches cannot be setto “1” by an instruction.
The contents of interrupt latches can be read out by an instruction. Therefore, testing interrupt
request by software is possible.

Example 1: Clearsinterrupt latches
LDW (ILL), 1110100000111111B  ; ILq2,IL1oto ILe<0
LD (ILE), 11111000B ; IL1gtoIL1g<0

Example 2 : Reads interrupt latches
LD WA, (ILL) : Welly, Aell
LD BC, (ILE) ; B&lLp, C«ILE

Example 3 : Tests an interrupt latch
TEST (ILL). 7 ; iflLy=1thenjump
JR F, SSET

(2) Interrupt Enable Register (EIR)

The interrupt enable register (EIR) enables and disables the acceptance of interrupts, except for the
pseudo non-maskable interrupts (software and watchdog timer interrupts). Pseudo non-maskable
interrupts are accepted regardless of the contents of the EIR; however, the pseudo non-maskable
interrupt cannot be nested more than once at the same time. For example, the watchdog timer
interrupt is not accepted during the software interrupt service.

The EIR consists of an interrupt master enable flag (IMF) and the individual interrupt enable flags
(EF). These registers are assigned to addresses 0003A, 0003By, 0002CH and 0002Dy in the SFR, and
can be read and written by an instruction (including read-modify-write instruction such as bit
manipulation instructions).
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@ Interrupt Master enable Flag (IMF)
The interrupt master enable flag (IMF) enables and disables the acceptance of all maskable
interrupts. Clearing this flag to “0” disables the acceptance of all maskable interrupts. Setting
to “1” enables the acceptance of interrupts.
When an interrupt is accepted, this flag is cleared to “0” to temporarily disable the acceptance
of other maskable interrupts. After execution of the interrupt service program, this flag is set to
“1" by the maskable interrupt return instruction [RETI] to again enable the acceptance of
interrupts. If an interrupt request has already been occurred, interrupt service starts
immediately after execution of the [RETI] instruction.
Pseudo non-maskable interrupts are returned by the [RETN] instruction. In this case, the IMF is
set to “1” only when pseudo non-maskable interrupt service is started with interrupt acceptance
enabled (IMF = 1). Note thatthe IMF remains “0” when cleared in the interrupt service program.
The IMF is assigned to bit 0 at address 0003Ay in the SFR, and can be read and written by an
instruction. The IMF is normally set and cleared by the [El] and [DI] instructions, and the IMF is
initialized to “0” during reset.

@ Individual interrupt Enable Flags (EF31 to EFz)
These flags enable and disable the acceptance of individual maskable interrupts, except for an
external interrupt 0. Setting the corresponding bit of an individual interrupt enable flag to “1”
enables acceptance of an interrupt, setting the bit to “0” disables acceptance.

Example 1: Sets EF for individual interrupt enable, and sets IMF to “1”.
LD (EIRE), 00000001B ; EF1e¢-1
LDW (EIRL), 1110100010100001B ; EF1s5to EF43, EFq1, EF7, EFs, IMF&1

Example 2 : Sets an individual interrupt enable flag to “1”.
SET (EIRH). 4 ; EFq2€-1
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Interrupt Latches (IL)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[IL31 § IL3o P llpg | Ilpg i Ilpy i Ilpg i ILps & ILpg | ILp3 P lLpp i ILpqy i Ipg i ILqg i ILyg & ILyz i ILye |

ILp (0002F ) IL¢ (0002E,)

[ 1Lqs i lqg i llqz iy i llyg illgg i g g | Iy i ILg i ILs & ILg & Iz § IL, |

Ly (0003Dyy) IL, (0003Cp)

. (Initial value : 00000000 00000000 00000000 000000%*)
Interrupt Enable Registers (EIR)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| EF31 I EF30  EFpg : EFg | EFp7 i EFpg i EFps i EFpg | EFp3 | EFpp i EFpq i EFpg [ EFqg : EFyg i EFq7 | EFyg |

EIRp (0002Dy) EIRg (0002C})
[EF1s { EF1q [EFy3 T EFyy (EFy) [EFIg] EFg | ERg | EFy I EFg [ ERs fEFg | i IV
EIRy (0003B) EIR, (0003A)
(Initial value : 00000000 00000000 00000000 0000**=*0)
Note 1 : Do not clear IL with read-modify-write instructions such as bit operations.
Note2 : Do notcleariL;to “0” by an instruction
Note3 : Do notsetIMF to “1” during non-maskable interrupt service program.
Note4 : Bits1and0inlL; are read in as undefined data when a read instruction is executed.
Note5 : * ; don'tcare

Figure 1-27. Interrupt Latches (IL) and Interrupt Enable Registers (EIR)

1.6.1 Interrupt Sequence

An interrupt request is held until the interrupt is accepted or the interrupt latch is cleared to “0” by a
reset or an instruction. Interrupt acceptance sequence requires 12 machine cycles (3 s at fc =16 MHz
in the NORMAL mode) after the completion of the current instruction execution. The interrupt service
task terminates upon execution of an interrupt return instruction [RETI] (for maskable interrupts) or
[RETN] (for pseudo non-maskable interrupts). Figure 1-28 shows the timing chart of interrupt
acceptance processing.

(1) Interrupt acceptance
Interrupt acceptance processing is as follows.

@ The interrupt master enable flag (IMF) is cleared to “0" to temporarily disable the acceptance of
any following maskable interrupts. When a non-maskable interrupt is accepted, the acceptance
of any following interrupts is temporarily disabled.

@ The interrupt latch (IL) for the interrupt source accepted is cleared to “0".

@ The contents of the program counter (return address) and the program status word (PSW) are
saved (pushed) on the stack in sequence of PSWH, PSWL, PCE, PCH, PCL. The stack pointer (SP) is
decremented five times.

@ The entry address of the interrupt service program is read from the vector table, and set to the
program counter.

® The RBS control code is read from the vector table. The lower 4-bit of this code is added to the
RBS.

® The instruction stored at the entry address of the interrupt service program is executed.

3-60-36




TOSHIBA UNDER DEVELOPMENT TMP88C060

Example: Correspondence between vector table address for INTTBT and the entry address of the
interrupt service program.

Vector table address Entry address

R, o~
FFFE4y 43y |:> CD243y )

................. RN RN F -,
FFFE5H D2y Vector CD244y servicep
FFFE6y |  OCh D245, program

RBS

FFFE7w | . 06H ...... ] control CD246y

i Sy : L~

A maskable interrupt is not accepted until the IMF is set to “1"” even if the maskable interrupt higher
than the level of current servicing interrupt is occurred.

When nested interrupt service is necessary, the IMF is set to “1” in the interrupt service program. In this
case, acceptable interrupt sources are selectively enabled by the individual interrupt enable flags.
However, an acceptance of external interrupt 0 cannot be disabled by the EF; therefore, if disable is
necessary, either the external interrupt function of the INTO pin must be disabled with the INTOEN in
the external interrupt control register (EINTCR) (the interrupt latch IL3 is not set at INTOEN =0,
therefore, the rising edge of INTO pin input can not be detected.) or an interrupt processing must be
avoided by the program.

Example 1: Disables an external interrupt 0 using the INTOEN
LD (EINTCR), 00000000B ; INTOEN<«O

Example 2 : Disables the processing of external interrupt 0 under the software control (using bit 0 at
address 000F0y as the interrupt processing disable switch)

PINTO: TEST (0O0OFQH).0 ;  Return without interrupt processing if (000FOy) g =1
JRS T, SINTO
RETI

SINTO : Interrupt processing’

VINTO: DL  PINTO
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1 machine cycle

INTS /ﬂ

Interrupt service task
)
| |

INTTBT ( Al

i
IL1s5

ILg

IMF \> \(1
Executionx Instruction X

Interrupt acceptance

XlnstructionX:

fiddress X X a X a+1 Xrrred)FrresXFrree)FFFEA n Xn-1Xn-2Xn-3Xn-4X b Xb+1Xb+2X:

e X__ XX a+1 X a X o Xo+Xo+2Xb+3X

SP n Xn—1Xn—2Xn—3Xn—4X

n-5

RBS i

Xk=i+(FFFE7,). 3-0

INF X

(a) Interruptacceptance

Interrupt service task

IMF Ij

Execution X RETI Instruction X
/’\/

ﬁﬁl;:lress X C Xc+1Xn—4Xn—3Xn—2Xn—1X n X a Xa+1X:

e X < Xer1X C+2 X a2 Xe+1Xa+2X_

SP n->5 Xn—4Xn—3Xn—2Xn—1X n

RBS k X i

INF X

(b) Return from interrupt instruction

Note 1:  a, return address, b ; entry address, ¢ ; address which the RETI instruction is stored

62/fs [s] with interrupt enabled..

Note2:  The maximum response time from when an IL is set until an interrupt acceptance processing starts is 62/fcgck [s] or

Figure 1-28. Timing Chart of Interrupt Acceptance and Interrupt Return Instruction
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(2) Saving / Restoring general-purpose registers
During interrupt acceptance processing, the program counter (PC) and the program status word
(PSW) are automatically saved on the stack, but not the accumulator and other registers. These
registers are saved by the program if necessary. Also, when nesting multiple interrupt services, it is
necessary to avoid using the same data memory area for saving registers.

The following method is used to save / restore the general-purpose registers.

@ General-purpose register save / restore by automatic register bank changeover
The general-purpose registers can be saved at high-speed by switching to a register bank that is
not in use. Normally, the bank 0 is used for the main task and the banks 1 to 15 are assigned to
interrupt service tasks. To increase the efficiency of data memory utilization, the same bank is
assigned for interrupt sources which are not nested.
The switched bank is automatically restored by executing an interrupt return instruction [RETI]
or [RETN]. Therefore, it is not necessary for a program to save the RBS.

Example : Register bank changeover
PINTxx :  : interrupt processing :
RETI
VINTxx : DP PINTxx
DB 1 ; RBS«<RBS + 1

@ General-purpose register save / restore by register bank changeover
The general-purpose registers can be saved at high-speed by switching to a register bank that is
not in use. Normally, the bank 0 is used for the main tank and the banks 1 to 15 are assigned to
interrupt service tasks.

Example : Register bank changeover

PINTxx : LD .. RBS, N ..
;. Interrupt processing
RETI ; Restores bank and Returns
VINTxx : DP PINTxx ; Interrupt service routine entry address
DB 0
main task . main task
acceptance of interrupt i‘g'%gstgn%a:k n by acceptance of  interrupt
bank m |interrupt service taSk/_ins:cruction bank m |interrupt service task
W Switch to bank n savi.ng
bank n automatically registers
- Restore to bank m
k n
| bank m interrupt return automatically by restoring
[RETI]/ [RETN] registers
——————
interrupt return
(a) Saving/ Restoring by register bank changeover (b) Saving/Restoring using push/pop or data transfer instructions

Figure 1-29. Saving/Restoring General-purpose Registers
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@ General-purpose registers save / restore using push and pop instructions
To save only a specific register, and when the same interrupt source occurs more than once, the
general-purpose registers can be saved / restored using the push / pop instructions.

Example : Register save / restore using push and pop instructions
PINTxx : PUSH WA ; Save WA register pair
:..interrupt processing
POP WA ; Restore WA register pair
RETI ; Return
................................................................................ Address (example)
.................... SP = . oo | 0023Ay
............................. A cerereeennnnnn..| 0023B
P A P 0023¢C
........ PCL.... e PCL LA B AU £
....... PCH_.. s B I .| 0023E
PCe o PCEL RS 0023F
""" PSWL LW Lpsw | 00240
""" PSW L PsWy LPswy | SP—| | oo2an
At acceptance At execution At execution At execution of an
of aninterrupt :> of a push :> of a pop interrupt return
instruction instruction instruction

@ General-purpose registers save / restore using data transfer instructions
Data transfer instruction can be used to save only a specific general-purpose register during
processing of single interrupt.

Example : Saving/restoring a register using data transfer instructions
PINTxx: LD (GSAVA), A .. i SaveAregister
_interrupt processing !
LD A, (GSAVA) ; Restore A register
RETI ; Return
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(3) Interrupt return
The interrupt return instructions [RETI] / [RETN] perform the following operations.

[RETI] Maskable interrupt return [RETN] Non-maskable interrupt return

@® The contents of the program counter and the [ The contents of the program counter and

program status word are restored from the program status word are restored from the
stack. stack.

@ The stack pointer isincremented 5 times. @ The stack pointer isincremented 5 times.

@ Theinterrupt master enable flagissetto “1". @ The interrupt master enable flag is set to “1”

only when a non-maskable interrupt is
accepted in interrupt enable status. However,
the interrupt master enable flag remains at “0”
when so clear by an interrupt service program.

@ The interrupt nesting counter is decremented, |@ The interrupt nesting counter is decremented,
and the interrupt nesting flag is changed. and the interrupt nesting flag is changed.

Interrupt requests are sampled during the final cycle of the instruction being executed. Thus, the
next interrupt can be accepted immediately after the interrupt return instruction is executed.

Note :When the interrupt processing time is longer than the interrupt request generation time,
the interrupt service task is performed but not the main task.

1.6.2 Software Interrupt (INTSW)
Executing the [SWI] instruction generates a software interrupt and immediately starts interrupt
processing (INTSW is highest prioritized interrupt). However, if processing of a non-maskable interrupt
is already underway, executing the SWI instruction will not generate a software interrupt but will
result in the same operation as the [NOP] instruction.
Use the [SWI] instruction only for detection of the address error or for debugging.

@® Address error detection
FFy is read if for some cause such as noise the CPU attempts to fetch an instruction from a non-
existent memory address. Code FFy is the SWI instruction, so a software interrupt is generated and
an address error is detected. The address error detection range can be further expanded by writing
FFy to unused areas of the program memory. Address-trap reset is generated in case that an
instruction is fetched from RAM or SFR areas.

@ Debugging
Debugging efficiency can be increased by placing the SWI instruction at the software break point
setting address.

1.6.3 External Interrupts
The 88C060 has six external interrupt inputs (INTO, INT1, INT2, INT3, INT4, INT5). Four of these are
equipped with digital noise reject circuits (pulse inputs of less than a certain time are eliminated as
noise).
Edge selection is also possible with INT1 to INT4. The INTO / P10 pin can be configured as either an
external interrupt input pin or an input/ output port, and is configured as an input port during reset.
Edge selection, noise reject control and INTO /P10 pin function selection are performed by the external
interrupt control register (EINTCR).
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Table 1-6. External Interrupts

. Secondary . . . .
Source Pin function pin | Enable conditions Edge Digital noise reject
INTO INTO P10 IMF=1, INTOEN =1 falling edge — (hysteresis input)
Pulses of less than 15/fc or 63/fc
INT1 INT1 P11 IMF - EFe = 1 [s] are eliminated as noise. Pulses
> falling edge of 48/fc or 192/fc [s] or more are
considered to be signals.
INT2 INT2 P12/TC1 IMF - EF7 =1 or pulses of less than 7/fc [s] are
INT3 INT3 P34/TC3 | IMF-EFy =1 rising edge eliminated as noise. Pulses of
24/fc [s] or more are considered
INT4 INT4 P35/TC4 IMF - EFq5=1 to be signals.
INT5 INT5 P20/STOP | IMF-EF5=1 rising edge — (hysteresis input)

Note 1: The noise reject function is turned off in SLOW and SLEEP modes. Also, the noise reject times
are not constant for pulses input while transiting between operating modes
(NORMAL2<>SLOW).

Note 2 : The noise reject function is also affected for timer/ counter input (TC1 pin, TC3 pin).

Note 3: The pulse width (both “H”and “L” level) for input to the INTO and INT5 pins must be over 2
machine cycle.

INTO/INTS5 input l tinTL, tinTH = 2tcyc (Note .'.tcyc =4/fm[s])
Note : tcyc =4/fcgck [s] (in NORMAL1/2,
: : IDLE1/2 mode)
tnTL : tnTH : 4/fs (in SLOW, SLEEP mode)

Note 4 : Ifa noiseless signal is input to the external interrupt pin in the NORMAL 1/2 or IDLE 1/2 mode,
the maximum time from the edge of input signal until the IL is set is as follows :
@® INT1 pin 49/fc [s] (INTINC =1), 193/fc [s] (INTINC =0)
@ INT2 pin 25/fc [s]
Note 5: Even if the falling edge of INTO pin input is detected at INTOEN =0, the interrupt latch IL3 is
notset.

7 6 5 4 3 2 1 0

EINTCR : : i
o e I ] [ [ " ] (inital value : 000 000%)

0 : Pulses of less than 63/fc [s] are eliminated as noise

INTINC | Noise reject time select - .
j 1 : Pulses of less than 15/fc [s] are eliminated as noise

INTOEN [ P10/INTO pin configuration

0 : P10input/output port
1 : INTO pin (Port P10 should be set to an input mode)

R/W
INT4 ES
INT3 ES 0 : Rising edge
INT2 ES INT4 to INT1 edge select 1: Falling edge
INT1ES

Note : fc; High-frequency clock [Hz] * ; don’t care

Figure 1-30. External Interrupt Control Register
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1.7 Reset Circuit
The 88C060 has four types of reset generation procedures : an external reset input, an address trap
reset output, a watchdog timer reset output and a system clock reset output. Table 1-7 shows on-chip
hardware initialization by reset action.
The malfunction reset output circuit such as watchdog timer reset, address trap reset and system clock
reset is not initialized when power is turned on. The RESET pin can output level “L" at the maximum
24/fcgcek[s] (1.92 s at 12.5 MHz) when power is turned on.

Table 1-7. Initializing Internal Status by Reset Action

On-chip hardware Initial value On-chip hardware Initial value
Program counter (PC) | (FFFFEy to FFFFCy)
Stack pointer (SP) notinitialized Prescaler and Divider of timing 0
General-purpose registers notinitialized generator
(W,A,B,C, D,E H,L)
Register bank selector RBS 0
9 (RBS) Watchdog timer Enable
Jump status flag (JF) 1
Zero flag (ZF) notinitialized
Carry flag (CF) notinitialized
Half carry fla HF notinitialized Refer to I/0 port
- yTag (HP) — Output latches of I/0 ports o P
Sign flag (SF) notinitialized circuitry
Overflow flag (VF) notinitialized
Interrupt master enable flag  (IMF) 0
Interrupt individual enable flags 0
. Refer to each of
(EF) Control registers )
control register
Interrupt latches (IL) 0
Interrupt nesting flag (INF) 0 RAM notinitialized

1.7.1 External Reset Input
The RESET pin contains a Schmitt trigger (hysteresis) with an internal pull-up resistor.
When the RESET pin is held at “L"” level for at least 3 machine cycles (12/fcgck [s]) with the power supply
voltage within the operating voltage range and oscillation stable, a reset is applied and the internal
state is initialized.
When the RESET pin input goes high, the reset operation is released and the program execution starts
at the vector address stored at addresses FFFFCy to FFFFER.

vDD

z

-

RESET D——&—» Reset input

Watchdog timer reset |
A Malfunction I
< reset output | Address trap reset |
Sink open drain cireurt
System clock reset |

Figure 1-31. Reset Circuit
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1.7.2 Address-Trap-Reset
If the CPU should start looping for some cause such as noise and an attempt be made to fetch an
instruction from the on-chip RAM or the SFR area, address-trap-reset will be generated. Then, the
RESET pin output will go low. The reset time is about 8/fcgck to 24/fcgck [s] (0.64 to 1.92 us at 12.5

MHz).
Instruction P a ( reset release Xinstruction ataddress
execution ! /
L ____ Address-trap is occurred e L __
RESET output -I (“L" output) r (Hi-2) ' H
1
i i ! |
1 1 ! 1
1 1 ! 1
' H | '
| 8/fcgcek to 24/fcgek [s] 4/fc gck | 20/fcgck [s] |
to
12/fcgck [s] (no wait)
Note 1:  Address “a” is in the SFR or on-chip RAM space.
Note2:  During reset release, reset vector “r” is read out, and an instruction at address “r” is fetched and
decoded.

Figure 1-32. Address-Trap-Reset

1.7.3 Watchdog Timer Reset
Refer to Section “2.4 Watchdog Timer”.

1.7.4 System-Clock-Reset
Clearing both XEN and XTEN (bits 7 and 6 in SYSCR2) to “0”, clearing XEN to “0" when SYSCK =0, or
clearing XEN to “0” when SYSCK =1 stops system clock, and causes the microcomputer to deadlock.
This can be prevented by automatically generating a reset signal whenever XEN=XTEN =0,
XEN =SYSCK =0, or XTEN=0 / SYSCK =1 is detected to continue the oscillation. The, the RESET pin
output goes low from high-impedance. The reset time is about 8/fcgck to 24/fcgck [s] (0.64 to 1.92 us at
12.5 MHz).
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2. ON-CHIP PERIPHERAL FUNCTIONS
2.1 Special Function Registers (SFR)
The TLCS-870/X Series uses the memory mapped 1/0 system, and all peripheral control and data
transfers are performed through the special function registers (SFR).
The SFR are mapped to addresses 00000 to 0003Fy.
Figure 2-1. shows the 88C060 SFRs.

Address Read Write Address Read Write
00000y PO port 000204
01 21
02 22
03 23
04 24
05 25
06 26
07 27
08 28
09 29
0A 2A
0B 2B
ocC 2C
0D 2D
OE 2E
OF 2F
10 30
11 31
12 32
13 33
14 34
15 35
16 36
17 37
:g gg SYSCR2 (System control)
:Q gg E:E; (Interrupt enable register) -
e x - (Interrupt latch) oo oo
1E 3E | P e b ratiie v} eeeeeeees e e
1F RCCR (Remote control receive control) 3F PSW (Program status word)
Note 1 : Do notaccess reserved areas by the program.
Note2 : -, Cannot be accessed.

Note3 : When defining address 0003F with assembler symbols, use GRBS.
Address 0003Ey must be GPW  GFLAG.

Note4 : Write-only registers and interrupt latches cannot use the read-modify-write instructions (bit manipulation
instructions such as SET, CLR, etc. and logical operation instructions such as AND, OR, etc.).

Figure 2-1. Special Function Registers (SFR)

3-60-45



TOSHIBA UNDER DEVELOPMENT TMP88C060

2.2 1/OPorts
The 88C060 has 6 parallel input/output ports (42 pins) as follows.

Primary Function Secondary Function

Port PO 8-bit 1/0 port external memory interface input/output

Port P1 8-bit /O port external interrupt input, timer counter input/ output, and divider
output

Port P2 4-bit /O port low frequency resonf‘ator c.onnectlons, external interrupt input, and
STOP mode release signal input

Port P3 8-bit I/0 port external interrupt input and timer counter input/ output

Port P4 6-bit 1/0 port serial interface input/output

Port P7 8-bit 1/0 port analog input

Each output port contains a latch, which holds the output data. All input ports do not have latches, so
the external input data should either be externally held until the input data is read from outside or
reading should be performed several times before processing. Figure 2-2 shows input / output timing
examples.

External data is read from an I/O port in the S1 state of the read cycle during execution of the read
instruction. This timing can not be recognized from outside, so that transient input such as chattering
must be processed by the program.

Output data changes in the S2 state of the write cycle during execution of the instruction which writes
to an 1/O port.

| fetch cycle | fetch cycle I read cycle |

SO S1 S2 S3 SO ST S2 S3 SO S1 S2 S3

Instruction execution cycle Ex:LD A, (x) |
1 1 1 1 1 1 1 1

Input strobe | I

Data input _ % W

(a) Inputtiming

fetch cycle

| fetch cycle I write cycle

SO S1 S2 S3 SO ST S2 S3 SO S1 S2 S3

Instruction execution cycle Ex:LD (x),A |
1 1 1 1 1 1 1 1 1 1

Output strobe | I

Data output _ . old X new

(b) Outputtiming

Note : The positions of the read and write cycles may vary, depending on the instruction.

Figure 2-2. Input/Output Timing (Example)
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When reading an I/0O port except programmable I/0 ports, whether the pin input data or the output
latch contents are read depends on the instructions, as shown below :

(1) Instructions that read the output latch contents
@® XCH r, (src)
@ SET/CLR/CPL (src). b
@ SET/CLR/CPL (pp). g
@ LD (src). b, CF
® LD (pp).b, CF
® XCH CF, (src), b
@ ADD/ADDC/SUB/SUBB/AND/OR/XOR(src), n
(src) side of ADD/ADDC/SUB/SUBB/AND /OR/XOR (src), (HL)
® MXOR (src), m

(2) Instructions that read the pin input data
@ Instructions other than the above (1)
@ (HL) side of ADD/ADDC/SUB/SUBB/AND/OR/XOR (src), (HL)
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2.2.1 Port PO (P07 to P00)

Port PO is an 8-bit input/ output port which can be configured as an input or an output in one-bit unit.
Input / output mode is specified by the port PO input / output control register (POCR). During reset,
POCR is initialized to “0", which configures port PO as an input. The PO output latches are also
initialized to “0".

Port PO is also used as the upper address buses A19 to A16, a bus release request input, a bus release
acknowledge output, a wait request input, and a divided-by-4-clock output. When used as a bus
release request input or a wait request input, the pin should be set to the input mode. When used as a
bus release acknowledge output or a divided-by-4-clock output, the pin should be set to the output
mode and beforehand the output latch should be set to “1”. Pins P03 to P00 can be configured as
either 1/0O ports or upper address outputs with EXP3 register. When used as the upper address output,
the bit corresponding to POCR must not be changed from the initialized value “0".

Note :Input mode port reads the state of input pin. When input/ output mode is used to mixed, the
contents of output latch setting to the input mode may be overwritten by executing bit
manipulation instructions.

POCRi

Data input ’ é

Dataoutput —> _D_‘>_

Output latch POI
Control output —>——

Note:i=7to0

Control input

7 6 5 4 3 2 1 0
PO PO7 : PO6 : PO5 : PO4 : P03 : P02 : PO1 : POO
(00000,)) [ CLK : WAIT :BUSAK:BUSRQ: A19 : A18 : A17 i A16 | (initial value: 0000 0000)
7 6 5 4 3 2 1 0
POCR | : : : : : : : | (Initial value : 0000 0000)
(0000A) : : : : : : :
POCR 1/0 control for port PO 0 : Input mode Write
(specified for each bit) 1: Output mode only

Note : POCR is a write-only register and must not be used with any of the read-modify-write instructions.

Figure 2-3. Port PO and POCR

Example : Setting the upper 4 bits of port PO as an input port and the lower 4 bits as an output port
(initial output data are 1010B).

LD  (P0),00001010B ;  Setsinitial data to PO output latches
LD  (POCR),00001111B ;  Setsthe port PO input/output mode

Note : Ports set to the input mode read the pin states. When input pin and output in exist port PO
together, the contents of the output latch of ports set to the input mode may be rewritten by
executing the bit manipulation instructions. Pins set to the output mode read a value of the
output latch.
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2.2.2 Port P1 (P17 to P10)

Port P1is an 8-bitinput/output port which can be configured as an input or an output in one-bit unit.
Input / output mode is specified by the port P1 input / output control register (P1CR). During reset,
P1CR is initialized to “0", which configures port P1 as an input. The P1 output latches are also
initialized to “0".

Port P1is also used as an external interrupt input, a timer counter input/ output, and a divider output.
When used as a secondary function pin, the input pin should be set to the input mode, and the output
pin should be set to the output mode and beforehand the output latch should be set to “1”. It is
recommended that pins P11 and P12 should be used as external interrupt inputs, timer counter input,
or input ports. The interrupt latch is set on the rising or falling edge of the output when used as
output ports. Pin P10 can be configured as either an I/O port or an external interrupt input with
INTOEN (bit 6 in EINTCR). During reset, pin P10 (INTO) is configured as an input port P10.

P1CRi »

Data input

Data output

Output latch P1i
Control output
Control input
Note:i=7to0
7 : 6 : 5 i 4 : 3 : 2 i 1 : 0
P1 P17 i P16 : P15 i P14 : P13 5|K|1T225 P11 ¢ P10
(00001}) : TC2 : PPG :DVO: TCi :INT1:INTO | (Initial value : 0000 0000)
7 6 5 4 3 2 1 0
P1CR | : : : : : : : | (nitial value : 0000 0000)
(0000By) : : : : : : :
P1CR 1/0 control for port P1 0 : Input mode Write
(specified for each bit) 1 : Output mode only

Note : P1CR is a write-only register and must not be used with any of the read-modify-write instructions.

Figure 2-4. PortP1and P1CR

Example: Sets P17 and P16 as output ports, P13 and P11 as input ports, and the others as function
pins. Internal output datais “1” forthe P17, and “0” for the P16 pin.
LD (EINTCR), 01000000B ; INTOEN&1
LD (P1),10111111B ;. P17¢1,P14¢<-1,P16<0
LD (P1CR), 11010000B

Note : Input mode port reads the state of input pin. When input / output mode is used to mixed, the
contents of output latch setting to the input mode port may be overwritten by executing bit
manipulation instructions.
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2.2.3 Port P2 (P23 to P20)

Port P2 is a 4-bit input/ output port. Itis also used as an external interrupt input, a STOP mode release
signal input, and low-frequency Xtal connection pins. When use as an input port or a secondary
function pin, the output latch should be set to “1"”. During reset, the output latches are initialized to

"1 "

A low-frequency Xtal (32.768 kHz) is connected to pins P21 (XTIN) and P22 (XOUT) in the dual-clock
mode. In the single-clock mode, pins P21 and P22 can be used as normal input/output ports.

It is recommended that pin P20 should be used as an external interrupt input, a STOP mode release
signal input, or an input port. If used as an output port, the interrupt latch is set on the falling edge of

the output pulse.

When a read instruction is executed for port P2, bits 7to4in P2 areread inas “1”.

SET/CLR/CPL/others —

J’I_ CMP/MCMP/TEST/ others

Data input

Output latch
N

N

Data output D Q

Control input

Data input (—S

!
<
:]_

Ty

D P20 (INT5/STOP)

Osc. enable
Data output || D Q I P21 (XTIN)
Data input —<
Sj— \
b
Data output || D Qj : [ ] P22 (xToum)

Data input —<]—

Output latch

Data output D Q

V AV

P2 :
(00002y) :

D P23

Note 1:*,; don’tcare
Note 2 : XTEN is bit 6 in SYSCR2

3 2 1 0
P23 i P22 : P21 i P20
: : 1 INTS iti :
XTOUT} XTIN | ToB (Initial value : **** 1111)

Figure 2-5. Port P2
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2.2.4 Port P3 (P37 to P30)
Port P3 is an 8-bit input/ output port. Itis also used as an external interrupt input and a timer counter

input/output. High current output is available, so LEDs can be driven directly. When used as an input
port, the output latch should be set to “1”. The output latches are initialized to “1” during reset.

Example 1: Outputthe immediate data “5A" to the P3 port.
LD (P3), 5AH ; P3<5AH

Example 2 : Inverts the output of the upper 4 bits (P37 to P34) of the P3 port.
XOR (P3),11110000B ; P37 to P34<P37toP34

2.2.5 Port P4 (P45 to P40)
Port P4 is a 6-bit input/output port. Itis also used as a serial interface input/output. When used as an

input port or a serial interface input/ output, the output latch should be set to “1”. The output latches
are initialized to “1" during reset. Bits 7 to 6 are read in as “1"” when a read instruction is executed for

the port P4.

Example : Clearthe P43 port (outputs “L").
CLR (P4).3; PA43<«0

7 6 5 4 3 2 1 0
p3 P37 : P36 : P35 : P34 : P33 : P32 : P31 : P30
: L INT4 | INT3 PWM5PWN4:

(000034) : TC4 i TC3 (PDO5:PDO4:
(Initial value : 1111 1111)
(a) PortP3
7. .85 4 3 2 1 0
Pa P45 [ P44 : P43 P42 : PA1 : PAD
P 9" | SDA i SCL i SCK : ;
(00004) : : SO i S { TxD : RxD :

(Initial value : **11 1111)

(b) PortP4

Control input

CMP/MCMP/TEST/ others

Data input

Data output . > []Psi

Output latch

Control output

(c) PortsP3,P4

Note:i=7to0, j=5to0, =*,don’tcare

Figure 2-6. Ports P3, P4
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2.2.6 Port P7 (P77 to P70)
Port P7 is an 8-bit input/ output port which can be configured as an input or an output in one-bit unit.
Itis also used as an analog input for the A/D converter. Input/output is specified by the port P7 input/
output control register (P7CR) and AINDS (bit 4 in ADCCR). During reset, P7CR is initialized to “0” and
AINDS is initialized to “0”. At the same time, P70 becomes an analog input port, and P77 to P71
become input ports. The P7 output latches are also initialized to “0”. Pins not used for analog input
can be used as /0 ports. However, an output instruction should not be executed on port P7 to keep a
precision during A/D conversion. In addition, a variable signal should not be input to a port adjacent
to the analog input during A/D conversion. When the A/D converter is in use (AINDS =0), pins set for
analog input are read in as “1”, and pins not set for analog input are read in as “1" or “0"”, depending
on the pin input level.

Analog input
AINDS
SAIN — )
P7CRi 1~ L
Data input AN
/I
\l h
Data output D Q - D P7i
Note:i=7to0
7 6 5 4 3 2 1 0
P7 T : : T : : T
P77 : P76 : P75 : P74 : P73 : P72 : P71 : P70 . )
(000071) | AIN7 : AIN6 : AIN5 : AIN4 { AIN3 | AIN2 | AINT : AINO (Initial value : 0000 0000)
P7CR 7 6 5 4 3 2 1 0
(0000C) | § § § § § § § | (Initial value : 0000 0000)
P7CR 1/0 control for port P7 0 : Input mode Write
(specified for each bit) 1: Output mode only

Note 1 : P7CR is a write-only register and must not be used with any of read-modify-write instructions.
Note 2 : Pins to be used for analog input must be set to input mode.

Figure 2-7. Port7 and P7CR

Note : Ports set to the input mode read the pin states. When input pin and output in exist in port P1
together, the contents of the output latch of ports set to the input mode may be rewritten by
executing the bit manipulation instructions. Pins set to the output mode read a value of the
output latch.
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2.3 Time Base timer (TBT)
The time-base timer is used to generate the base time for key scan and dynamic display processing. For
this purpose, it generates a time-base timer interrupt (INTTBT) at predetermined intervals.
This interrupt is generated beginning with the first rising edge of the source clock (the timing
generator’s divider output selected by TBTCK) after the time-base timer is enabled. Note thatsince the
divider cannot be cleared by a program, the first interrupt only may occur earlier than the set interrupt
period (See Figure 2-8, (b)).
When selecting th interrupt frequency, make sure the time-base timer is disabled (Do not change the
selected interrupt frequency when disabling the active timer either). However, you can select the
interrupt frequency simultaneously when enabling the timer.

MPX

fe/22, fe/2% or fs/215 >—
fe/22, f/22 or fs/2'3 >—
fe/2'8, fc/2V or fs/28 >—
fe/2", fe/2® or fs/26 >—
fe/23, fe/2' or fs/25 >—
fe/2%2, fe/2 or fs/2* >—
fe2", fe/2 or fs/22 >—
fe/29, fe/2' or fsf2 >—

Source clock

Y
| >-| Rising edge detector |—> INTTBT interrupt request

ITIQOTTMQUuN®)>

w

3
TBTCK TBTEN

I TBTCR I

Time base timer control register

L

(a) Configuration

Source clock —l I_l I_I r

TBTEN

INTTBT E " " "_

_—————
" Interrupt period
Enable TBT Note : MPX ; Multiplexer

(b) Time base timer interrupt

Figure 2-8. Time Base Timer

Example : Setsthe time base timer frequency to f¢/2'¢ [Hz] and enables an INTTBT interrupt.
LD (TBTCR), 00001010B
SET (EIRL).6
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7 6 5 4 3 2 1 0
TBTCR . .
(000364 |(DVOEN)| (BVOCK) | (DV7CK) | TBTEN | , TBTCK | (Initial value : 0%*0 Q%x%*)
Time base timer enable/ 0: Disable
TBTEN disable 1: Enable
NORMAL1/2, IDLE1/2 mode SLOW,
DV7CK=0 DV7CK =1 SLEEP
DV1CK=0|DVICK=1|DV1CK=0|DVICK=1 mode
Time base timer interrupt 000 fc/23 fe/2% fs/2" fs/2 fs/2'® R/W
TBTCK | frequency select [Hz] 001 {r fc/2% fs/2'3 fs/23 fs/2"3
010 fc/2'® fc/2"7 fs/28 fs/28 -
011 fc/2™ fc/2' fs/2° fs/28 -
100 fc/2" fc/2" fs/2° fs/2° -
101 fc/21? fc/2"3 fs/24 fs/2° -
110 fe/2" fe/2? fs/23 fs/23 -
111 fc/2° fc/2'° fs/2 fs/2 -

Note ; fc; High-frequency clock [Hz] , fs ; Low-frequency clock [Hz],

* ;don’t care

Figure 2-9. Time Base Timer Control Register

Table 2-1. Time Base Timer Interrupt Frequency (Example ; fc=12.5 MHz, fs =32.768 kHz)

Time base timer interrupt frequency [Hz]
NORMAL1/2, IDLE1/2 mode
TBTCK DV7CK =0 DV7CK = 1 SLOW, SLEEP
DVICK =0 DVICK =1 DVICK =0 DVICK = 1 mode
000 1.49 0.75 1 1 1
001 5.96 2.98 4 4 4
010 190.73 95.37 128 128 -
011 762.94 381.47 512 512 -
100 1525.88 762.94 1024 1024 -
101 3051.76 1525.88 2048 2048 -
110 6103.52 3051.76 4096 4096 -
111 24414.06 12207.03 16384 16384 -
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2.4 Watchdog Timer (WDT)
The watchdog timer is a fail-safe system to rapidly detect the CPU malfunctions such as endless looping
caused by noise or the like, or deadlock and resume the CPU to the normal state.
The watchdog timer signal for detecting malfunction can be selected either a reset output or a pseudo

non-maskable interrupt request. However, selection is possible only once after reset. At first the reset
output is selected.

When the watchdog timer is not being used for malfunction detection, it can be used as a timer to
generate an interrupt at fixed intervals.

2.4.1 Watchdog Timer Configuration

MPX reset release signal from T.G.
/22, /22 or fs/2'° —> g dock Binary Counters L R
—
fc/22', fc/2% or fs/2" e v overflow WDT output reset output
£/29, fc/22° or fs/2" c s J_)— B
fe/2'7, fc/2"® or fs/2° T |0 s clear —s Q- >—1reser
—>|
2l interrupt request
Pl > INTWDT
internal reset |
Q
S R
WDTENﬁ iti iti
WDTT 1 wrting writing WDTOUT
disable code | clear code

Controller

ooo34H ooo35H

WDTCR1 WDTCR2 Note : MPX ; Multiplexer

Watchdog timer control registers

Figure 2-10. Watchdog Timer Configuration

2.4.2 Watchdog Timer Control

Figure 2-11 shows the watchdog timer control registers (WDTCR1, WDTCR2). The watchdog timer is
automatically enabled after reset.

(1) Malfunction detection methods using the watchdog timer

The CPU malfunction is detected at follows.

@ Setting the detection time, selecting output, and clearing the binary counter.

@ Repeatedly clearing the binary counter within the setting detection time
If the CPU malfunctions such as endless looping or deadlock occur for any cause, the watchdog
timer output will become active at the rising of an overflow from the binary counters unless the
binary counters are cleared. At thistime, when WDTOUT =1 a reset is generated, which drivers the
RESET pin low to reset the internal hardware and the external circuit. When WDTOUT =0, a
watchdog timer interrupt (INTWDT) is generated.
The watchdog timer temporarily stops counting in STOP mode including warm-up or IDLE mode,
and automatically restarts (continues counting) when the STOP /IDLE mode is released.
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Example : Setsthe watchdog timer detection time to 2%'/fc [s] and resets the CPU malfunction.

LD (WDTCR2), 4EH ; Clearsthe binary counters
LD (WDTCR1),00001101B ; WDTT«10, WDTOUT«1
— LD (WDTCR2), 4EH ; Clearsthe binary counters
Within WDT (always clearimmediately after
detection time changing WDTT)
LD  (WDTCR2), 4EH ; Clearsthe binary counters
Within WDT :
detection time :
L LD  (WDTCR2), 4EH ; Clearsthe binary counters

Watchdog Timer Register 1
3 2 1 0

WDTCR1 - WOT o )
(00034, V\éRT woTT vl (Initial value : **** 1001)
Watchdog timer 0 : Disable (It is necessary to write the disable code to WDTCR2)
WDTEN .
enable/disable 1:Enable
NORMAL1/2 mode
dog i DV7CK=0 DV7CK =1 o
Watchdog timer DVICK=0 [DVICK=1|DVICK=0|DVICK=1 Write
WDTT |detectiontime [s] 00 2%54¢ 226/5¢ 217/fs 277/fs 2"/fs | only
01 25/f¢ 2%7f¢ 2"5/fs 2"/fs 2" Hs
10 2%/fc 2%/ffc 2"3/fs 2"3fs 23/fs
11 2"%/fc 2%/fc 2'"/fs 2'"fs 2"
WDTOUT Watchdog timer 0 : Interrupt request
output select 1: Reset output
Note 1 : WDTOUT cannot be set to “1” by program after clearing WDTOUT to "0”.
Note2 : fc, High-frequency clock [Hz], fs ; Low-frequency clock [Hz], *; don’t care
Note3 : WDTCRI1 is a write-only register and must not be used with any of read-modify-write instructions.

Watchdog Timer Register 2
WDTCR2 7 6 5 4 3 2 1 0
(00035,.) | : g : : g : : | (Initial value : %% %xxx)

4E,  :Watchdog timer binary counter clear

. (clear code) .
Watchdog timer control By :Watchdog timer disable Write

code write register (disable code) only
Others : Invalid

WDTCR2

Note 1 : Thedisable code is invalid unless written when WDTEN =0.

Note2 : «, don’tcare
Note 3 : The binary counter of the watchdog timer must not be cleared by the interrupt task.
Note4:  Since WDTCR2 is a write-only resister, read-modify-write instructions (e.g., bit manipulating

instructions such as SET or CLR and arithmertic instructions such as AND or OR) cannot be used for
read/write to this register.

Figure 2-11. Watchdog Timer Control Registers

(2) Watchdog timer enable
The watchdog timer is enabled by setting WDTEN (bit 3 in WDTCR1) to “1”. WDTEN is initialized to
“1" during reset, so the watchdog timer operates immediately after reset is released.
Example : Enables watchdog timer
LD (WDTCR1),00001000B ; WDTEN«1

(3) Watchdog timer disable
The watchdog timer is disabled by writing the disable code (B1y) to WDTCR2 after clearing WDTEN
(bit 3 in WDTCR1) to “0”, The watchdog timer is not disabled if this procedure is reversed and the
disable code is written to WDTCR2 before WDTEN is cleared to “0”. During disabling the watchdog
timer, the binary counters are cleared to “0”.
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Example :

Disables watchdog timer

LDW (WDTCR1),

0B101H

I

WDTEN«0, WDTCR2<«Disable code

Table 2-2. Watchdog Timer Detection Time (Example : fc=12.5 MHz, fs =32.768 kHz)

Watchdog timer detection time [s]
WDTT NORMAL1/2 mode
DV7CK =0 DV7CK =1 SLOW mode
DV1CK=0 DV1CK =1 DV1CK =0 DV1CK =1
00 2.684 5.369 4 4 4
01 671.089 m 1.342 1 1 1
10 167.772m 335.544 m 250 m 250 m 250 m
11 41.943 m 83.886 m 62.5m 62.5m 62.5m

2.4.3 Watchdog Timer Interrupt (INTWDT)

This is a pseudo non-maskable interrupt which can be accepted regardless of the contents of the EIR. If
a watchdog timer interrupt or a software interrupt is already accepted, however, the new watchdog
timer interrupt waits until the previous interrupt processing is completed (the end of the [RETN]
instruction execution).
The stack pointer (SP) should be initialized before using the watchdog timer output as an interrupt
source with WDTOUT.

Example :

LD SP,0023FH

LD (WDTCR1), 00001000B

2.4.4 Watchdog Timer Reset
If the watchdog timer output becomes active, a reset is generated, which drivers the RESET pin (sink
open drain input / output with pull-up) low to reset the internal hardware and external circuits. The
reset output time is about 8/fcgck to 24/fcgck [s] (0.64 to 1.92 us at fc = 12.5 MHz, fcgck = fc).

Watchdog timer interrupt setting up

;  Setsthe stack pointer

; WDTOUT«0

Binary counter

Overflow

INTWDT interrupt

WDT reset output

[wDTT=11p)

Note : The high-frequency clock oscillator also turns on when a watchdog timer reset is generated in
SLOW mode. The reset output time is 8/fcgck to 24/fcgck [s]. Therefore, the reset time may
include a certain amount of error if there is any fluctuation of the oscillation frequency at starting
the high-frequency clock oscillation. Thus, the reset time must be considered an approximated
value.

2%fc [s]
27/
clock I

.

0

|

writes 4E to WDTCR2

Y
|(”L” output)

Figure 2-12. Watchdog Timer Interrupt/Reset
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2.5 Divider Output (DVO)

Approximately 50 % duty pulse can be output using the divider output circuit, which is useful for
piezoelectric buzzer drive. Divider output is from pin P13 (DVO). The P13 output latch should be set to

“1" and then the P13 should be configured as an output mode.
Divider output circuit is controlled by the control register (TBTCR) shown in Figure 2-13.

7 6 5 4 3 2 1 0
TBTCR " _
(00036H)| DVOEN | DVOCK | (ov7eK) | (TBTEN) | | (TBTCK) | | (nitial value : 0%%0 0x*x)
Divider output enable / 0 : Disable
DVOEN
° disable 1:Enable
NORMAL1/2, IDLE1/2 mode SLOW,
DV7CK =0 DV7CK=1 SLEEP
i VO DVICK=0]DVICK=1|DVICK=0]DVICK=1]| mode | RW
Divider output (DVO
vock | frecuanes o ] 00 | f2® | f2" o2 o2 o2
01 fo/21 fc/2' fs/2¢ fs/2" fs/2°
10 fe/2™ fe/2" fs/23 fs/23 fs/23
11 fo/21° fo/2" fs/22 fs/22 fs/22

Note : fc; High-frequency clock [Hz], fs,; Low-frequency clock [Hz], *;don’tcare

Figure 2-13. Divider Output Control Register

Example: 1kHzpulse output (atfc=16 MHz, DV1CK=1)
SET (P1).3 ;P13 outputlatche1
LD (P1CR), 00001000B ; ConfiguresP13 asan output mode
LD (TBTCR), 10000000B ; DVOEN«1, DVOCK<«-00

Table 2-3. Divider Output Frequency (Example : at fc=12.5 MHz, fs =32.768 kHz)

Divider output frequency [kHz]
DVOCK NORMAL1/2, IDLE1/2 mode
DV7CK =0 DV7CK =1 SLOW, SLEEP mode]
DV1CK =0 DV1CK =1 DV1CK =0 DV1CK =1
00 1.526 k 0.763 k 1.024 1.024 1.024
01 3.502 1.526 2.048 2.048 2.048
10 6.104 3.502 4.096 4.096 4.096
11 12.207 6.104 8.192 8.192 8.192
output latch output enable (P1CR3)

data output m D > Jp130v0)

fc/213, f¢/214 or /25
fc/212 ,£¢/213 or fs/24

>
>4

fc/211 fc/2120rfs/23 >~—C Y

fc/210 fc/211 or fs/22 >—

DVOEN DVOEN _I

(a) Configuration (b) Timing Chart
Note : MPX; Multiplexer

P13 output latch J I—I

Divider output control register DVO pin output : .

L

Figure 2-14. Divider Output
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TOSHIBA

16-bit Timer / Counter 1 (TC1)
2.6.1 Configuration

2.6

(1DL) L 423unod / 1swiy

20041s 21um

7919341 Hg193dL
TWi93YL HviD3dL

‘SL-z ainbly

Joje22dWO) L dND
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!

!

19351684 [013U0d | D)L

L34l 9q0J1S a1 1UM
43101 |0J1UQd Uol}d31ap Uosienl D101
2|qeus g'v| 4o151bas 12w 1g-g|
LdVIS D101
D> 26601 Vi9HL g1934dL -
ainided
19531 ¢
uid seop ¢ [rewmury - pes
! _ z
Ddd 195 spow 0 s vV A \_
HTVAV o} S%chl@ eep
9Sdd SpOW MOPUIA 1
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2.6.2 Control

The timer / counter 1 is controlled by a timer / counter 1 control register (TC1CR) and two 16-bit timer
registers (TREG1A and TREG1B). Reset does not affect TREG1A and TREG1B.

TREGIA 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
(00010, 000114,) | . TREG 1A (000114) . | . . TREG1A, (00010y) , |
Write only
TREG1B
(00012, 00013 | ! TREG 1B, (00013) . | . . TREG1B,(00012y) , |
Read / Write (Writing is capable only when PPG
7 6 5 4 3 2 1 0 output mode)
SCAP1
TC1CR TFF1 MCAP1 L .
(00014y,) METT! TS TC1cK TCIM (Initial value : 0000 0000)
1 1 1

00 : Timer/ external trigger timer / event counter mode
01 : Window mode

10 : Pulse width measurement mode

11 : PPG (Programmable pulse generate) output mode

TC1M | TC1 operating mode select

NORMAL1/2, IDLE1/2 mode SLOW,
DV7CK=0 DV7CK =1 SLEEP
TC1 source clock select DVICK=0 DVICK=1 DVICK=0 DVICK=1 | mode
TCICK | [Hg] 00 fe/2™ fc/2 fs/2 fs/2° fs/2?
01 f¢/2” (DV5) fc/28 (DV5) fc/27 (DV5) fc/28 (DV5) -
10 [fc/23 10 2%(DV1G) |fc/2* to 27(DV1G) | fc/23 to 25(DV1G) | fc/2° 10 27(DVIG) [ = | \write
11 External clock (TC1 pin input) only
00 : Stop & counter clear
01 : Command start
TC1S [ TC1 start control 10 : Reserved
11 : External trigger start
SCAP1 | Software capture control 0: - 1 : Software capture trigger (Note 4)

Pulse width measurement
mode control

External trigger timer

Tri 1: Trigger start & sto
MEm ..... modecontrol .. |. (.). ..... .r.'ggﬁ.r..sfé.rf .......................... ggerstar & sto e
MPPG1 | PPG output control 0 : Pulse 1:Single
TFF1 Time F/F1 control for PPG 0 : Clear 1:set

output mode

Note 1 : fc,; High-frequency clock [Hz], fs; Low-frequency clock [Hz]

Note2 : Writing to the lower byte of the timer registers (TREG1A;, TREG1B;), the comparison is inhibited until
the upper byte (TREG1Ay, TREG1By) is written. Only the lower byte of the timer registers can not be
changed. After writing to the upper byte, any match during 1 machine cycle (instruction execution cycle)

is ignored.

Note 3 : Set the mode, source clock, edge (including INT2ES), PPG control and timer F/F control when TC1 stops
(TC15 =00).

Note4 : Software capture can be used in only timer and event counter modes. SCAP1 is automatically cleared to
“0” after capturing.

Note5 : Values to be loaded to timer registers must satisfy the following condition.

TREG1A>TREG1B>0 (PPG output mode), TREG1A >0 (others)

Note 6 : Always write “0” to TFF1 except PPG output mode.

Note7 : TCIR and TREG1A are write-only registers and must not be used with any of the read-modify-write
instructions such as SET, CLR, etc.

Note 8 :  Writing to the TREG1B is not possible unless TC1 is set to the PPG output mode.

Figure 2-16. Timer registers and TC1 Control Register
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2.6.3 Function
Timer/ counter 1 has six operating modes : timer, external trigger timer, event counter, window, pulse
width measurement, programmable pulse generator output mode.

(1)Timer mode
In this mode, counting up is performed using the internal clock. The contents of TREG1A are
compared with the contents of up-counter. If a match is found, an INTTC1 interrupt is generated,
and the counter is cleared to “0”. Counting up resumes after the counter is cleared. The current
contents of up-counter can be transferred to TREG1B by setting SCAP1 (bit 6 in TC1CR) to “1”
(software capture function). SCAP1 is automatically cleared after capturing.

Table 2-4. Source Clock (internal clock) for Timer/ Counter 1 (Example : at fc=12.5 MHz, fs =32.768 kHz)

NORMAL1/2, IDLE1/2 mode
DV7CK =0 DV7CK =1
TC1CK DV1CK =0 DV1CK =1 DV1CK=0 DV1CK =1
Resolution Maximum Resolution Maximum Resolution Maximum Resolution Maximum
[s] time setting [s] time setting [s] time setting [s] time setting
00 163.84 10.8 s 327.68 215 s 24414 16.0 s 24414 16.0 s
01 10.24 0.64 s 20.48 1.28 s 10.24 0.64 s 20.48 1.28 s
10 0.64 41.92 ms 1.28 83.84 ms 0.64 4192 m 1.28 83.84 ms
SLOW, SLEEP mode
TC1CK ["Resolution | Maximum
[ 5] time setting
00 244.14 16.0
01 - -
10 = =
Example 1 : Setsthe timer mode with source clock fs/23 [Hz] and generates an interrupt 1 later (at

fs =32.8 kHz)
LD (TC1CR), 00010000B ; Setsthe TC1 mode and source clock
LDW (TREG1A), 1000H ; Setsthe timerregister (1s+23/fs=1000R)
SET (EIRL).EF4 ;  Enable INTTC1
El
LD (TC1CR), 00010000B ; StartsTC1

Note : TCICR is a wire-only register and must not be used with [SET (TC1CR). 4]

instruction.
Example2 : Software capture
LD (TC1CR),01010000B ; SCAP1«1 (Capture)
LD WA, (TREG1B) ;  Readsthe capture value

3-60-61




TOSHIBA UNDER DEVELOPMENT TMP88C060

Command start

Source clock |||:|||||||I|||||||I|||||I|||||I|||||
1
1

Up-counter 0 X1X2XEX4X_2:’ Xn—1XEXOX1X2X3X4X5X6X7X:

TREGIA 2?2 X n D

1
INTTC1 interrupt i Match detect JI Counter clear

(a) Timer mode

ok I U I I I I P O
vpcounter X m2 X m i X m Xmrt Xmz X "X 77X » Xoet X

Capture Capture
TREG1B 2 XY m XY n

SCAP1 |_| ﬂ

(b) Software capture

Figure 2-17. Timer Mode Timing Chart

(2) External trigger timer mode

In this mode, counting up is started by an external trigger. This trigger is the edge of the TC1 pin
input. Either the rising or falling edge can be selected with IBT2ES in EINTCR. Edge selection is the
same as for INT2 pin. Source clock is an internal clock selected with TC1CK. The contents of TREG1A
is compared with the contents of up-counter. If a match is found, an INTTC1 interrupt is generated,
and the counter is cleared to “0"” and halted. The counter is restarted by the selected edge of the
TC1 pin input.

When METT1 (bit 6 in TC1CR) is “1”, inputting the edge to the reverse direction of the trigger edge
to start counting clears the counter, and the counter is stopped. Inputting a constant pulse width
can generate interrupts. When METT1 is “0”, the reverse directive edge input is ignored. The TC1
pin input edge before a match detection is also ignored.

The TC1 pin input has the same noise rejection as the INT2 pin; therefore, pulses of 7/fc[s] or less are
rejected as noise. A pulse width of 24/fc [s] or more is required for edge detection in NORMALT1, 2 or
IDLE1, 2 mode. The noise rejection circuit is turned off in SLOW and SLEEP modes. But, a pulse
width of one machine cycle or more is required.

Example1 : Detectsrising edge in TC1 pin input and generates an interrupt 100 us later. (at
fc=12.5MHz, DV1CK=1)
LD (EINTCR), 00000000B ; INT2ES<0 (rising edge)
LDW (TREG1A),004EH ; 100 us+24/fc=4Ey
SET (EIRL).EF4 ; INTTC1 interrupt enable
El
LD (TC1CR), 00111000B ; TC1 external triggerstart, METT1=0

Example2 : Generatesan interrupt, inputting “L” level pulse (pulse width : 4 ms or more) to
the TC1 pin. (at fc=12.5 MHz, DV1CK =1)
LD (EINTCR), 00000100B ; [INT2ES«1 (“L" level)
LDW (TREG1A),00C3H ; 4ms+28/fc=C3H
SET (EIRL).EF4 ; INTTC1 interrupt enable
El
LD (TC1CR),01110100B ; TC1 external trigger start, METT1=1
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Count start Count start INT2ES =0 at

. * ] | ; therising edge
TC1 pin input Trigger « *Trlgger g edg

H

1
1
Internalclock||||||:|||||||||||||||||||||||||
1
! ¢
Up-counter o X0 X 2XGX T XXX X XX
]

TREGIA ? X n .

Match detect \ Counter clear
INTTC1 interrupt I-r

(a) Triggerstart (METT1=0)

Count start Count clear Countstart
TC1 pin input }Tr' er *Trigger }Tr' er INT2ES=0
: 99 : 199 at therising

edge
Internal clock

up-counter 0 XX XXX XXX Note :m<n

TREG1A X0 )

Match detect & Counter clear

INTTC1 interrupt

(b) Trigger start & Stop (METT1=1)

Figure 2-18. External Trigger Timer Mode Timing Chart

(3) Event counter mode
In this mode, events are counted at the edge of the TC1 pin input. Either the rising or falling edge
can be selected with INT2ES in EINTCR. Edge selection is the same as for INT2 pin. The contents of
TREG1A are compared with the contents of up-counter. If a match is found, an INTTC1 interrupt is
generated, and the counter is cleared. This maximum applied frequency is shown in table 2-5.
Setting SCAP1 to “1” transfers the current contents of up-counter to TREG1B (software capture
function). SCAP1 is automatically cleared after capturing.

Command start

Y
TC1 pin input | |i | | | | |_| g |_|_| |_| |_| | INT2ES = 1

1 : : at the falling

Up-counter 0 X 1 X 2 X s X n-1 Xn XoxX_ 1 X 2 edge

TREGIA ? X n b
T

H Match detect Counter clear
| A

INTTC1 interrupt

Figure 2-19. Event Counter Mode Timing Chart

Table 2-5. Timer/Counter 1 External Clock Source

Maximum applied frequency [Hz]
NORMAL1/2, IDLE1/2 mode SLOW, SLEEP mode
fcqck/2* fs/2*
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(4) Window mode

Counting up is performed on the rising edge of the pulse that is the logical AND-ed product of the
TC1 pin input (window pulse) and an internal clock. The contents of TREG1A are compared with the
contents of up-counter. If a match is found, an INTTC1 interrupt is generated, and the counter is
cleared. Positive or negative logic for the TC1 pin input can be selected. Edge selection is the same
as for INT2 pin. Setting SCAP to “1” transfers the current contents of up-counter to TREG1B.

It is necessary that the maximum applied frequency be such that the counter value can be analyzed
by the program. That is ; the frequency must be considerably slower than the selected internal
clock.

Command start

TC1 pin input ¢ | I

Internal clock

5 EX 1 XZX 3 XZX 5 X6 XTXo X X2 XX

Up-counter 0
TREGIA ? X 7 )

i Match detect Counter c
INTTC1 interrupt atch detec kn} ounter clear

(a) Positive logic (at INT2ES = 0)
Command start

TC1 pin input H | ,—I

Internal clock

Up-counter

TREG1A

INTTC1 interrupt Match detec'N_I/c_ounter clear

(b) Negative logic (at INT2ES = 1)

Figure 2-20. Window Mode Timing Chart

(5) Pulse width measurement mode

Counting is started by the external trigger (set to external trigger start by TC1S). The trigger can be
selected either the rising or falling edge of the TC1 pin input. the source clock is used an internal
clock. On the next falling (rising) edge, the counter contents are transferred to TREG1B and an
INTTC1 interrupt is generated. The counter is cleared when the single edge capture mode is set.
When double edge capture is set, the counter continues and, at the next rising (falling) edge, the
counter contents are again transferred to TREG1B. If a falling (rising) edge capture value is
required, it is necessary to read out TREG1B contents until a rising (falling) edge is detected. Falling
or rising edge is selected with INT2ES, and single edge or double edge is selected with MCAP1 (bit 6
in TC1CR).
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Example: Duty measurement (resolution f¢/27 [Hz] DV1CK =0)

PINTTC1 :

SINTTC1 :

VINTTC1T :

TC1 pin

INTTC1SW

CLR

(INTTC1SW).0 ;

LD (EINTCR), 00000000B ;
LD (TC1CR), 00000110B ;

SET  (EIRL). EF4
El

7

LD (TC1CR),00110110B ;

CPL (INTTC1SW).0 ;

JRS  F,SINTTC1

LD (HPULSE), (TREG1BL) ;
LD (HPULSE + 1), (TREG1BH)

RETI

LD (WIDTH), (TREG1BL) ;
LD (WIDTH + 1), (TREG1BH)

RETI

DW PINTTC1

I

WIDTH

INTTC1 service switch initial setting

Sets the rise edge at the INT2 edge

Sets the TC1 mode and source clock

Enables INTTC1

Starts TC1 with an external trigger at MCAP1=0

Complements INTTC1 service switch

Reads TREG1B (“H" level pulse width)

Reads TREG1B (Period)

Duty calculation

HPULSE
-————

: z
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Count start « Count start

TC1 pin input A Trigger i Y « A (INT2ES = 0)

H : 1

Internal clock

Up-counter

TREG1B

INTTC1 interrupt rl

[Application] High or low pulse width measurement

(a) Single edge capture (MCAP1=1)

Count start « Count start

ni n =
TC1 pin input l Y « ‘ (INT2ES =0)

Internal clock

Up-counter

TREG1B

INTTC1 interrupt rl rl

[Application] @ Period/Frequency measurement
@ Duty measurement

(b) Double edge capture (MICAP1 =0)

Figure 2-21. Pulse Measurement Mode Timing Chart
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(6) Programmable Pulse Generate (PPG) output mode
Counting is started by an edge of the TC1 pin input (either the rising or falling edge can be selected)
or by a command. The source clock is used an internal clock. First, the contents of TREG1B are
compared with the contents of the up-counter. If a match is found, timer F/F1 output is toggled.
When MPPG1 =0, an INTTC1 interrupt is generated. Next, timer F/F is again toggled and the
counter is cleared by matching with TREG1A. An INTTC1 interrupt is generated at this time. Timer
F/F output is connected to the P14 (PPG) pin. In the case of PPG output, set the P14 output latch to
“1" and configure as an output with P1CR4. timer F/F1 is cleared to “0” during reset. The timer F/F1
value can also be set by TFF1 (bit 7 in TC1CR) and either a positive or negative logic pulse output is
available. Also, writing to the TREG1B is not possible unless the timer / counter 1 is set to the PPG

output mode with TC1M.
Example . Pulse output “"H" level 800 s, “L" level 200 us (at fc=12.5 MHz, DV1CK = 1)
SET (P1).4 ;P14 output latche1

LD  (P1CR), 00010000B ;  Setsthe P14 output mode
LD (TC1CR), 10001011B ; Setsthe PPG output mode
LDW (TREG1A), 03E8H ;  Setsthe period (1 ms+ 1 xs=03E8R)
LDW (TREG1B), 00C8H ;  Sets “L” level pulse width
(200 s =1 xs=00C8Y)
LD (TC1CR), 10011011B ;  Starts

P14 output latch

Data output

TFF1 > b set Output enable
TC1CR write strobe | P14.(PPG) pin
Internal reset > pclear Q ’ || (PPG) p

Match with TREG1B >—_D toqgle
Match with TREG1A >—— 99

Bl i

INTTC1 interrupt=<Y Timer F/F1
A
MPX 5 TC1S clear )
Note : MPX; Multiplexer
MPPG1

Figure 2-22. PPG Output
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Internal clock | | | | | |55| | | | | |55| | | | | | | |§| | | | | |§| | | | | |Commandstart

2 n Xn+1 0X 1 2

Up-counter 0 X 1 2 n Xn+1 0X 1

TREG1B:X n
TREG1A:X m 1N

I 1
INTTC1 interrupt i_l i‘l i—l |—| Note :m>n

(a) Pulse

¢
match\
]

Count start

TC1 pin input }Trigger

Internal clock I|I|||||||||||||||||||||||||||||

| External trigger start

Up-counter 0 1 n Xn+1 0
TREG1B:X n )
match\

TREG1A:X m | N

PPG pin output —f
!
INTTC1 interrupt l'l Note :m>n
[Application] One shot pulse output
(b) Single

Figure 2-23. PPG Output Mode Timing Chart
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2.7 16-bit Timer/Counter 2 (TC2)
2.7.1 Configuration
MPX TC2S
TC2pin O H
) MPX
Window
/23, fc/2% or £s/2"> >—>|A clear
fC/ZH, fc/2" or fs/2° »—>|B Timer/ Y 16-bit up-counter
fc/28 or fc/2° »—>|C v event counter Source
fc/2? or f¢/2* >—>|D clock
fcgck >—>E
fs >—>F
s | match [, INTTC2
3 interrupt
TC2CK TCTZS enable
match detect control
TC2CR TREG2 T T

TC2 control register

16-bit timer register 2

TREG2H TREG2L
write strobe write strobe

Note : MPX ; Multiplexer
CMP ; Comparator

Figure 2-24. Timer/Counter 2 (TC2)
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2.7.2 Control
The timer / counter 2 is controlled by a timer / counter 2 control register (TC2CR) and a 16-bit timer
register 2 (TREG2). Reset does not affect TREG2.

TREG2 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

00016, :
( 20017, | . TREG2y (00017}) . : . TREG2L (00016) .
Write only
cacR 43 2 1.0
(00015,) TC2CK | | = (Initial value : ¥+00 00%0)
TC2M TC2 0 : Timer/ event counter mode
operating mode select | 1: Windou mode
NORMAL1/2, IDLE1/2 mode
DV7CK=0 DV7CK =1 ?TI"S(;Z 2‘55:
DV1CK=0 DV1CK=1 DV1CK=0 DV1CK =1
000 2% fe2? fs/2"® fs/2"® 52" | fsi2"®
001 o2 fc2™ fs/2° fs12° fs/2° fs12°
TC2CK [ TC2 010 for2® fcr2® fer2® fe2® - - Write

source clock select [Hz] | 011 | t2%t02°0V16) | te2® 1027 DviG) | f2*t02°VIG) | fe2*t02”(OVIG) | - - | only
100 - - - - fegek -
101 fs fs fs fs - -
110 | reserved
111 | External clock (TC2 pin input)

TC25 TC2 0 : Stop and counter clear
start control 1: Start

Note 1 :  fc,; High-frequency clock [Hz], fs; Low-frequency clock [Hz], fcgck ; Gear clock [Hz] * ; don’t care

Note2 :  Writing to the lower byte of timer register 2 (TREG2;), the comparison is inhibited until the upper byte (TREG2y) is
written. After writing to the upper byte, any match during 1 machine cycle (instructon execution cycle) is ignored.

Note 3 :  Set the mode and source clock when the TC2 stops (TC2S =0).

Note4 :  Values to be loaded to the timer register must satisfy the following condition.
TREG2>0(TREG215¢, 17>>0 at warm-up)
Note5 :  “fcgck” can be loaded as the source clock only in the timer mode during the SLOW mode.
Note6 : TC2CR and TREG2 are write-only registers and must not be used with any of the read-modify-write instructions such

as SET, CLR, etc.

Figure 2-25. Timer Register 2 and TC2 Control Register
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2.7.3 Function
The timer / counter 2 has three operating modes: timer, event counter and window modes. Also timer
/ counter 2 is used for warm-up when switching from SLOW mode to NORMAL2 mode.

(1) Timer mode

In this mode, the internal clock is used for counting up. The contents of TREG2 are compared with
the contents of up-counter. If a match is found, a timer/ counter 2 interrupt (INTTC2) is generated,
and the counter is cleared. Counting up is resumed after the counter is cleared.
Also, when “fcgck” is selected as the source clock during SLOW mode, the lower 11 bits of TREG2
are ignored and an INTTC2 interrupt is generated by matching the upper 5 bits. Thus, in this case,
only the TREG2H setting is necessary.

Table 2-6. Source Clock (internal clock) for Timer/ Counter 2 (at fc=12.5 MHz, fs =32.768 kHz)

mode to NORMAL2 mode. (80.0 ns at fcgck = fc)

NORMAL1/2, IDLE1/2 mode
DV7CK =0 DV7CK=1
TC2¢K DV1CK=0 DVICK=1 DVICK=0 DV1CK =1
. Maximum . Maximum . Maximum . Maximum
Resolution . . Resolution . . Resolution . . Resolution . .

time setting time setting time setting time setting
000 671 ms 122 h 1.345 24.4h 1 S 18.2 h 1 S 18.2 h
001 655.36 us 430 s 1.31ms 1.4 min 0.98 ms 1.07 min 0.98 ms 1.07 min
010 20.48 us 1.34s 40.96 s 2.7s 20.48 us 1.345 40.96 us 2.7 s
011 0.64 us 41.92 ms 1.28 us 83.8ms 0.64 us 41.92ms 1.28 us 83.84ms
100 - - - - - - - -
101 30.5 us 2 S 30.5 us 2 s 30.5 us 2 S 30.5 us 2 S

SLOW mode SLEEP mode
TC2CK : : - -
Resolution (s) Mammum time Resolution (s) Mammum time
setting setting

000 1 S 18.2 h 1 S 18.2 h

001 0.98 ms 1.07 min 0.98 ms 1.07 min

01%* - - - -

100 80.0 ns (Note) - - -

101 = = — —

Note : “fcgck” can be used only in the timer mode. It is used for warm-up when switching from SLOW

Example : Sets the timer mode with source clock fc/2% [Hz] and generates an interrupt every 25 ms
(at fc=12.5 MHz, DV1CK = 1).

LD (TC2CR), 00101100B ;
LDW (TREG2), 4C4BH

SET (EIRH). EF14

El

LD (TC2CR), 00101100B ;

Sets the TC2 mede and source clock.

;. Sets TREG2 (25 ms + 24/fc = 4C4BR)
; EnablesINTTC2 interrupt

Starts TC2
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(2) Event counter mode
In this mode, events are counted on the rising edge of the TC2 pin input. The contents of TREG2 are
compared with the contents of the up-counter. If a match is found, an INTTC2 interrupt is
generated, and the counter is cleared. The maximum frequency applied to the TC2 pin is shown in
table 2-7. Two or more machine cycles are required for both the “"H" and “L" levels of the pulse
width.

Example : Setsthe event counter mode and generates an INTTC2 interrupt 640 counts later.
LD (TC2CR),00011100B ; Setsthe TC2 mode
LDW (TREG2), 640 ;  SetsTREG2
SET (EIRH). EF14 ; Enables INTTC2 interrupt
El
LD (TC2CR),00111100B ; StartsTC2

Table 2-7. Timer/Counter 2 External Clock Source

Maximum applied frequency [Hz]
NORMAL1/2, IDLE1/2 mode SLOW, SLEEP mode
fcack/2* fs/2*

(3) Window mode
In this mode, counting up performed on the rising edge of an internal clock during TC2 external pin
input (window pulse) is “H" level. The internal clock is selected with TC2CK. The contents of TREG2
are compared with the contents of up-counter. If a match found, an INTTC2 interrupt is generated,
and the up-counteris cleared.
The maximum applied frequency (TC2 input) must be considerably slower than the selected internal

clock.
Example : Generates an interrupt, inputting “H"” level pulse width of 120 ms or more.
(atfc=12.5 MHz, DV1CK =1)
LD (TC2CR), 00000101B ; Setsthe TC2 mode and source clock
LDW (TREG2),005BH ; Sets TREG2 (120 ms +214/fc=005BR)
SET (EIRH). EF14 ; EnablesINTTC2 interrupt
El
LD (TC2CR),00100101B ; StartsTC2
TC2 pin input

1 1
1 1
Internal clock ]—I—I_l_l_l_l.iﬂ_l_l—l_m_rrl—rl—l—l_ﬁ—l_l_l—l—l_rl—l—l_r
1
1 1
Up-counter 0 X1 X2X X3k n-2 Xo-XnXoX T X2 X3)

TREG2 X n s
Match detect kn) Counter clear

INTTC2 interrupt

Figure 2-26. Window Mode Timing Chart
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2.8 8-bit Timer/Counter 3 (TC3)

2.8.1 Configuration

y inhibit

rising

Capture
control

Edge
detector

falling

TC3IN
INT3ES

TC3M |

TC3S

INTTC3
interrupt

clear

Source clock

fc/23, fc/2" or fs/2°

-

fc/2'?, /2" or fs/24——>]
fc/2", f¢/22 or fs/23——
fc/2'°, f¢/2" or fs/22——>|
fc/2°, fc/2'° or fs/2 ——>
fc/28 or fc/2°——>
fc/2” or fc/28——>

OmMmQgNwW>»I

w

TC3CK

TC3S

8-bit up-counter

overflow

TC3M

L

!

Dapture

TREG3B

TREG3A

SCAP

8-bit timer register 3A, B

[ ¥

TC3CR

TC3 control register

match

<SP E— |

Note : MPX ; Multiplexer
CMP ; Comparator

Figure 2-27. Timer/Counter 3 (TC3)
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2.8.2 Control
The timer / counter 3 is controlled by a timer / counter 3 control register (TC3CR) and two 8-bit timer
registers (TREG3A and TREG3B)

TREG3A : T : : T : : !
(00018H) | : : : : : : : | Read / Write
TREG3B : T : : T : :
(00019H) | : : : : : : : | Read only
7 6 5 4 3 2 1 0
TC3CR e TS - .
(0001AY) Lo [scap| [ Tc3s | TC3CK, [Tcam| (Initial value : *0%0 0000)
TC3M TC3 . 0: Timer/ event counter
operation mode set 1: Capture
NORMAL1/2, IDLE1/2 mode SLOW,
DV7CK=0 DV7CK =1 SLEEP
DV1CK=0|DV1ICK=1|DV1CK=0 |DVICK=1 mode
TC3 000 fc/2® fc/2 fs/2° fs/2° fs/2° .
TC3CK 001 fc/2"? fc/2"3 fs/24 fs/24 fs/24 Write
source clock select [Hz] 010 /2" fe/212 fs/23 fs/23 — onl
011 | fe2" fo/2" fs/22 fs/22 - y
100 fc/2° fc/2% fs/2 fs/2 -
101 fc/28 fc/2° fc/28 fe/2° -
110 [fc/27 (DV5) | fc/28 (DV5) | fc/27 (DV5) | fc/28 (DV5) -
111 | External clock (TC3 pin input)
TC3S TC3 0: Stop & clear
start select 1: Start
SCAP Software capture control 0: - .
1 : Software capture trigger

Note 1 : fc: High-frequency clock [Hz], fs : Low-frequency clock [Hz],  : don’t care
Note2 : Setthe mode, the source clock and the edge selection (INT3ES) when the TC3 stops (TC3S =0).

Note 3 : Software capture can be used only in the timer and event counter mode. SCAP is automatically cleared to
“0” after capturing.

Note4 : Values to be loaded into timer register 3A must satisfy the following condition.
TREG3A >0 (in the timer and event counter mode)

Note5 : TC3CR is a write-only register and must not be used with any of read -modify-write instructions such as
SET, CLR, etc.

Figure 2-28. Timer Register 3 and TC3 Control Register

2.8.3 Function
The timer/ counter 3 has three operating modes : timer, event counter, and capture mode.
When it is used in the capture mode, the noise rejection time of TC3 pin input can be set by remote
control receive control register.

(1) Timer mode
In this mode, the internal clock is used for counting up. The contents of TREG3A are compared with
the contents of up-counter. If a match is found, a timer/ counter 3 interrupt (INTTC3) is generated,
and the up-counter is cleared. Counting up resumes after the up-counter is cleared. The current
contents of up-counter are loaded into TREG3B by setting SCAP (bit 6 in TC3CR) to “1”. SCAP is
automatically cleared after capturing.
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Table 2-8. Source Clock (internal clock) for Timer/ Counter 3 (Example : at fc=12.5 MHz, fs =32.768 kHz)

(2) Event counter mode
In this mode, the TC3 pin input pulses are used for counting up. Either the rising or falling edge can
be selected. Edge selection is the same as for INT3 pin. The contents of TREG3A are compared with
the contents of the up-counter. If a match is found, an INTTC3 interrupt is generated and the

counter is cleared.

NORMAL1/2, IDLE1/2 mode
DV7CK=0 DV7CK =1
TC3CK DV1CK=0 DV1CK =1 DV1CK=0 DV1CK =1
. Maximum . Maximum . Maximum . Maximum
Resolution . . Resolution . . Resolution . . Resolution . .
setting time setting time setting time setting time
[/AS] [mS] [/AS] [ms] [/AS] [ms] [/AS] [mS]
000 655.36 167.8 1310.72 334.2 976.56 249.0 976.56 249.0
001 327.68 83.6 655.36 167.8 488.28 124.5 488.28 124.5
010 163.84 41.7 327.68 83.6 244.14 62.3 24414 62.3
011 81.92 20.9 163.84 41.7 122.07 31.1 122.07 31.1
100 40.96 10.5 81.92 209 61.01 15.6 61.01 15.6
101 20.48 5.2 40.96 10.5 20.48 5.2 40.96 10.5
110 10.24 2.6 20.48 5.2 10.24 2.6 20.48 52
SLOW, SLEEP mode
TC3CK | Resolution Maximum
Lus] setting time
# [ms]
000 976.56 249.0
001 488.28 124.5
01* - -
10* - -
110 - -

The maximum applied frequency is shown in table 2-9. Two or more machine cycles are required for

both the high and low levels of the pulse width.

The current contents of up-counter are loaded into TREG3B by setting SCAP (bit 6 in TC3CR) to “1”.

SCAP is automatically cleared to “0” after capturing.

Example : Generates an interrupt every 0.5, inputting 50 Hz pulses to the TC3 pin.

LD
LD

(TREG3A), 194 ;
(TC3CR), 00011110B ;

Table 2-9. Source Clock (External Clock) for Timer/Counter

0.5s+1/50=25=19y
Starts TC3

Maximum applied frequency [Hz]

NORMAL1/2, IDLE1/2 mode

SLOW, SLEEP mode

fcgek/2*

fs/2*
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(3) Capture mode

The pulse width, period and duty of the TC3 pin input are measured in this mode, which can be
used in decoding the remote control signals or distinguishing AC 50/60 Hz, etc. The counter is
free running by the internal clock. Either the rising or falling edge can be selected. Edge
selection the same as for INT3 pin. On the rising (falling) edge of the TC3 pin input, the current
contents of counter is loaded into TREG3A, then the up-counter is cleared to “0” and an INTTC3
interrupt is generated. On the falling (rising) edge of the TC3 pin input, the current contents of
the counter is loaded into TREG3B. In this case, counting continues. On the next rising (falling)
edge of the TC3 pin input, the current contents of counter are loaded into TREG3A, then the
counter is cleared again and an interrupt is generated. If the counter overflows before the edge
is detected. FF is set into TREG3A, and the counter is cleared and an INTTC3 interrupt is
generated. During interrupt processing, it can be determined whether or not there is an
overflow by checking whether or not the TREG3A value is FFy4. Also, after an interrupt (capture
to TREG3A, or overflow detection) is generated, capture and overflow detection are halted until
TREG3A has been read out ; however, the counter continues. As reading out TREG3A resumes
capture / overflow detection, TREG3B must be beforehand read out.

Source clock |||||||||||||||||||||||||||||||||||||||||
Up-counter k=2 Xk XK X Koo Km Ko X A= XXX T X 2 X3 X X e XA X2 X 3)

TC3 pininput J\ !\ |_|

1
TREG3A Xk \ X n P\ X FF (Overflow)
i ] I I i
TREG3B i : X FEE
' Capture i Capture i Overflow
INTTC3 interrupt |-| M |'|

Reading TREG3A M M M

Figure 2-29. Capture Mode Timing Chart (at INT3ES =0)

The edge of TC3 pin input is detected in the remote control receive circuit with noize rejection. The
remote control receive circuit is controlled by the remote control receive control register (RCCR).
The romote control receive status register (RCSR) can monitor the porality selection and noize
rejection circuit.

rising
Polarity Noise reject circuit > 3 Capture
TGIN = selest (5-bit up-down counter) Edgedetector | _ J control
MPX falling
fc/28 or f¢/2° A
TC3 B Y
Source clock S
RCSCK 5
RPOLS RCNC RCNF RCOVF RNCM

RCCR/RCSR

Note : MPX ; Multiplexer

Remote control receive control / status register

Figure 2-30. Remote Control Receiving Circuit
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RCCR
(0001FH) i [ RPOLs [ Resck | ] | RCNC ] | (nitial value : x001 1111)
Remote control signal polarity 0 : Positive
RPOLS .
select 1: Negative
NORMAL1/2, IDLE1/2 mode SLOW,
o DV7CK =0 DV7CK = 1 SLEEP | R/W
Noise reject circuit
RCSCK s lock select DV1CK=0 | DVICK=1 | DV1CK=0 [ DV1CK=1 | mode
ource clock selec
00 28/fc 2%/fc - - -
1" TC3CK (Note2)
Noise reject time select Write
RCNC (Source clock) x (RCNC-1) [s]
024 =RCNC=1Fy only
Note 1 : Set RPOLS and RCSCK when the timer/ counter stops (TC3S =0)
Note2 : Source clock of timer/ counter 3
Note3 : fc, High-frequency clock [Hz], * ; don’t care
Note4:  RCCR include a write-only register and must not be used with any of the read-modify-write
instructions.
RCSR .......................................
(0001Fw) | ReNF | RPOLS | Resck [RCOVE[RNCM | & i E (initial value : 0000 0xxx)
RCNF Remote control signal monitor 0 : Without noise Read
after noise rejecter 1 : With noise only
Remote control signal polarity 0: Positive
RPOLS .
select 1: Negative
NORMAL1/2, IDLE1/2 mode SLOW,
L DV7CK =0 DV7CK = 1 SLEEP | R/W
Noise reject circuit
RCSCK DV1CK=0 | DV1CK=1 | DV1CK=0 | DV1CK=1 | mode
Source clock select
00 28/f¢ 2%fc - - -
11 TC3CK Note2
. . o 0 : Signal and definition by overwriting the noise reject
Noise reject circuit Overflow .
RCOVF fl time RCNC
a
o 1 : Other than above Read
, , INT3ES =0 INT3ES =1 only
Remote control signal monitor
RNCM ) ) 0 0 1
after noise rejecter
1 1 0
Note 1 : Reading out the register RCSR resets RCNF and RCOVF.
Note2 : Source clock of timer/ counter 3
Note 3 : When a 5-bit up-down counter counts down to “0” after counting up, the RCNF defines to be noise.

Note4 : fc; High-frequency clock [Hz], * ; don’t care

Figure 2-31. Remote Control Receive Control Register and Remote Control Receive Status Register

3-60-77



TOSHIBA UNDER DEVELOPMENT TMP88C060

Table 2-10. Combination between The Porality and The Edge Selection

TC3 pin input pulse
RPOLS INT3ES (Interrupt occurrence Measuremont
is shown as allow.)

o4

Note1 : When TC3CK is used in RCSCK, do not select an external clock to the
TC3CK.

Note2 :  Starting remote control receive detects an interrupt occurrence edge
first.
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2.9 8-bit Timer/Counter (TC4)
2.9.1 Configuration

IN3'/4ES

fc/2” or f¢/28 >—>
fc/23 or f¢/2% )>—

clear

clock overfolw
Y 8-BIT UP-COUNTER D_‘,

D
fc/2", /2" or fs/23>—>| A
B
C

fc/2° or f¢/26>—
fc/22>—>

Timer F/F4  PWNI4/PDO4

fc/2>—>
fe>—

Ioamm
>

O

clear

>

3

pin

Q—{>—0n

> tioggle

> clear

TC4aCK

TFF4 TC4S TC4M
2 ,1V T 2

[ reax | [ weess | e 2

TC4 control register 8-bit timer register 4 INTTCA TCam; TFra

ﬁ ﬁ interrupt

PWM Decoder

Note : MPX,; Multiplexer
CMP ; Comparator

Figure 2-33. Timer/Counter 4 (TC4)
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2.9.2 Control
The timer / counter 4 is controlled by a timer / counter 4 control register (TCACR) and an 8-bit timer
register 4 (TREG4). Reset does not affect TREGA.

TREG4 7 6 5 4 3 2 1 0
(0001Bw) | : : : : | Write only
TC4CR 7 6 5 4 3 2 1 0
0001Cw) [ trra  [rcack|TCas| Tcack TCaM | (initial value : 0000 0000)
00 : Timer/event counter mode
. 01 : reserved
TCAM TC4 operating mode select .
10 : Programmable divider output (PDO) mode
11 : Pulse width modulation (PWM) output mode
NORMAL1/2, IDLE1/2 mode SLOW,
DV7CK =0 DV7CK =1 SLEEP
DV1CK=0 DV1ICK =1 DV1CK=0 DVICK =1 mode
000 fe2" fe2"? fs/23 fs/23 1523
TC4 source clock select [Hz] | 001 fc/2” (DV5) /28 (DV5) fe/27 (DV5) fc/28 (DV5) -
TC4CK | (insequence frombit5,3,2) (010 f2°t02°(DV1G) | fe2*to2” (DVIG) | fe2®t02%(DVIG) | fe2*to 2 (DVIG) = write
011 [ External clock (TC4 pin input)
100 | fc2°t02°(DV3G) | fer2%t027 (DV3G) | fer2®t028(DV3G) | fe/2%to 27 (DV3G) - only
101 fer2? fer2? fer2? fer2? -
110 fe2 fer2 fer2 fci2 -
11 fc fc fc fc -
0 : Stop &clear clear
TC4S TC4 start control
1: Start
00 : Clear
. 01 : Toggle
TFF4 Timer F/F4 control
10 : Reset
1M: - Note 3
Note 1 :  fc,; High-frequency clock [Hz], fs; Low-frequency clock [Hz], = ; don’t care
Note2 : Set the operating mode, the source clock selection, the edge selection (INT4ES) and timer F/F4 control
when the TC4 stops (TC4S =0)
Note3 : SetTFF4to “11” in the timer and event counter mode and PWM mode.
Note4 : Values to be loaded to the timer register must satisfy the following condition.
(a) 5 - fc/fcgck< TREG4< 251 in PWM output mode
(b) 0< TREG4 in others
Note5 :  The source clock fc/2?, fc/2 and fc must be used in only PWM output mode.
Note 6 : TC4CR is a write-only register and must not be used with any of the read-modify-write instructions such as
SET, CLR. etc.

Figure 2-34. Timer Register 4 and TC4 Control Register
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2.9.3 Function
The timer / counter 4 has four operating modes: timer, event counter, programmable divider output,
and PWM output mode.

(1) Timer mode

In this mode, the internal clock is used for counting up. The contents of TREG4 are compared with
the contents of up-counter. If a match is found, an INTTC4 interrupt is generated and the up-
counteris cleared to "0”. Counting up resumes after the up-counter is cleared.

Table 2-11. Source Clock (internal clock) for Timer/ Counter 4 (Example: at fc=12.5 MHz, fs =32.768 kHz)

(2) Event counter mode
In this mode, the TC4 pin input (external clock) pulse is used for counting up. Either the rising or
falling edge can be selected with TC4ES (bit 4 in EINTCR).
The contents of the TREG4 are compared with the contents of the up-counter. If a match is found,
an INTTC4 interrupt is generated and the counter is cleared. Counting up resumes after the up-
counter is cleared. The maximum applied frequency is shown in table 2-12. Two or more machine
cycles are required for both the high and low levels of the pulse width.

Table 2-12. Timer/Counter 4 External Clock Source

NORMAL1/2, IDLE1/2 mode
DV7CK=0 DV7CK =1
Tcack DV1CK=0 : DVICK =1 . DV1CK=0 : DV1CK=1 :
. Maximum . Maximum . Maximum . Maximum
Resolution . . Resolution ) . Resolution . . Resolution . .
setting time setting time setting time setting time
[s] (5] [ps] [ps]
[s] [s] [s] [s]
000 163.84 41.7m 327.68 83.6m 244.14 62.2m 24414 62.2m
001 10.24 2.6m 20.48 52m 10.24 2.6m 20.48 52m
010 0.64 163.2 1.28 326 4 0.64 163.2 u 1.28 326 4
100 2.56 653 4 5.12 1306y 2.56 653 4 5.12 1306 4
SLOW, SLEEP mode
TCACK Resolution Ma,XIml,Jm
setting time
[s5]
[s]
000 244.14 62.2m
001 — —
010 — —
100 — —

Maximum applied frequency [Hz]

NORMAL1/2, IDEL1/2 mode

SLOW, SLEEP mode

fcgcks2®

fs/2°
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(3)

Programmable Divider Output (PDO) mode

The internal clock is used for counting up. The contents of TREG4 are compared with the contents
of the up-counter. If a match is found, the timer F/F4 output is toggled and the counter is cleared.
Timer F/F4 output is inverted and output to the P32 (PDO4) pin. When programmable divider
output is executed, P32 output latch is set to “1”. This mode can be used for approximate 50 %
duty pulse output. Timer F/F4 can be initialized by program, and it is initialized to “0” during
reset. An INTTC4 interrupt is generated each time the PDO4 output is toggled.

Example : Outputa 1024 Hz pulse (at fc =4.194304 MHz)

SET (P3).2 ;P32 outputlatche1
LD (TREG4), 10H ;o (171024 = 27/fc) + 2 = 10
LD (TC4CR), 00010110B ;  StatsTC4

PDO4 pin output

Internal clock ||||||§‘||||||||§‘I|I|||||§‘||||||||§‘||I|
Up-counter 0 X 1 X 2 X_c XXX X 2 X_o XXX X 2 X XIXOX X 2 X XXX

TREG4 :X n i i i i
Match detect

Timer F/F4

INTTC4 interrupt " " " "

Figure 2-35. PDO Mode Timing Chart

(4) Pulse Width Modulation (PWM) output mode

PWM output with a resolution of 8 bits is possible. The internal clock is used for counting up. The
contents of TREG4 are compared with the contents of up-counter. If a match is found, the timer
F/F4 output is toggled. Counting up resumes. And, when an overflow occurs, the timer F/F4 output
is again toggled and the counter is cleared. Timer F/F4 output is inverted and output to the P32
(PWM4) pin. When programmable divider output is executed, P32 output latch is set to “1”. An
INTTC4 interrupt is generated when an overflow occurs.

TREG4 is configured a 2-stage shift register and, during output, will not switch until one output
cycle is completed even if TREG4 is overwritten; therefore, output can be altered continuously.
Also, the first time, TREG4 is shifted by setting TC4S (bit 4 in TC4CR) to “1” after data are loaded to
TREG4.

Note : Do not rewrite the contents of TREG4 at only an INTTC4 interrupt generation cycle. The
contents of TREG4 is rewritten by the INTTC4 interrupt service routine.
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Internal clock

Up-counter

TREG4

Timer F/F4

PWM4 pin output

INTTC4

interrupt

Xon ¢ [ X;/fn [ X";/m ¢
Match \ \ \ \ shift \]_

I Overwrite l

1

1 cycle

Figure 2-36. PWM Output Mode Timing Chart

Table 2-13. PWM Output Mode (Example: fc=12.5 MHz, fs =32.768 kHz)

NORMAL1/2, IDLE1/2 mode
DV7CK =0 DV7CK =1
TCACK DV1CK=0 DV1CK =1 DV1CK=0 DV1CK =1
Resolution | Repeatcycle [ Resolution | Repeatcycle | Resolution | Repeatcycle | Resolution | Repeat cycle

[ns] [ps] [ns] [ps] [ns] [ps] [ns] [ps]
00* — — — — — — — —
010 640 163.84 — — 640 163.84 — —
100 — — — — — — — —
101 320 81.92 320 81.92 320 81.92 320 81.92
110 160 40.96 160 40.96 160 40.96 160 40.96
111 80 20.48 80 20.48 80 20.48 80 20.48
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2.10 8-bit Timer/Counter 5 (TC5)

2.10.1 Configuration

MPX

fc/2", f¢/2"2 or fs/23 >—>
/27 or fc/28 >

/23 or fc/2* >—>

fc/22 >—>

Source

v clock

TC5S

clear overflow

fc/2 >—>
fe >

OTMTmMmUNw

S
TC5CK 3

TC5S TC5M

b 1ot

8-bit up-countre

4@ match

TC5CR

TREGS

TC5 control register

il

Note : MPX,; Multiplexer
CMP ; Comparator

8-bit timer register 5

i

INTTCS
Interrupt

Timer F/F5

— o

—q

toggle

clear

TC5M; TC5S

PWMS5/PDO5
pin

Figure 2-37. Timer/Countre 5 (TC5)

3-60-85




TOSHIBA UNDER DEVELOPMENT TMP88C060

2.10.2 Control
The timer / counter 5 is controlled by a timer / counter 5 control register (TC5CR) and an 8-bit timer
register 5 (TREGS5).

TREG5 7 6 5 4 3 2 1 0

(0001Dy) | | Write only
TCGCR 7 6.5 4 3 2 ! 0
(00018w) & »o» © »o” [7ess|  Tesck, TCSM ] (nitial value : *+00 0000)
00 : Timer/event counter mode
. 01 : Reserved
TC5M | TC5 operating mode select .
10 : Programmable divider output (PDO) mode
11 : Pulse width modulation (PWM) output mode
NORMAL1/2, IDLE1/2 mode SLOW,
DV7CK=0 DV7CK =1 SLEEP
DV1CK=0 DV1CK =1 DV1CK =0 DV1CK =1 mode
000 reserved Writ
rite
001 fo2" fe/2? fs/23 fs/23 fs/23 |
on
010 fc/27 (DV5) fc/28 (DV5) fc/27 (DV5) fc/28 (DV5) - y
TC5CK | TC5 source clock select [Hz]
011 | fc/2° to 2%(DV1G) | fc/2° to 27(DVI1G) | fc/2% to 28(DV1G) [ fc/2% to 27(DV1G) -
100 fe/2? fc/2? fc/2? fc/2? -
101 fc/2 fc/2 fc/2 fc/2 -
110 fc fc fc fc -
111 reserved
0 : Stop & counter clear
TC5S | TC4 start control
1: Start

Note 1 :  fc, High-frequency clock [Hz], fs; Low-frequency clock [Hz], * ; don’t care
Note2 :  Values to be loaded to the timer register must satisfy the followiing condition.
(a) 5 - fc/fcgck< TREG5< 251 in PWM output mode
(b) 0< TREG5 in others
Note 3 :  The source clock fc/2?, fc/2 and fc must be used in only PWM output mode.
Note4 : Set the mode and source clock when timer/ counter stops (TC5S =0).

Figure 2-38. Timer Register 5 and Control Register
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2.10.3 Function

The timer / counter 5 has three operating modes: timer, programmable divider output, and PWM

output mode.

(1) Timer mode
In this mode, the internal clock is used for counting up. The contents of TREG5 are compared
with the contents of up-counter. If a match is found, an INTTC5 interrupt is generated and the
up-counter is cleared. Counting up resumes after the up-counter is cleared.

Table 2-14. Source Clock (internal clock) for Timer /Counter 5 (Example: at fc=12.5 MHz, fs =32.768 kHz)

(2) Programmable Divider Output (PDO) mode
The internal clock is used for counting up. The contents of TREG5 are compared with the
contents of the up-counter. Timer F/F5 output is toggled and the counter is cleared each timer a

match is found. The timer F/F5 output is inverted and output to the P33 (PDO5) pin.
. This mode can be used for approximate 50 %

mode, P33 pin output latch must be set to
duty pulse output. An INTTCS interrupt is generated each time the PDO5 output is toggled.

Example :
LD  (TC5CR), 000010108
SET (P3).3
LD (TREGS5), 10H

LD

(TC5CR), 00101110B

NORMAL1/2, IDLE1/2 mode
DV7CK=0 DV7CK =1
TC5CK DV1CK =0 DVICK =1 DV1CK=0 DV1CK =1
. Maximum . Maximum . Maximum . Maximum
Resolution setting time Resolution setting time Resolution setting time Resolution setting time
L] [s] L] [s] L] [s] L] [s]
001 163.84 41.7m 327.68 83.6m 244.14 62.2m 244.14 62.2m
010 10.24 26m 20.48 5.2m 10.24 26m 20.48 52m
011 0.64 163.2 i 1.28 326 u 0.64 163.2 ¢ 1.28 326 u
SLOW, SLEEP mode
. Maximum
TesCK Resc{)lt;iclon setting time
# [s]
001 244.14 62.2m

Output a 1024 Hz pulse (at fc =4.194304 MHz)
;  Setsthe PDO mode (TC5M =10, TC5CK =010)
;P33 outputlatche1

i (171024 £ 27/f¢) + 2 = 10y
; StartsTC5

In this

TREG5 :X

IESRCEED €0 €3 0 0.0 €0 €3 € 0.0 &5 € 30 0 43 €D
;

Timer F/F5

Match \

PDOS5 pin output

INTTCS interrupt

I_

—

Figure 2-39. PDO Mode Timing Chart
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(3) Pulse Width Modulation (PWM) output mode

PWM output with a resolution of 8-bits is possible. The internal clock is used for counting up.
The contents of TREGS are compared with the contents of up-counter. If a match is found, the
timer F/F5 output is toggled. Counting up resumes. And, when an overflow occurs, the timer is
again toggled and the counter is cleared. Timer F/F5 output is inverted and output to P33
(PWMS5) pin. When the PWM output is executed, P33 output latch is set to “1”. An INTTC5
interrupt is generated when an overflow occurs. TREGS5 is configured a 2-stage shift register
and, during output, will not switch until one output cycle is completed even if TREGS5 is
overwritten, therefore, output can be altered continuously. Also, the first time, TREGS is shifted
at starting by TC5CR after data are loaded to TREG5.

Note :

The PWM output mode can be used in NORMAL1, 2 and IDLE1, 2 modes.

TREG5 _X_n Xm/m
Match \ \
Overwrite i
Timer F/F5 l l verwn l Shlft

PWMS5 pin output |

INTTCS interrupt

l

| h

|€«—————— one cycle——>1

Figure 2-40. PWM Output Mode Timing Chart

Table 2-15. PWM Output Mode (Example: at fc=12.5 MHz)

NORMAL1/2, IDLE1/2 mode
DV7CK=0 DV7CK =1
TC5CK DV1CK=0 DVICK =1 DV1CK=0 DV1CK =1
Resolution | Repeat cycle [ Resolution Resolution Resolution Resolution Resolution Resolution

[ns] [ps] [ns] [ps] [ns] [ps] [ns] [ps]
001 — — — — — — — —
010 — — — — — — — —
011 640 163.84 — — 640 163.84 — —
100 320 81.92 320 81.92 320 81.92 320 81.92
101 160 40.96 160 40.96 160 40.96 160 40.96
110 80 20.48 80 20.48 80 20.48 80 20.48
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2.11 8-bit Timer/Counter 6 (TC6)
2.11.1 Configuration
MPX TC6S
fc/2", fc/2 or fs/23 >—>{ B
fc/27 or fs/28 >=>{ ¢
fa/2® or fsi2* >>|p  |Source clear
Y clock 8 bit up-counter
S
TC6CK 3
match UART
TC6S TC6M ﬁ@ baund rate
2/1? selector
TC6CR TREG6

TC6 control register

i

Note : MPX ; Multiplexer
CMP ; Comparatoar

8 bit timer register 6

i

INTTC6
interrupt

Figure 2-41. Timer/Counter 6 (TC6)

2.11.2 Control
The timer/counter 6 is controlled by a timer / counter 6 control register (TC6CR) and an 8-bit timer
register 6 (TREG6)

TREG6 7 6 5 4 3 2 1 0
(00008,) | Write only
TC6CR 7 6.5 4 3 2 1. 0..
(00009w) : =g : g | TCes | TC6CK, 0" 0" : (Initial value : *%00 0000)
NORMAL1/2, IDLE1/2 mode SLOW
DV7CK=0 DV7CK=1 SLEEP
pvick=0 | bvick=1 | bvick=0 | Dvick=1 | mode
000 reserved
TC6 source clock select .
TC6CK 001 fe2" fe/2"? fs/23 f5/23 522 |Write
[HZ]
010| fc2’ (DV5) /28 (DV5) fc/2” (DV5) /28 (DV5) - only
011 [ fr23 10 28 (DV1G) | f/2% to 27 (DV1G) | /23 to 26 (DV1G) | fer2* to 27 (DV1G) -
Tx% reserved
0 : Stop & clear clear
TC6S TC6 starat control
1:Start
Note 1: fc,; High-frequency clock [Hz], fs ; Low-frequency clock [Hz], * ; dont care
Note 2 : Values to be loaded to the timer register must satisfy the following condition.
TREG6>0
Note 3 : Setthe source clock when TC6 stops (TC6S =0).

Figure 2-42. Timer Register 6 and TC6 Cotrol Register
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2.11.3 Function

(1) Timer mode

The timer / counter 6 has two operating modes: timer and UART baud rate generator mode.

In this mode, the internal clock is used for counting up. The contents of TREG6 are compared
with the contents of up-counter. If a match is found, an INTTC6 interrupt is generated and the
up-counter is cleared. Counting up resumes after the up-counter is cleared.

Table2-16. Source Clock (internal clock) for Timer/ Counter 6 (Example: at fc=12.5 MHz, fs =32.768 kHz)

(2) UART baud rate generator mode

NORMAL1/2, IDLE1/2 mode
DV7CK=0 DV7CK =1
TCECK DV1CK=0 : DVICK =1 . DV1CK=0 : DV1CK=1 :
. Maximum . Maximum . Maximum . Maximum
Resolution . . Resolution ) . Resolution . . Resolution . .
setting time setting time setting time setting time
[ps] [15] [15] [ps]
[s] [s] [s] [s]
001 163.84 41.7m 327.68 83.6m 24414 62.2m 244.14 62.2m
010 10.24 2.6m 20.48 52m 10.24 2.6m 20.48 5.2m
011 0.64 163.2 1.28 32.6 ¢ 0.64 163.24 1.28 326 ¢
SLOW, SLEEP mode
TC6CK Resolution Ma,XIml,Jm
setting time
[15]
[s]
001 24414 62.2 m

In this mode, the internal clock is used for counting up. The contents of TREG6 are compared

with the contents of up-counter. A match signal is used as a transfer clock of UART.

When the timer / counter 6 is used in this mode, BRG of UART control register (UARTCR1) must

be set to “110”. An INTTC6 interrupt is not generated. The transfer clock and the land rate of
UART is shown as follows.

Transfer clock =

Baud rate =

TC6 source clock

16

TREGG6 specified value

Transfer clock
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2.12 UART (Asynchronous serial interface)
The 88C060 includes 1 channel of UART (Asynchronous serial interface). It is connected to an external
device via RxD and TxD. The RxD is also used as P41, and the TxD as P42. Set “1" for the output latch of
the respective port of P4 for using RxD as RxD pin and TxD as TxD pin.

2.12.1 Configuration

[ y ]

UART control register1  Transfer data buffer Receive data buffer
| UARTCR | [ mosur |
l
Y —
3 12 __;| Shift register | | |
S I
Parity bit |
Trans- Stop bit
mitting ! Shift register Receive
control control
circuit circuit

INITX u . . L
—| Noise reject circuit l—n RxD

INTRX E ’ > 0 ™xD
Y

Transmit/ receive clock A fc/26
| ety Rttt ettt l B —< fc/27
i MPX i CH< fcr28

S

1 I
| fd13 >—A i )
i fa26 >B ! 2 4
i fas2 >cC i
' f104>—p Y —>| Counter | ! UARTSR | | UARTCR2 |
1 1
1 fc/208 >—E ] . \
U ta16 SF ! UART status register UART control register 2
i TC6 >G : )
! ! Note : MPS ; Multiplexer
' o__.__1—-1_Baudrategenerator |

Figure 2-43. UART (Asynchronous serial interface)
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2.12.2 Control
UART is controlled and monitored by UARTCR1 (UART control register1) and UARTCR2 (UART
control register2) and UARTSR (UART status register).

UART Control Register
7 6 5 4 3 2 1 0
%ggﬁﬁ; [xe | Rxe [st8T [evEN] PE | BRG | (Initial value : 0000 0000)
000 : fc/13 [Hz]
001 : fc/26
010 : f¢/52
011 : fc/104
BRG Transfer clock select 100 : /208
101 : fc/416
110 : TC6 usable
111 : fc/96
PE Parity addition (1) \;Vlt.hou;cjga;lty Write
. Parity adde only
. 0 : Odd party
EVEN Even parity 1: Even party
. . 0 : 1bit
STBT Transmit stop bit length 1: 2bit
. . 0 : Disable
RXE Receive operation 1: Enable
. . 0 : Disable
TXE T
ransmit operation 1: Enable
Note 1:  When transmitting or receiving operation is implemented, setting TXE and RXE bit to “"0” inhibits
the operation. When transmitting is disabled, the transfer data stored in the transfer data buffer is
notoutput. Even if the transmit enable is set, transmitting is not operated until writing new data.
Note2:  The transfer clock and the parity are used for transmitting and receiving.
2 1 0
(000352 RXQNC _[storer|  (Initial value : %% %000)
. . 0: 1bit
STOPBR | Receive stop bit length 1+ 2 bits
00 : No noise cancellation (histeresis input)
RXDNC 01 : Cancels less than 31/fc [s] as noise (DV4)
10 : Cancels less than 63/fc [s] as noise (DV5)
11 : Cancels less than 127/fc [s] as noise
Note 3:  96/fc or more when RXDNC = 01, 192/fc or more when RXDNC = 10, 384/fc or more when RXDNC =11
are regarded as signals.

Figure 2-44. UART Control Register
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UART Status Register
4 2 1
UARTSR 6 5 3 .......... .0. .
(0002Ay) |PERR | FERR [OERR| RBFL [TEND|[TBEP|  : (initial value : 0000 11%)
TBEP | Transmit buffer empty flag 0: -
1: Transmit buffer empty
. 0 : Under transmission
TEND Transmit end flag 1 : End of transmission
. 0: -
RBFL Receive buffer full flag 1 Receive buffer full Read
only
OERR Overrun error flag 0 : Without overrun error
1: Overrun occurrence
FERR Framing error flag 0: Wlthcl)ut framing error
1 : Framing error occurrence
PERR Parity error flag 0: Wlt.hOUt parity error
1: Parity error occurrence

UART Receive Data Buffer

RDBUE 7 6 5 4 3 2 1 0
(00029y) 1 ] 1 1 ] 1 1 | Read only
(Initial valure : 0000 0000)
UART Transfer Data Buffer
6 5 4 3 2 1 0
TDBUF .
(00029y) | 1 ] ] 1 ] ] 1 | Write only
(Initial valure : 0000 0000)
Figure 2-45. UART Status Register / Data Buffer Register
2.12.3 Transfer Data Format

In UART, 1 start bit (level “L"), send stop bit (STBT can select 1 bit or 2 bit of the bit length Level
"H"), and Parity (PE can select whether to be parity or not. EVEN can select whether to be even or
odd parity.) are added to the transfer data. The data is fixed to be 8 bit. The transfer data format is

shown as follow.

Table2-17. Transfer Data Format

PE STBT Frame length
| v+ | 2 | 3 |- | 8 | o | 10 | m 12 |
0 o [ T\ Stert L Cbito X bit1_X=----X bite_X bit7_Y Stopt
0 1 N\ stert_bito X bitt X -----Xbit6 X bit7_Y stopt stop2
1 o | \stert L bio X bitt X=----X bite_X_bit7_X Parity Y Stop1
1 1 T\ start ,(W———EX bite X bit7 X Parity ¥ Stop1  Stop2
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2.12.4 Baud Rate
The baud rate of UART is set by of BRG (bit 0, 1, and 2 of UARTCR1). The example of the baud rate
is shown as follows.
Table 2-18. Baud Rate (example)
Source clock
BRG
12.5 MHz 8 MHz 4 MHz
000 60000 [baud] 38400 [baud] 19200 [baud]
Joor f - 30000 ____|___M200 1 ____ %00
AL 15000 |00 1 ___. 4800 .
011 7500 4800 2400
100 3750 2400 1200
101 1875 1200 600
When the TC6 is used as the baud rate of UART (BRG = 110), the transfer clock and the band rate are
shown as follows.
Transfer clock = TC6 sourf:e-r clock
TREG®6 specified value
Transfer clock
Baud rate = e
16
2.12.5 Data Sampling Method
The receiver of UART functions input sampling with the clock selected by BRG (bit 0, 1, and 2 of
UARTCR1) until a start bit is found in RxD pin input. When a start bit is found, start bit, data bit,
stop bit, and parity bit are sampled at three times of RT7, RT8, and RT9 at an interval of 1 receiver
clock (1RT clock), that is shown in the following figure. RTO is a position where the bit is expected to
start. The bit data is decided by majority. (two or three times out of three sampling times)
RxD pin \ Start bit A bitd
RTO 1 2 3 456 7 8 9 1011121314150 1 2 3 4 5 6 7 8 9 10 11
RT clock
| | |
Internal receivie data \ Start bit l l l A bit 0 Y Yy

a) Without noise rejection circuit

RxD pin | \ Start bit A bit0 X:

RTO 1 2 3 4 5 6 7 8 9 1011121314150 1 2 3 4 5 6 7 8 9 1011

RT clock
Internal receive data \ Start bit l l l A___bito l l l*
b) With noise rejection circuit
Figure 2-46. Data Sampling Method
2.12.6 STOP Bit Length

STBT (bit 5 of UARTCR1) can select the transmit stop bit length (1 bit/ 2 bits).
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2.12.7 Parity

2.12.8

PE (bit 3 of UARTCR1) sets whether the parity is added or not, and EVEN (bit 4 of UARTCR1) sets
whether the parity is odd or even.

Transmit/Receive Operation

(1) Data transmit operation

Set TXE (bit 7) of UARTCR1 to “1”. Read UARTSR, subsequently to TBEP = 1, write the data to
TDBUF (transmit data buffer). Writing the data clears TBEP to 0", and transfers the data to the
clears TBEP to 0", and transmit shift register. The data is sequentially output from the TxD pin.
1 start bit, a stop bit specified with STBT (bit 5 of UARTCR1), and a parity bit (parity added) are
added to the output data. The baud rate of the data transfer is selected among BRGS (bit 0 to 2
of UARTCR1).

During TXE="0", TXE"1", and non-transfer operation (no data to transfer), TxD pin fixes to
level "H".

Reading UARTSR and writing the data to TDBUF transmit the data. If no reading, TBEP is not
cleared to “0". Thusthe data transmit is not started.

(2) Data receive operation

Set REX (bit 6) of UARTCR1 (UART control register1) to “1"”. Subsequently, receiving the data
from RxD pin transfers the received data to RDBUF (receive data buffer). The transmitted data
includes a start bit, a stop bit, and a parity bit (parity added). Receiving the stop bit sets the
receive buffer full flag (RBFL), and occurs INTRX interrupt. Only the data is transferred to the
receive data buffer (RDBUF). The baud rate of the data transfer is selected among bit 0 to 2 of
UARTCR.

When over run error occurs at receiving the data, the data is not transferred to RDBUF. The data
is canceled. When over run error occurs, the data is transferred to RDBUF. The data in RDBUF is
not effected.

2.12.9 StatusFlag

(1) Parity error

When the parity calculated from the data bit of the receive data differs the received parity bit,
the parity error flag PERR is set. Reading RDBUF subsequently to UARTSR reading clears the
PERR.

RxD pin X Parity bit )’ Stop bit

Shift register XXXX Q%% X pxxxx0* X 1pxxxx0

PERR I Reading RDBUF clears PERR after

reading UARTSR.

INTRX interrupt I-I

Figure 2-47. Parity Error Occurrence
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(2) Framing error

When “0" is sampled as the stop bit of the receive data, the framing error flag FERR is set.
Subsequently to UARTSR read, reading RDBUF clears the FERR.

RxD pin X Final bit X Stopbit

, !

Shift register XXXOQ** X XXxx0* X Txxxx0

FERR / Reading RDBUF clears FERR after

reading UARTSR.

INTRX interrupt I-I

Figure 2-48. Framing Error Occurrence
(3) Over run error
When the data that is not read out to RDBUF is stored, and receiving the next data is completed
for all of the bits, over run error flag OERR is set. In this case, the received data is canceled, and

the data in the receive data buffer is not effected. Subsequently to UARTSR read, reading
RDBUF clears the UARTSR.

RBFL="H"

RxD pin X Final bit Y stop bit

Shift register XXX0% X xo00% X 1xxxx0
Y

RDBUF yyyy

OERR 74 Reading RDBUF clears OERR

: after reading UARTSR.
INTRX interrupt I-l

Figure 2-49. Over Run Error Occurrence
(4) Receive buffer full

Fetching the received data to RDBUF sets RBFL. Subsequently to UARTSR read, reading the data
from the receive data buffer RDBUF clears the RBFL.

RxD pin X Final bit Y stop bit

Shift register XXXO** ) X 1xo0x0
Y

RDBUF yyyy X XXXX

RBFL o/ Reading RDBUF clears RBFL after

reading UARTSR.
INTRX interrupt I-I

Figure 2-50. Receive Buffer Full Occurrence
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(5) Transmit buffer empty
When no data is in the transmit buffer, the data of TDBUF is transferred to the transmit shift
register. TBEP starting transmission sets. Subsequently UARTSR read, writing the data to the
transmit buffer TDBUF clears the TBEP.

lWriting data ¢Writing data
TDBUF XXXX X yyyy -=- Xzzzz

Shift register *kkkk | X 1xxxx0§ X * TXXXX X:——— x *xkx X X *hkwk | X 1yyyy0 X
TxD pin \ Start bit 0 . --- x Final bit ’ Stop \ K
TBEP _/_\ -—= / \

: i Writing TDBUF clears
I — TBEP after reading
M --- UARTSR.

INTTX

Figure 2-51. Transmit Buffer Empty Occurrence

(6) Transmit end flag
When the transmit ends, and no data is in the transmit buffer (TBEP=1), TEND is set.
Subsequently to data written to the transmit buffer, restarting the transmit clears the TEND.

Shift register * %k XX X *Exx X X *kknx] X 1yyyy0 X *Tyyyy

TxD pin X Y swop \ start A bito
: Writing data to TDBUF t :

TBEP \ /

TEND /

INTTX ﬂ

Figure 2-52. Tranmit End Flag
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2.13 Serial Bus Interface (SBI)
The 88C060 has a 1-channel serial bus interface which employs a clocked-synchronous 8-bit serial bus
interface and an 12C bus (a bus system by Philips).
The serial interface is connected to an external device through P45 (SDA) and P44 (SCL) in the 1°C bus
mode ; and through P43 (SCK), P44 (SI) and P45 (SO) in the clocked-synchronous 8-bit SIO mode.

The serial bus interface pins are also used for the P4 port. When used for serial bus interface pins, set
the P4 output latches of these pinsto “1”. When not used for serial bus interface pins, the pin is used

asanormal I/O port.

2.13.1 Configuration
— > INTSBl interrupt
scL
¢ I SCK
SIO <
clockI Input/ _D P43
control | output | (sciy
T * control
fcd >—>{ Divider
SIO SO _D pas
Transfer data control S| (SDA)
2C bus control
clock circuit
- sync. [ ¥
Noise P44
—| rejection > * EA _D
dircuit Control Shift 12C bus (scL)
register data control | | rejgg'éison S| spa
circuit
SN2 |
SBICR2/
SBISR 12CAR SBIDBR SBICR1
SBI control register 2/ 12C bus SBl data SBI control register 1
SBI status register address register buffer register
Figure 2-53. Serial Bus Interface (SBI)
2.13.2 Control

The following registers are used for control and operation status monitoring when using the serial

bus interface (SBI).

Serial bus interface control register 1 (SBICR1)
Serial bus interface control register 2 (SBICR2)
Serial bus interface data buffer register (SBIDBR)
12C bus address register (I2CAR)

Serial bus interface status register (SBISR)

The above registers differ depending on an mode to be used. Refer to Section “2.13.412C bus mode
control” and “2.13.6 Clocked-synchronous 8-bit SIO mode control”.

3-60-98




TOSHIBA UNDER DEVELOPMENT TMP88C060

2.13.3 The Data Format in The I12C Bus Mode
The data format when using the 88C060 in the I12C bus mode are shown in figure 2-36.

(a) Addrressing format

8 bits 1 |<—1t0 8 bits —>{ 1 |<—1t0 8 bits ——>{ 1
I'TTTTTIRlA A A
S| Slaveaddress |/|C Data C Data c|P
W| K K K
1 1 or more
(b) Addrressing format (with restart)
8 bits 1 |=<—1to 8 bits 1 8 bits 1 |<—1t0 8 bits ——>| 1
I'TTTTTIRIA A I'TTTTTIRIA A
S| slaveaddress |/]|C Data C|S| Slaveaddress |[/|cC Data c|P
W| K K W| K K
1 1 ormore 1 1 ormore ——
(c) Freedataformat
8 bits 1 |<—110 8 bits —>{ 1 |<—1 to0 8 bits —>{ 1
T T T T T T A A A
S Data C Data C Data Cc|P
K K K
1 1 or more
Notes : S : Start condition
RW  : Direction bit
ACK : Acknowledge bit
P :  Stop condition

Figure 2-54. Data Formatin I2C Bus Mode
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2.13.4 1°CBus Mode Control
The following registers are used for control and operation status monitoring when using the serial
bus interface (SBI) in the I12C bus mode.

Serial Bus Interface Control Register 1

SBICR1 7 6 5 4 3 2 1 0
(000204) I | BC I ACK | noH I [SCK I (Initial value : 0000 *000)
BC ACK=0 ACK =1
Number of . Number of .
Clock Bits Clock Bits
000 8 8 9 8
_ 001 1 1 2 1 Write
BC | Number of transferred bits 010 2 2 3 2 only
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
e . 0 : Acknowledge not returned to transmitter. Read/
ACK [ Acknowledge mode specification ) Writ
1 : Acknowledge returned to transmitter. rite

000 : 181.8kHz ~
001 : 105.3kHz
010 : 57.1kHz

sck | serial clock selection 011 : 29.9kHz L at f¢=8 MHz (Output on SCL pin) Write

100 : 15.3kHz only
101 : 7.72kHz
110 : 3.88kHz

111 : reserved

Note 1:  fc, High-frequency clock [Hz], * ; don’t care
Note2:  Setthe BCto "000” before switching to 8-bit SIO bus mode.
Note 3:  SBICR1 include write-only resister and must not be used with any of read-modify-write instructions.

Serial Bus Interface Data Buffer Register

SBIDBR 7 4 2 1
(00021y) | 6 > 3 0

| Read / Write
1 1 | 1 1 | 1

Note 1:  For writing transmitted data, start from the MSB (bit 7).

Note2:  Cannotread the data which was written into SBIDBR, since a write data buffer and a read buffer are
independent in SBIDBR. Therefore, cannot access it any of in read-modify-write instruction such as bit
operate, etc.

12C bus Address Register
7 6 5 4 3 2 1 0

12CAR Slave address »
(000224) | spp | sA5 | saa | A3 | sa2 |sa1 [ sao | A (Initial value : 0000 0000)
SA 88C060 slave address selection .
0:sl ddress recognition Write
ALS | Address recognition more specification |, avea 9 only

1: Non slave address recognition

Note : 12CAR include write-only-resister and must not be used with any of read-modify-write instructions.

Figure 2-55. Serial Bus Interface Control Register 1, Serial Bus Interface Data Buffer Register and 12C
Bus Address Register In The 12C Bus Mode
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Serial Bus Interface Control Register 2

SBICR2 7 6 5 4 3 2 1. . 0.
(00023w) [ msT [ TRX | BB | PIN | seim | "0" i "0" : (Initial value : 0001 00%x)
MST | Master /Slave selection (Write), 0: Slave
Status monitor (Read) 1 : Master
TRX | Transmitter/ receiver selection (Write), 0 : Receiver
Status monitor (Read) 1 Transmitter Read /
BB Start/ stop generation (Write), I2C bus 0 : Stop condition (Write), Bus free (Read) Write
1 : Start Condition (Write), Bus busy (Read)

status monitor (Read)

PIN | Cancel interrupt service request (Write), | O - (Write), Interrupt service requested (Read)
Status Monitor (Read) 1 : Cancel interrupt service request (Write), canceled
(Read)
00 : Port mode (serial bus interface output disable)
Serial bus interface operating mode 01 : SIO mode Write
SBIM . 2
selection 10 : I°Cbus mode only
11 : Reserved
Note1: *;don’tcare
Note2:  Switch a mode to port after confirming that the bus is free.
Note 3:  SBICR2 include write-only resister and must not be used with any of read-modify-write instructions.

7 6 5 4 3 2 1 0
(SOB(%FZ{%) [msT [ TRx | BB | PIN | AL [ AAS [ ADO | LR |

: “"GENERAL CALL" detected

: Last received bit “0”

2

LRB Last received bit monitor

AL Arbitration loss detection monitor 0: -
1: Arbitration loss detected
AAS | Slave address match detection monitor 0: -
1:Slave address match or “GENERAL CALL" detected Read
ADO | "GENERAL CALL" detection monitor 0: - only
1
0
1

: Last received bit

Figure 2-56. Serial Bus Interface Control Register 2 and Serial Bus Interface Status Register In The 12C Bus
Mode
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3)

Acknowledge mode specification

Set the ACK (bit 4 in SBICR1) to “1” for operation in the acknowledge mode. The 88C060
generates an additional clock pulse for an acknowledge signal when operating in the 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 level in order to generate the acknowledge signal.

Reset the ACK for operation in the non-acknowledge mode. The 88C060 does not generate a
clock pulse for the acknowledge signal when operating in the master mode.

Number of transfer bits

The BC (bits 7 to 5 in SBICR1) is used to select a number of bits for transmitting and receiving
data.

Since the BC is cleared to “000” as a start condition, a slave address and direction bit
transmissions are always executed in 8 bits. Other than these, the BC retains a specified value.

Serial clock

a. Clocksource
The SCK (bits 2 to 0 in SBICR1) is used to select a maximum transfer frequency output from
the SCL pin in the master mode.

} tLow—> 1/fscl

SCK
(bits 2 to 0in the SBICR1)

tLOW =2"/fc 000
001
tHigH = 2"fc + 12/fc 010
011
100
101
Note : fc ; High-frequency clock 110

fscl = 1/(tLow * tHiGH)

LNV A

—_
o

Figure 2-57. Clock Source
b. Clocksynchronization

In the 12C bus mode, in order to drive a bus with a wired AND, a master device which pulls
down a clock pulse to low will, 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 88C060 has a clock synchronization function for normal data transfer even when
more than one master exists on a bus.

The example explains clock synchronization procedures when two masters simultaneously
exist on a bus.

SCL (Bus)

SCL pin (Master 1)

SCL pin (Master 2)

\

Count start /

( \Cou nt reset

wait

=21

Count reset

X

T

N\

S

© -

Figure 2-58. Clock Synchronization
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(4)

(5)

(6)

7

As Master 1 pulls down the SCL pin to the low level at point "a”, the SCL line of the bus
becomes the low level. After detecting this situation, Master 2 resets counting a clock
pulse in the high level and sets the SCL pin to the low level.

Master 1 finishes counting a clock pulse in the low level at point “b” and sets the SCL pin
to the high level. Since Master 2 holds the SCL line of the bus at the low level, Master 1
waits for counting a clock pulse in the high level. After Master 2 sets a clock pulse to the
high level at point “c” and detects the SCL line of the bus at the high level, Master 1 starts
counting a clock pulse in the high level.

The clock pulse on the bus is deteminded by the master device with the shortest high-level
period and the master device with the longest low-level period from among those master
devices connected to the bus.

Slave address and address recognition mode specification
When the 88C060 is used as a slave device, set the slave address and ALS to the [2CAR. Set “0”
to the ALS for the address recognition mode.

Master /slave selection

Set the MST (bit 7 in SBICR2) to “1” for operating the 88C060 as a master device.

Reset the MST 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.

Transmitter / receiver selection

Set the TRX (bit 6 in SBICR2) to “1” for operating the 88C060 as a transmitter. Reset the TRX
for operation as a receiver. When data with an addressing format is transferred in the slave
mode, when a slave address with the same value that an I2CAR or a GENERAL CALL is received
(all 8-bit data are “0" after a start condition), the TRX is set to “1” if the direction bit (RW)
sent from the master devicesis “1”, and is cleared to “0” if the bit is “0”. In the master mode,
after an acknowledge signal is returned from the slave device with the hardware, the TRX is
setto “0” if a transmitted direction bitis “1”, and setto “1” ifitis “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.

Start/stop condition generation

A start condition and the slave address and the direction bit written to the data buffer register
are output on the bus by writing “1” to the MST, TRX and BB when the BB (bit 5 in SBICR2) is
“0". Itis necessary to set “1" to ACK beforehand.

J A6 X A5 X A4 X A3 X a2 X At X A Xrw /

Start T | Acknowledge
condition slave address and the direction bit | signal

Figure 2-59. Start Condition Generation and Slave Address Generation
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(8)

(9)

(10)

A stop condition is output on a bus by writing “1" to the MST and TRX when the BB is “1".

Stop condition

Figure 2-60. Stop Condition Generation

The bus condition can be indicated by reading the contents of the BB (bit 5in SBISR). The BB is
set to “1" when a start condition on a bus is detected and is cleared to “0” when a stop
condition is detected.

Interrupt service request cancel

When a serial bus interface interrupt request (INTSBI) occurs, the PIN (bit 4 in SBISR) is cleared
to “0”. During the timer that the PIN is “0“, the SCL pin is pulled down to the low level.

The PIN is cleared to “0” when 1-word of data is transmitted or received. Either writing /
reading data to / from the SBIDBR sets the PIN to “1".

The time from the PIN being setto “1” until the SCL pin is released takes tLOW.

In the address recognition mode (ALS =0), the PIN is cleared to “0” when the received slave
address is the same as the value set at the I2CAR or when a GENERAL CALL is received (all 8-bit
data are “0” after a start condition). Although the PIN (bit 4 in SBICR2) can be set to “1” by
the program, the PIN is not set to “0” when “0” is written.

Serial bus interface operating mode

The SBIM (bits 3, 2 in SBICR2) is used to specify the serial bus interface operation mode. Setthe
SBIM to “10” when used in the 12C bus mode.

Switch a mode to port after making sure that a bus is free.

Arbitration lost detection monitor

Since more than one master device can exist simultaneously on a bus in the I1°C bus mode, a bus
arbitration procedure is implemented in order to guarantee the contents of transferred data.
Data on the SDA line is used for bus arbitration of the 12C bus.

The following shows an example of a bus arbitration procedure when two master devices exist
simultaneously on the bus. Master 1 and Master 2 output the same data until point “a”. After
Master 1 outputs “1” and Master 2, “0”, the SDA line of the bus is wired AND and the SDA line
is pulled down to the low level by Master 2. When the SCL line of the bus is pulled up at point
“b", the slave device reads data on the SDA line, that is data in Master 2. Data transmitted
from Master 1 becomes invalid. The state in Master 1 is called “arbitration lost”. A master
device which loses arbitration releases the SDA pin in order not to effect 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.
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SCL (Bus) \ /\ i

SDA pin (Master 2) \ / \ i i /_\—/—
SDA (Bus) \ / \ i i /—\—/—

Figure 2-61. Arbitration Lost

The 88C060 compares levels of the SDA line of the bus with those of the 88C060 SDA pin at the
rising edge of the SCL line. If the levels are unmatched, arbitration is lost and the AL (bit 3 in
SBISR) issetto “1".

When the AL is set to “1”, the MST and TRX are reset to “0” and the mode is switched to a
slave receiver mode. The 88C060 generates the clock pulse until data, when the AL is “1”, is
transmitted.

The AL is reset to “0” by writing / reading data to / from the SBIDBR or writing data to the
SBICR2.

SCL pin

Master
A <SDA pin  \D7A X D6A X D5A X D4A X D3A X D24 X D1A X D0A / \D7A'XD6A XD5A' XD4A" ...

Clock pulse generated |

$CL pin 1\/2\/3\/4\/5\ /6 \ /7 \./8\ /"9
Master
B —
SDA pin \ D7B x D6B > Fix SDA pin to high level as losing arbitration.
/

AL | I
MST l \ (
1 )
TRX |
7
Accessed to I-l

SBIDBR or SBICR2

Figure 2-62. Example of when 88C060 is a Master B
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(13)

Slave address match detection monitor

The AAS (bit 2 in SBISR) is set to “1" in the slave mode, in the address recognition mode
(ALS =0), or when receiving a slave address with same value that sets a GENERAL CALL or
[2CAR. When the ALSis “1”, the AAS is set to “1" after receiving the first 1-word of data. The
AAS is cleared to “0” by after wring / reading data to / from a data buffer register.

GENERAL CALL detection monitor

The ADO (bit 1 in SBISR) is set to “1” in the slave mode, when all 8-bit data received
immediately after a start condition are “0”. The ADO is cleared to “0”"when a start or stop
condition is detected on the bus.

Last received bit monitor

The SDA value stored at the rising edge of the SCL line is set to the LRB (bit 0 in SBISR). When
the contents of the LRB are read immediately after an INTSBI interrupt request is generated in
the acknowledge mode, and ACK signal is read.
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2.13.5 Data Transfer in 12C Bus Mode

(1) Device initialization
Set the ACK and SCK in the SBICR1, specify “0” to bus 7 to 5 and 3.
Set a slave address and the ALS (ALS = “0" when an addressing format) to the 12CAR.
For specifying the setting to a slave receiver mode, assign “0” to the MST, TRX, and BB in the
SBICR2 ; “1" to the PIN, “10" to the SBIM, and “0” to bits 1 and 0.

(2) Start condition, slave address generation
Observe a bus free status (when BB =0).
Set the ACK to “1” and specify a slave address and a direction bit to be transmitted to the
SBIDBR.
When writing “1” to the MST, TRX, and BB, the slave address and the direction bit which are set
to the SBIDBR and the start condition are output on the bus. A slave device receives these data
and pulls down the SDA line of the bus to the low level at the acknowledge signal timing. An
INTSBI interrupt request occurs at the 9th falling edge of the SCL clock cycle, and the PIN is
cleared to “0".
The SCL pin is pulled down to the low level while the PIN is “0”. When an interrupt request
occurs, the TRX changes by the hardware according to the direction bit only when an
acknowledge signal is returned from the slave device.

r-—-

i -
: /A6 XA5 XA4  XA3  XA2 XA1  XA0 XRW )(_ K
- J

SDA pin \
N Acknowledge

1
L

Start condition . . . signal from a slave

Slave address + direction bit dgvice

PIN |_
INTSBI (

interupt I-I

| S

Figure 2-63. Start Condition Generation and Slave Address Transfer

(3) 1-word data transfer
Test the MST by the INTSBI interrupt process after a 1-word data transfer is concluded, and
determine whether the mode is a master or slave.

a. When the MST s “1” (Master mode)
Test the TRX and determine whether the mode is a transmitter or receiver.

@ When the TRXis “1" (Transmitter mode)

Test the LRB. When the LRB is “1”, a receiver does not request data. Implement the
process to generate a stop condition (described later) and terminate data transfer.

When the LRB is “0”, the receiver request new data. When the next transmitted data is
other than 8 bits, set the BC and write the transmitted data to the SBIDBR. After writing
the data, the PIN becomes “1”, a serial clock pulse is generated for transferring a new 1-
word of data from the SCL pin, and then the 1-word data is transmitted from the SDA pin.
After the data is transmitted, an INTSBI interrupt request occurs. The PIN becomes “0"
and the SCL pin 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 test above.
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SDA pin

PN ]

INTSBI interrupt

—— Write to SBIDBR

SCL pin 1 2 3 4 5 6 7 8 9

D7 __XD6 XD5 XD4 XD3 XD2 XD1 XD0 ¥ _ /!
-\_ Acknowledge

signal from a

| receiver

Figure 2-64. Example of when BC="000", ACK="1"

@ When the TRX is “0" (receiver mode)

When the next transmitted data is other than of 8 bits, set the BC is set again. Setthe ACK to
“1" and read the received data from the SBIDBR (data which is read immediately after a slave
address is sent is undefined). After the data is read, the PIN becomes “1”. The 88C060
outputs a serial clock pulse to the SCL to transfer new 1-word of data and sets the SDA pin to
“0" at the acknowledge signal timing.

An INTSBI interrupt request then occurs and the Pin becomes “0”. The SCL pin is pulled down
to the low level. The 88C060 outputs a clock pulse for 1-word of data transfer and the
acknowledge signal each time that received data is read from the SBIDBR.

SDA pin

PN |

INTSBI interrupt

—— Write to SBIDBR

SCL pin 1 2 3 4 5 6 7 8 9

- p7__Xpe_ Xps Xoa Xp3 Xp2 Xp1 Xoo Y ¢ e
Acknowledge
signal from a

uecEixer
_ L.

Figure 2-65. Example of when BC="000", ACK="1"

In order to terminate transmitting data to a transmitter, reset the ACK before reading data
which is 1 word before the last data to be received. The last data does not generate a clock
pulse for the acknowledge signal. After the data transmitted and an interrupt request has
occurred, set the BCto “001” and read the data. The 88C060 generates a clock pulse for a 1-
bit data transfer. Since the master device is a receiver, the SDA line of the bus keeps the high
level. The transmitter receives the high-level signal as an ACK signal. The receiver indicates
to the transmitter that data transfer is complete.

After 1-bit data is received an and interrupt request has occurred, the 88C060 generates a
stop condition an terminates data transfer.
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SCL pin

SDA pin

PIN

INTSBl interrupt

————m m——— -
X D4
A

%D3 }XD2

R S
X D1

————

~ -
<D0/

[ ——

[

Acknowledge signal
sent to a transmitter

(1 (™

“0" =ACK
Read SBIDBR

“001” —BC
Read SBIDBR

Figure 2-66.

Termination of Data Transfer in Master Receiver Mode
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b. When the MST is “0” (Slave mode)

In the slave mode, an INTSBI interrupt request occurs when the 88C060 receives a slave
address or a GENERAL CALL from the master device, or when a GENERAL CALL is received and
data transfer is complete after matching a received slave address. In the master mode, the
88C060 operatesin a slave mode if it is losing arbitration. An INTSBI interrupt request occurs
when word data transfer terminates after losing arbitration. When an INTSBI interrupt
request occurs the PIN (bit 4 in SBICR2) is reset, and the SCL pin is pulled down to the low
level. Either reading / writing from /to the SBIDBR or setting the PIN to “1” releases the SCL
pin after taking tLOW time.

In the slave mode, the 88C060 operates either in normal slave mode or in slave mode after
losing arbitration.

The 88C060 tests the AL (bit 3 in SBISR), the TRX (bit 6 in SBISR), the AAS (bit 2 in SBISR), and
the ADO (bit 1 in SBISR) and implements processes according to conditions listed in table 2-19.

Table 2-9. Operation in The Slave Mode

TRX | AL |AAS |[ADO Conditions Process

1 1 1 0 |[The 88C060 loses arbitration when |Set the number of bits in 1 word to
transmitting a slave address and |the BC and write transmitted data to
receives a slave address of which the | the SBIDBR.
value of the direction bit sent from
another masteris “1".

0 1 1 |[In the slave receiver mode, the
88C060 receives a slave address of
which the value of the direction bit
sent from the masteris “1".
0 0 |In the slave transmitter mode, 1-|Test the LRB. If the LRBissetto “1”,
word data is transmitted. set the PIN to “1" sine the
receiverdoes not request further
data. Then, reset the TRX to release
the bus. If the LRB is set to “0”, set
the number of bits in a word to the
BC and write transmitted data to the
SBIDBR since the receiver requests
further data.

0 1 1 |1/0|The 88C060 loses arbitration when | Read the SBIDBR for setting the PIN
transmitting a slave address and |[to “1" (reading dummy data) or
receives a slave address or GENERAL | write “1"” to the PIIN.

CALL of which the value of the
direction bit sent from another
masteris “0".

0 0 |[The 88C060 loses arbitration when
transmitting a slave address or data
and terminates transferring word
data.

0 1 |1/0(In the slave receiver mode, the

88C060 receives a slave address or
general CALL of which the value of
the direction bit sent from the
master is “0".

0 [1/0(In the slave receiver mode, the [Set the number of bits in a word to
88C060 terminates receiving of 1-|the BC and read received data from
word data. the SBIDBR.
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(4) Stop condition generation
Writing “1” to the MST, TRX, and PIN, and 0" to the BB generates a stop condition on the bus.

“1" > MST
“1" > TRX

" Stop condition
“0" —BB /_
“1" ->PIN .

1 1
! -——
SCL pin i i
= i i
1 1
- ! -
SDA pin \ ! / .
1
1 1

US|

PIN _J /
BB (Read) - | _

Figure 2-67. Stop Condition Generation

(5) Restart

Restart is used to change the direction of data transfer between a master device and a slave
device during transferring data. The following explains how to restart when the 88C060 is in the
master mode.

Specify “0” to the MST, TRX, and BB and “1” to the PIN and release the bus. The SDA pin retains
the high level and the SCL pin is released. Since a stop condition is not generated on the bus, the
bus is assumed to be in a busy state from other devices. Test the BB until it becomes “0” to check
that the SCL pin of the 88C060 is released. Test the LRB until it becomes “1” to check that the
SCL line of the bus is not pulled down to the low level by other devices. After confirming that
the bus stays in a free state, generate a start condition with procedure (2).

In order to meet setup time when restarting, take at least 4.7 xs 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" _s BB ,,1,,_)BB
17— PIN 1" SPIN
|‘_ 4.7ps (Min) — Start condition
SCL (Bus)

SCLpin (88C060)

()]

SDA pin . [\

LRB \‘
¥

BB | |

PIN | I

Figure 2-68. Timing Diagram when Restarting The 88C060
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2.13.6 Clocked-synchronous 8-bit SIO Mode Control
The following registers are used for control and operation status monitoring when using the serial
bus interface (SBI) in the clocked-synchronous 8-bit SIO mode.

Serial Bus Interface Control Register 1

SBICR1 7 6 5 4 3 2 1 0
(00020w) Tsi0s [ 39 [ siom [ “0" ] U SCK | (nitial value : 0000 *000)
SIOS | Indicate transfer start/stop gica)rl?t

o|—= 0O

: Continue transfer
1 : Abort transfer (automatically cleared after abort)

00 : 8-bit transmit mode

01 : reserved

10 : 8-bit transmit/receive mode
11 : 8-bit receive mode

000 : f¢/2° ( 250 kHz)

001 : fc/2% ( 125kHz)

010 : fc/2” ( 62.5kHz)

011 : f/2° (31.25kHz) pat fc=8MHz (%p‘fw")
100 : fc/2° (15.62 kHz) SCKpin
101 : fe/2° ( 7.81kHz)

110 : fc/2" ( 3.90 kHz)

111 : External clock (input from SCK pin)

SIOINH | Continue/ abort transfer

SIOM | Transfer mode select
Write
only

SCK | Serial clock select

Note 1:  fc,; High-frequency clock [Hz], * ; don’t care
Note2:  Setthe SIOS to "0” when setting the transfer mode or serial clock.
Note 3:  SBICR1 is a write-only register and must not be used with any of read-modify-write instructions.

Serial Bus Interface Data Register 1

SBIDBR 7 6 5 4 3 2 1 0

(000214) | | | | | | | | Read / Write

Note : Cannot read the data which was written into SBIDBR, since a write data buffer and read buffer are
independent in SBIDBR. Therefore, cannot access it any of in read-modify-write instruction such as bit
operate, etc.

Serial Bus Interface Control Register 2

SBICR2
(00023, 3 2 ..o

00 : Port mode (serial bus interface output disable)
Serial bus interface operation mode 01:SI0 mode Write
SBIM .
selection 10 : 12C bus mode only
11 : reserved
Note1: *;don’tcare
Note2:  Switch a mode to port after data transfer is complete.
Note3:  SBICR2 is a write-only register and must not be used with any of read-modify-write instructions.

Serial Bus Interface Status Register
SBISR 7 6 5 4 3 2 1 0

(00023y)  seveeieenes U e v . .
H Doaqe Dowqu Doaqu g aqe D owqe

. . . ‘After SIOS is cleared to “0”.
SIOF Serial transfer operating status 0 : Transfer terminated SIOF is clgaredfto "o';cat the
monitor 1 : Transfer in process termination of transfer or
' ne setting of SIOINH 'Zi‘??

0 : Shift operation terminated

SEF | Shift operating status monitor 1: Shift operation in process

Figure 2-69. Control Register / Data Buffer Register / Status Register in SIO Mode
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(1) Serial clock
a. Clock source
The SCK (bits 2 to 0 in SBICR1) is used to select the following functions.

@ Internal clock
In an internal clock mode, and of seven frequencies can be selected. The serial clock is

output to the outside on the SCK pin. The SCK pin becomes a high level when data
transfer starts. When writing (in the transmit mode) or reading (in the receive mode) data
cannot follow the serial clock rate, an automatic-wait function is executed to stop the
serial clock automatically and hold the next shift operation until reading or writing is
complete.

Automatic-wait function

71 |8 1 2 6] |7] |8 1 2 3

N
w
M

SCK pin output 1
sopinoutput  \20 X2 ez, asX(asXar  XBo ) a XBs Xbe Yo7 X0 X1 Xz
Write transmitted :X f‘/‘ KJ
a Xb Xc

data

Figure 2-70. Automatic Wait Function

@ External (SCK="111")
An external clock supplied to the SCK pin is used as the serial clock. In order to ensure
shift operation, a pulse width of at least 4 machine cycles is required for both high and
low levels in the serial clock. The maximum data transfer frequency is 390.6kHz (fc=12.5
MHz).

SCK pin | l_I I_e()_l I I I

-

tsexe tsekm
tsekLs tscxn =>4 teyce Note : tcyc = 4/fc (in NORMAL mode, IDLE mode)

Figure 2-71. The Maximum Data Transfer Frequency in The External Clock Input

b. Shiftedge
The leading edge is used to transmit data, and the trailing edge is used to receive data.

@® Leading edge
Data is shifted on the leading edge of the serial clock (at a falling edge of the SCK pin
input/output).

@ Trailing edge
Data is shifted on the trailing edge of the serial clock (at a rising edge of the SCK pin input
/ output).
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SCK pin Y ryryryryryryrvyl
SO pin ?\bitO X bit1 X bit2 X bit3 X bita X bit5 X bit6 X bit7

Shift register Xo6543210)(57654321 Xrx765432 Krw 476543 Korn 057658 Kon 455765 Xnw x5 476 Yonn exn 427

(a) Leadingeddge

SCK pin LA LA LA LA LA LA LALA
SI pin \biito X bit1 X bit2 X bit3 X bita X bit5 X bit6 X bit7

ShiftregiSter ********ﬁ******x10****** 210%x%x%x A3210%%xxx AA43210%xx A543210%* A 6543210% A 76543210

(b) Trailing edge Note : * ; don’t care

Figure 2-72. Shift Edge

(2) Transfer mode
The SIOM (bits 5 and 4 in SIO1CR) 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 data to the SBIDBR.
After the data is written, set the SIOS to “1” to start data transfer. The transmitted data is
transferred from the SBIDBR to the shift register and output to the SO pin in synchronous
with the serial clock, starting from the least significant bit (LSB). When the data is transferred
to the shift register, the SBIDBR becomes empty. The 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 data is written, automatic-wait function is canceled.
When the external clock is used, data should be written to the SBIDBR 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 the SBIDBR by
the interrupt service program.
Transmitting data is ended by cleaning 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 (bit 3 in the SBISR) to be sensed. The SIOF is cleared to “0”"when transmitting is
complete. When the SIOINH is set, transmitting data stops. The SIOF turns “0”.
When the external clock is used, it is also necessary to clear the SIOS to “0” before new data is
shifted ; otherwise, dummy data is transmitted and operation ends.
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Clear SIOS

SIOs

SIOF

SEF

SCK pin (output)

SO pin

INTSBI interrupt
request

SBIDBR XaXb
b

) h a) Internal clock
Write transmitted data (a)

Clear SIOS

SIOS

SIOF

SEF

SCK pin (input)

SO pin

INTSBI interrupt
request

SBIDBR XaXhb

Write transmitted data (b) External clock

Figure 2-73. Transfer Mode
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SCK pin I I
SIOF |

S0 pin bit6 X bit 7 7

tsopH = Min. 4/fc [s] (In normal mode, IDLE mode)

b.

Figure 2-74. Transmitted Data Hold Time at End of Transmit

8-bit receive mode

111 "

Set a control register to a receive mode and the SIOS to for switching to a receive mode.
Data is received from the S| pin to the shift register in synchronous with the serial clock,
starting from the least significant bit (LSB). When the 8-bit data is received, the data is
transferred from the shift register to the SBIDBR. The INTSBI (buffer full) interrupt request is
generated to request of reading the received data. The data is then read from the SBIDBR by
the interrupt service program.

When the internal clock is used, the serial clock will stop and automatic-wait function will be
initiated until the received data is read from the SBIDBR.

When the external clock is used, since shift operation is synchronized with the clock pulse
provided externally, the received data should be read before new data is transferred to the
SBIDBR. If the received data is not read, further data to be received is canceled. The
maximum transfer speed when the external clock is used is determined by the delay time
between the time when an interrupt request is generated and the time when received data is
read.

Receiving data is ended by clearing the SIOS to “0” by the buffer full interrupt service
program or setting the SIOINH to “1”. When the SIOS is cleared, received data is transferred
to the SBIDBR in complete blocks. The received mode ends when the transfer is complete. In
order to confirm if data is surely received by the program, set the SIOF (bit 3 in SBIDBR) to be
sensed. The SIOF is cleared to “0” when receiving is complete. After confirming that
receiving has ended, the last data is read. When the SIOINH is set, receiving data stops. The
SIOF turns “0” (the received data becomes invalid, therefore no need to read it).

Note : When the transfer mode is switched, the SBIDBR contents are lost. In case that the
mode needs to be switched, conclude receiving data by clearing the SIOS to “0”,
read the last data, and then switch the mode.
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[<«<—  Clear SIOS

SIOS

SIOF

SEF

SCK pin (output)

Sl pin

INTSBI interrupt

request
SBIDBR X 3 X 5
Read received data Read received data

Figure 2-75. Receive Mode (Example: Internal clock)
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c. 8-bit transmit/receive mode
Set a control register to a transmit / receive mode and write data to the SBIDBR. After the
data is written, set the SIOS to “1” to start transmitting / receiving. When transmitting, the
data is output from the SO pin on the leading edges in synchronous with the serial clock,
starting from the least significant bit (LSB). When receiving, the data is input to the Sl pin on
the trailing edges of the serial clock. 8-bit data is transferred from the shift register to the
SBIDBR, and the INTSBI interrupt request occurs. The interrupt service program reads the
received data from the shift register to the SBIDBR, and the INTSBI interrupt request occurs.
The interrupt service program reads the received data from the data buffer register and
writes data to be transmitted. The SBIDBR is used for both transmitting and receiving.
Transmitted data should always be written after received data is read.
When the internal clock is used, automatic-wait function is initiated until received data is
read and next data is written.
When the external clock is used, since the shift operation is synchronized with the external
clock, received data is read and transmitted data is written before new shift operation is
executed. The maximum transfer speed when the external clock is used is determined by the
delay time between the time when an interrupt request is generated and the time when
received data is read and transmitted data is written.
Transmitting / receiving data is ended by cleaning the SIOS to “0” by the INTSBI interrupt
service program or setting the SIONH to “1"”. When the SIOS is cleared, received data is
transferred to the SBIDBR in complete blocks. The transmit / receive mode ends when the
transfer is complete. In order to confirm if data is surely transmitted / received by the
program, set the SIOF (bit 3 in SBISR) to be sensed. The SIOF becomes “0” after transmitting /
receiving is complete. When the SIONH is set, transmitting / receiving data stops. The SIOF
turns “0".

Note : When the transfer mode is switched, the SBIDBR contents are lost. In case that the
mode needs to be switched, conclude transmitting / receiving data by clearing the
SIOS to “0”, read the last data, and then switch the transfer mode.

| €———— Clear 510§ ——— |

SIOS

—
SIOF 1
—

SEF

SCK pin
(output)
SO pin

Sl pin

INTSBI interrupt

request

SBIDBR X = < Y b Y d
Write transmitted Read received  Write transmitted Read received
data (a) data (c) data (b) data (d)

Figure 2-76. Transmit/Receive Mode (Example : Internal clock)
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SCK pin I I
SIOF I—
SO pin bit 6 X Bit7in last transmi’;ted word /
DE—
tsopn = Min. 4/fc [s] NORMAL mode, IDLE mode)
Figure 2-77. Transmitted Data Hold Time at End of Transmit/Receive
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2.14 10-bit A/D Converter (ADC)
The 88C060 has a 10-bit successive approximation type A/D converter.

2.14.1 Configuration

VAREF [— D/A converter — vAss
Analog input multiplexer Reference
AINO 3 A voltage
ANT [}——|B Y
to § G 10

AIN6 [}—— §

AIN7? —H
Analog
comparator

Successive approximate circuit

. Shift clock >

EN — 0
EN S AINDS Control circuit
8 TLM ADs fack } | EOCF 8 42 8

P7CR ADCCR ADCDR1, ADCDR2H, ADCDR2L

P7 portinput/output control register ~ A/D converter control register A/D conversion result register

Figure 2-78. A/D Converter (ADC)
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2.14.2

Control

The A/D converter is controlled by the A/D converter control register (ADCCR) and port P7 input /
output control register (P7CR). The operating state of the A/D converter is confirmed by reading
EOCF in ADCCR. The A/D conversion value is confirmed by reading the contents of the A/D

conversion value registers such as ADCDR1, or ADCDR2H and ADCDR2L.

ADCCR
(0000E,)

A/D Converter Control Register

76 5 4 3.2 10
|EOCF I ADS I ACK |AINDS I .......... I | SAIN | | (Initial value : 0000 *000)
000 : Selects AINO
001 : Selects AIN1
010 : Selects AIN2
. 011 : Selects AIN3
SAIN Analog input channel select 100 : Selects AIN4
101 : Selects AIN5
110 : Selects AIN6
111 : Selects AIN7 RIW
. 0 : Analoginput enable
AINDS | Analoginput control . .
91npu 1 : Analoginput disable
. . 0 : 184/fcgck
ACK |
C Conversion time select 1+ 736/fcgek
. 0: -
AD D Conversion star .
5 |A/DConversionsstart 1: A/D conversion start
. : i i Read
EOCF A/D Conversion end flag 0 : Under conversion or before conversion :
1 : End of conversion only
Note 1:  The analog input channel must be selected when the A/D conversion is stopped.
Note2:  The ADS is automatically cleared to “0” after starting the A/D conversion.
Note3:  The EOCF is cleared to “0” by reading the A/D conversion registers such as ADCDR1, ADCDR2H, or
ADCDR2L.
Note4:  The EOCF is read-only, so the written data is invalid.
Note5:  fc,; High-frequency clock [Hz], * ; don’t care

Figure 2-79. A/D Converter Control Register
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A/D Conversion Result Register
6 5 4 3 2 1 0
a)%g(? Flz 1) | DATA9 i DATA8 i DATA7 : DATA6 : DATAS : DATA4 i DATA3 : DATA2 | Read only
6 5 4 3 2 1 0
ﬁ)%g?;l Z)H | : : P 0 ! 0 IDATA9: DATA8| Read only
6 5 4 3 2 1 0
gDO(():? rH Z)L I DATA7 : DATAG : DATAS : DATA4 : DATA3 : DATA2 : DATAT : DATAQ | Read only
Port P7 Input/ OQutput Control
PTCR 7 6 5 4 3 2 1 0
(0000D;) | : : : : : I | (Initial value : 0000 0000)
ADCCR P7CR
AINDS 0 1
Input port except for Output port except for | \yrite
P7CR /O control for port P7 0 the analog input the analog input II
selected by SAIN selected by SAIN only
1 Input port Output port

Figure 2-80. A/D Conversion Register and Port P7 Input/Output Control Register

2.14.3 A/D converter operation
The high side of an analog reference voltage is applied to the VAREF pin, and the low side is applied
to the VASS pin. Dividing a reference voltage between VAREF and VASS to the voltage
corresponding to a bit by a rudder resistance and comparing it with the analog input voltage
converts the A/D.

(1) Starting A/D conversion
First, select one of the analog input channels (AIN7 to AINO) with the SAIN (bit 2 to 0 in ADCCR).
Clear the AINDS (bit 4 in ADCCR) to “0” and set the corresponding the P7 input control (P7CR) to
“1" for analog input. The pins to be not used as the analog input can be used as normal input /
output ports. During conversion, the input / output instruction is performed to any pins to
remain A/D accuracy.
The A/D conversion time is set by the ACK (bit 5 in ADCCR).
The A/D operation is started by setting the ADS (bit6in ADCCR) to “1”.
The A/D conversion time needs 184/fcgck [s] (46 machine cycles) at ACK =0 after starting A/D
conversion until the conversion results are set to the ADCDR1 or the ADCDR2H, ADDR2L. For
example, the A/D conversion time takes 43.7 us at fcgck=fc=4.2 MHz. Ending the A/D
conversion sets the EOCF (bit 7 in ADCCR) to “1”, which indicates the conversion end.
When the ADS is set to “1" during A/D conversion, the A/D conversion is initialized, restarted
converting from the first.

Table 2-20. A/D Conversion Time (Example)

A/D conversion time [xs]
ACK fc=4.2 MHz fc=12.5MHz
fcgek = fc fcgek = fe/2 fcgek = fc fcgck = fc/2
0 43.7 87.4 - 29.4
1 174.8 350 58.9 117.7
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(2) Reading A/D converted value
The converted value stored in the A/D conversion registers such as ADCDR1, ADCDR2H, or
ADCDR2L must be read out after the conversion is ended (EOCF =1). The EOCF is automatically
cleared to "0" by reading the converted value. When the converted value is read out during A/D
conversion, the undefined value is read out.

ADS [ : I_I [

(ADCDR1) : 5 : ;
or ' Invalid ' Result X X Conversion time Result
(ADCDR2H), X X X ) X X
ADCDR2L ie— Conversion —: . «— Conversion —>:
(ADC ) : time : Cor]c\ilrenreslon : time :
184/fcgek [s] 184/fcgck [s]
EOCF | | | |
. —_——0 O—0C
Processing + + + * A
Read Start Read Start Start

Figure 2-81. A/D Conversion Timing Chart
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(3) A/D conversion in STOP mode
When the MCU places in the STOP mode during the A/D conversion, the conversion is stopped
and the ADCDR contents become indefinite. The EOCF remains to be cleared to “0” after

returning to the STOP mode. However, if the STOP mode is started after the end of conversion
(EOCF = 1), the ADCDR contents are held.

Example1 : The A/D conversion starts after the AIN4 pin is selected as the conversion
time and the analog input channel. Confirming the EOCF, the converted
value is read out, and the upper 2 bits data is stored to address 0009Ey in
RAM and the lower 8 bits data is stored to address 0009F.

; AIN SELECT
LD (ADCCR), 001001008 ; Selects the conversion time and AIN4
; A/D CONVERT START
SET (ADCCR).6 ; ADS =1
SLOOP: TEST (ADCCR).7 s EOCF=17?
JRS T,SLOOP
; RESULT DATA READ
LD (9EH), (ADCDR2H)
LD (9DH), (ADCDR2L)

The analog input voltage is corresponded to the 10-bit digital value converted by the A/D as shown

in figure 2-82.
3FFy T —<
3FEy T v
3Dy + —<
A/D o (X i
conversion ~ Ly
result .~
03y + —
»/‘
.,'
02y T ~
0y T ==
- | | | {5 I | | i VAREF - VASS
0 1 2 3 1021 1022 1023 1024 X — 1022
Analog Input voltage vs. A/D conversion result (typ.)

Figure 2-82. Analog Input Voltage and A/D Conversion Result (typ.)
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INPUT / OUTPUT CIRCUIT
(1) Control pins
The input/output circuits of the 88C060 are shown below.
Port /0 Input/ Output circuitry and Code Remarks
Osc. enable _)tD)_ fe High-frequency resonator
- connect pin
XIN I/0 VDD »ﬁ/\r VDD
XOuT f
D D R =1.2MQ  (typ.)
XIN XOUT
NM1 NM2
m Low-frequency resonator
Osc. enable &
_):D?_ fs connect pin
XTIN /O | Refer —W— VDD
vDD =
XTOUT to P2 Re Zro Rt =6MQ (typ.)
port Ro =220kQ  (typ.)
XTIN XTOUT
VDD Sink open drain output
%R.N % Hysteresis input
R .
— Pull-
RESET 10 | Address-trap-reset - @—w\, [T | Pul-up resistor
Watchdog-timer-reset_)]_l_/ |~ Rin =220 kQ (typ.)
System-clock-reset R=1kQ (typ.)
_D Hysteresis input
— § R R=1kQ (typ.)
STOP/INT5 Input
P20 —
STOP/INTS @,
VDD Pull-down resistor
R % Rin=70kQ  (typ.)
TEST Input Q_VV\’ D IN ’
Ry R=1kQ (typ.)
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(2) Input/Output ports
Port /0 Input/ Output circuitry and Code Remarks
initial "Hi-z" VDD Try state input/ output
PO
/0
p7 disable ey R
~
initial “Hi-z2"” VDD Try state input/ output
Hysteresis input
P1 /0
disable =€ R
@ R=1kQ (typ.)
P20, P23 P21, P22 Sink open drain output
initial “Hi-Z" initial “Hi-z" VDD Hysteresis input
P2 /0
R < R R=1KkQ (typ.)
initial “Hi-z" Sink open drain output
—{>o—| Hysteresis input
P3 /0 R
Large current output
@, R=1kQ
initial “Hi-Z" Sink open drain output
—[>o—| Hysteresis input
P4 /0 R
@, R=1kQ
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ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATING (Vss=0V)
PARAMETER SYMBOL CONDITIONS RATING UNIT
Supply Voltage Vpp -0.3t06.5
Input Voltage Vin -03toVpp+0.3 v
VOUT1 P21 B P22, RESET, Tri-st -0.3to VDD +0.3
Output Voltage - -
Vout2 P20, P23, Sink Open Drain Port -0.3t05.5
louT PO, P1, P2, P4, P7 port 3.2
Output Current (Per 1 pin) louT2 A19-0, D7-0, RD, WR 12
louTs P3 30 mA
2l 80
Output Current (Total) ouTt
Slout2 120
Power Dissipation (Topr =70°C) PD 330 mwW
Soldering Temperature (time) | Tsld 260(1059)
Storage Temperature Tstg -55t0125 °C
Operating Temperature Topr -40t0 85
RECOMMENDED OPERATING CONDITIONS | (Vss=0V, Topr= - 40 to 85 °C)
PARAMETER SYMBOL PINS CONDITIONS Min. Max. UNIT
Supply Voltage fe= NORMAL1, 2 mode 45
12.5MHz | IDLE1, 2 mode
fe= NORMAL1, 2 mode
Vbp 4.2 MHz IDLE1, 2 mode 2.7 5.5 V
fs = SLOW mode
32.768 kHz | SLEEP mode
STOP mode 2.0
Input High Voltage | v, |EXePthysteresisand TTL Vpp X 0.70
Input VppZ 4.5V
Viu2 | Hysteresis input Vpp % 0.75
Vpp \%
Vi3 Except TLLinput Vpp<4.5V Vpp % 0.90
v TTLinput Vpp=5V 2.2
H4 (Data bus) Vpp=3V Vpp-0.2
Input Low Voltage ViLq !Except hysteresis and TTL Vpp X 0.30
input VppZ 4.5V
V|> | Hysteresisinput Vpp X 0.25 v
Vizs | Except TTLinput Vpp<4.5V 0 Voo x0.10
v TTLinput Vop=5V 08
IL4 | (Data bus) Vpp=3V 0.2
Vpp=4.5Vto5.5V
Clock Frequenc oD
a y fe XIN. XOUT (Normal 1, 2 modes) 1.0 125 MHz
Vpp=2.7V10 5.5V 42
fs XTIN, XTOUT 30.0 34.0 kHz

Note : fc(Min.) are calculated at using clock Gear as follow :
(Minimum value of fc) = (pre-scaled ration) x 1 [MHz]
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DC CHARACTERISTICS (Vss=0V, Topr= -40t085°C)
PARAMETER SYMBOL PINS CONDITIONS Min. | Typ. | Max. | UNIT
Hysteresis Voltage Vus Hysteresis input - 0.9 - Vv
IiN1 TEST, EA
- — . Vpp=5.5V
Input Current lin2 Sink Open Drain, Tir-state Port - - 12 | LA
ViN=5.5V/0V
Iin3 RESET, STOP
. Rin2 RESET 100 220 450
Input Resistance kQ
Ring  |TEST - 70 -
Oscillator Feed-back Rix XIN-XTOUT - 1.2 - MO
Resistance Rext XTIN-XTOUT - 6 -
Output Leakage ILo1 Sink Open Drain Port Vpp=5.5V,Vgyr=5.5V - - A
Current ILo2 Tir-st port Vpp=5.5V, Voyr=5.5V/0V - - 2 #
V Tir-st port Vpp=4.5V,lopp= -0.7 mA 4.1 - -
Output High Voltage OH2 P — bR O Vv
Vous |A19-0, D7-0,RD, WR Vop=4.5V, loy= - 400 45 24 | - -
Output Low Voltage Vorz |A19-0,D7-0,RD, WR Vpp=4.5V,lo.=1.6 mA - - 0.45 \Y
Except XOUT, P3,
loLt - Vpp=4.5V,Vo.=0.4V - 1.6 -
Output Low Voltage A19-0, D7-0, RD, WR mA
loLs P3 Vpp=4.5V, Vo =1.0V - 20 -
Supply Currentin Vpp=5.5V 15 20
NORMAL1, 2 mode Vin=5.3V/0.2V A
m
Supply Currentin fc=12.5MHz 6 8
IDLE1, 2 mode fs=32.768 kHz
Supply Currentin Vpp=3.0V
pply oo DD _ 30 60
SLOW mode ViN=2.8V/0.2V A
Supply Currentin fs=32.768 kHz 15 - #
SLEEP mode
Supply Currentin Vpp=5.5V
pply DD B 05 10 | A
STOP mode ViN=5.3V/0.2V

Note 1: Typical values show those at Top, =25 °C, Vpp =5 V.

Note 2 : Inputcurrent g, Iing
Note 3: IDD: Except for IREF.

The current through pull-up or pull-down resistor is not included.
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A.C. CHARACTERISTICS | (1) (Vss=0V, Vpp=4.5t05.5V, Topr= — 4010 85°C)
(1)-® cCLOCK
PARAMETER SYMBOL CONDITIONS Min. Typ. Max. UNIT
In NORMALT1, 2 mode
0.32 - a4
. i InIDLE1, 2 mode
Machine Cycle Time tey s
In SLOW mode
117.6 - 133.3
In SLEEP mode
High Level Clock Pulse Width twen For e?(ternal clock operation
(XIN input) 40 - - ns
Low Level Clock Pulse Width twel fc=12.5MHz
High Level Clock Pulse Width twsH For e.xternal clock operation
(XIN input) 14.7 - - us
Low Level Clock Pulse Width twsL fs=32.768 kHz
(1)-@ EXTERNAL MEMORY INTERFACE
Variable 12.5 MHz
PARAMETER SYMBOL - - UNIT
Min. Max. Min. Max.
Address Setup to RD tARD 0.5t-30 - 10 - ns
Address Setup to WR tAWR 1.5t - 30 - 90 - ns
- 1
Address Hold Time After RD/WR RDA 0.5t-35 - 5 - ns
twra
Address to Valid Data In taDI - 3.5t-95 - 185 ns
RD to Valid DataIn tRDDS - 3.0t-100 - 140 ns
RD Low Pulse Width twRrD 0.3t-40 - 200 - ns
Input Data Hold After RD tRDDH 0 - 0 - ns
WR Low Pulse Width twwr 2.0t-40 - 120 - ns
Data Setup to WR tpWR 2.0t-40 - 120 - ns
Data Hold After WR tyWRDH 0.5t-35 - 5 - ns
XIN to Address Delay txINA - 140 - 140 ns
XTIN to Address Delay tXTINA - 340 - 340 ns

Note : t=tcy/4(t=80ns @ 12.5 MHz)
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(M-® WAIT
Variable 12.5 MHz
PARAMETER SYMBOL - - UNIT
Min. Max. Min. Max.

Address Setup to WAIT tAWTF - 1.5t-100 - 85 ns
Address Setup to WAIT tAWTR 1.5t +20 - 140 - ns
RD Setup to WAIT tRDOWTF . 1.0t-100 - -20 ns
RD Setup to WAIT tRDWTR 1.0t +20 - 100 - ns
WR Setup to WAIT twRWTR 20 - 20 - ns

Address Valid to CLK tACLK - 4.0t +35 - 355 ns
_ t

CLK Pulse Width WKL 2 0t- 50 - 110 - ns

twcLkH
CLK Set up to WAIT toLkwr - 1.5t-70 - 50 ns
(1)-@ BUS ARBITRATION
Variable 12.5 MHz
PARAMETER SYMBOL - - UNIT
Min. Max. Min. Max.
Bus Floating to BUSAK tREAK 0.5t-30 - 50 - ns

A.C. Meaurement Condition

Output Level
Input level

High2.2V/Low 0.8V, CL = 100pF
High 2.4V /Low 0.4V (D7 to D0)

High 0.7 Vpp/ Low 0.3 Vpp (WAIT)
High 0.8 Vpp / Low 0.2 Vpp (Except D7 to DO and WAIT)
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A.C. CHARACTIRISTICS | (20 (Vss=0V, Vpp=2.7t05.5V, Topr= -401t085°C)
(2)-® CLOCK
PARAMETER SYMBOL CONDITIONS Min. Typ. Max. UNIT
In NORMALT1, 2 mode
0.95 - 4
. i InIDLE1, 2 mode
Machine Cycle Time tey s
In SLOW mode
117.6 - 133.3
In SLEEP mode
High Level Clock Pulse Width twen For e?<ternal clock operation
(XIN input) 119 - - ns
Low Level Clock Pulse Width twel fc=4.2 MHz
High Level Clock Pulse Width twsH For external clock operation
(XTIN input) 14.7 - - 5
Low Level Clock Pulse Width twsL fs=32.768 kHz
2)-© EXTERNAL MEMORY INTERFACE
Variable 4.2 MHz
PARAMETER SYMBOL - - UNIT
Min. Vax. Min. Vax.
Address Setup to RD tARD 0.5t-110 - 9 - ns
Address Setup to WD tAWR 1.5t-120 - 237 - ns
. R — troA
Address Hold Time After RD/WR 0.5t-110 - 9 - ns
twra
Address to Valid Data In tADI - 3.5t-270 - 563 ns
RD to Valid Data In tRDDS - 3.0t-205 - 509 ns
RD Low Pulse Width twrD 0.3t-40 - 436 - ns
Input Data Hold After RD tRDDH 0 - 0 - ns
WR Low Pulse Width twwr 2.0t-85 - 391 - ns
Data Setup to WR tDWR 2.0t-50 - 426 - ns
Data Hold After WR twroy | 0.5t—110 - 9 - ns

Note : t=tcy/4(t =238 ns @4.2 MHz)
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(2)-® WAIT
Variable 4.2 MHz
PARAMETER SYMBOL - - UNIT
Min. Max. Min. Max.

Address Setup to WAIT tAWTE - 1.5t - 257 - 100 ns
Address Setup to WAIT tAWTR 1.5t+ 125 - 482 - ns
ﬁSetup to WAIT trRDOWTF - 1.0t-165 - 73 ns
ﬁSetup to WAIT tRDWTR 1.0t+125 - 363 - ns
WR Setup to WAIT tWRWTR 50 - 50 - ns
Address Valid to CLK tacLK - 4.0t+70 - 1022 ns
_ t

CLK Pulse Width WELKE 1 2.0t-118 - 358 - ns

twelkH
CLK Set up to WAIT teLkwT - 1.5t-170 - 187 ns
(2)-@ BUS ARBITRATION
Variable 4.2 MHz
PARAMETER SYMBOL - - UNIT
Min. Max. Min. Max.
Bus Floating to BUSAK tBFAK 0.5t-109 - 10 - ns

A.C. Meaurement Condition
Output Level
Input level

ngh 0.7 Vpp/ Low 0.3 Vpp, CL= 100 pF
High 0.9 Vpp/ Low 0.1 Vpp
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A /D CONVERSION CHARACTERISTICS | (Topr= -401t0 85 °C)
PARAMETER SYMBOL CONDITIONS Min. Typ. Max. UNIT
V AREF Vpp - 1.5 - Vbb
Analog Reference Voltage \Y
Vass Vss - Vss
Analog Reference Voltage AV ager 25 B B v
Range
Analog Input Voltage VAIN VASS - VAREF v
Analod Suonly C . | Vpp = AVDD = VAREF = 5.5V 05 o A
nalo rren - . . m
93upply = REF | vss = AVSS = VASS = 0.0V
Non-Linearity Error Vpp=5.0t05.5V, Vg5 =0.0V - - 2
Zero Point Error AVDD = VAREF = 5.000V - - *2
AVSS = VASS =0.000 V LSB
Full Scale Error low Speed Conversion (58.9 us, B B =2
Total Error @ 12.5 MHz) - - +4
Non-Linearity Error Vpp=2.7t05.5V, Vg5 = 0.0V - - 2
Zero Point Error AVDD = VAREF =2.700V - - *2
AVSS =VASS =0.000 V LSB
Full Scale Error . : - - +2
Hihg speed conversion (43.7 us,
Total Error @4.2MH2) - - +4

Note : AVaper=Vaper = Vass
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Timing Chart
(1) Read Cycle
twel twcH
tey twsL twsH |

XIN
XTIN

A19to0

D7 to DO

(2) Write Cycle

XIN
XTIN

A19to0

D7 to DO

0
-
~

<> IxiNA
txTina

N N S S

X
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(3) Wait Timing
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(4) Bus Arbitation

A19to0 X

D7t00

3-60-135



TOSHIBA UNDER DEVELOPMENT TMP88C060

3-60-136



