TOSHIBA TMP93CS44/TMP93CS45

Low Voltage / Low Power CMOS 16-bit MICROCONTROLLERS

TMP93CS44F / TMP93CS45F
TMP93CS44DF

1. OUTLINE AND DEVICE CHARACTERISTICS

The TMP93CS44 / TMP93CS45 are high-speed, advanced 16-bit microcontrollers developed for
controlling medium to large-scale equipment. The TMP93CS45 does not have a ROM, the TMP93CS44
has a built-in ROM. Otherwise, the devices function in the same way.

The TMP93CS44F / TMP93CS45F are housed in 80-pin flat package (QFP80-P-1212-0.50A).

The device characteristics are as follows:

1)

(2)
(3)

(4)

(5)
(6)
(7
(8)
9)
(10)
(11)
(12)
(13)

Original 16-bit CPU (900 /L CPU)

TLCS-90 instruction mnemonic upward compatible

16M-byte linear address space

General-purpose registers and register bank system

16-bit multiplication / division and bit transfer / arithmetic instructions
Micro DMA : 4 channels (1.6 us per 2 bytes at 20 MHz)

Minimum instruction execution time : 200 nsat20 MHz

Internal RAM : 2K bytes

Internal ROM : | TMP93CS44 64K-byte ROM
TMP93CS45 None

External memory expansion

® Can be expanded up to16M-bytes (for both programs and data).
® AMS8/16 pin (select the external data bus width)
® Canmix 8- and 16-bit external data buses.

(Dynamic bus sizing)
8-bit timer :  4channels
16-bit timer :  2channel
Serial interface :  2channels
12C bus channel :  1channel

10-bit A/D converter : 8channels
High current output : 8 ports
Watchdog timer

Bus width / wait controller : 3 blocks
Interrupt functions : 33

e 9 CPU interrupts
® 17internalinterrupts

e 7external interrupts :I 7-level priority can be set.

Purchase of TOSHIBA I? C components conveys a license under the Philips I C Patent Rights to use these components in an ’c system,
provided that the system conforms to the 12C Standard Specification as defined by Philips.
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TOSHIBA TMP93CS44/TMP93CS45

(14) T/O ports
62 pins for TMP93CS44 and 44 pins for TMP93CS45
(15) Standby function : 4 haltmodes(RUN,IDLE2,IDLE1, STOP)

® High-frequency clock can be changed from fe to fe/ 16.
® Dual clock Operation (16) Clock gear function

(17) Wide Range of Operating Voltage
® Veec=2T7to55V
(18) Package

Type No. Package
TMP93CS44F LQFP80-P-1212-0.50A
TMP93CS45F

TMP93CS44DF QFP80-P-1420-0.80B
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TOSHIBA TMP93CS44/TMP93CS45
~—vce[2]
ANO to AN2 (P50 to P52), 900/ L-CPU ~— VSS [2]
AN4 to AN7 (P54 to P57) e —
AN3/ADTRG (P53) 10-BIT 8CH XWA w[A Fre ql?e hey X1
AVCC A/D XBC B|C 0sC X2
AVSS CONVERTER | | XDE D E
VREFH XHL HIL conrosi R CLK
VREFL XIX X
XY Y . Low XT1
XIz 1z redse XT2
TXDO (P60) SERIAL I/0 XSP SP < — AM8/TE
RXDO (P61) (CH.0) -~ 32bit —> ~—A
SCLKO/CTS0 (P62) SR ~— RESET
—
TXD1 (P63) SERIAL I/O <L ALE
RXD1( P64) (CH.1) TEST2, 1
SCLKI/CTS1 (P65) INTERRUPT INTO (P35)
CONTROLLER NMI
WAIT (P70)
P71 <>
P72 WATCH-DOG
P73 TIMER
P74 PORT7 2KB RAM
P75
P76
P77 PORT 0 ADO to AD7*
(POO to PO7)
TIO/INT1 8BIT TIMER
P40 PORT 1 AD81to AD15/A8to A15*
(Pa0) (TIMER 0) (P10 to P17)
8BIT TIMER
(TIMER 1) PORT 2 AOto A7/A16to A23*
(P20to P27)
8BIT TIMER
(TIMER 2)
RD (P30) *
TO3 (P41) 8BIT TIMER PORT 3 WR (P31) *
(TIMER 3) HWR / SCK (P32)
64KB ROM
INT4/T14 (P42)
INT5/ TI5 (P43) 16BIT TIMER WAIT
TOA4 (P44) (TIMER 4) CONTROLLER
(3-BLOCK)
INT6 /TI6 (P45) 16BIT TIMER
INT7/TI7 (P46) (TIMER 5)
TO6 (P47) _ _ SERIAL BUS SO /SDA (P33)
(Notlncluded inthe > INTERFACE
TMP93C545 CONTROLLER SI/SCL (P34)

Note) The pin state after reset

Product AMB8/16 Pin function after reset
TMP93Cs44 “H" level Item in parentheses () are the initial setting after reset.
“"H" level Except for “*” pins, item in parentheses ( ) are the initial setting after reset.
TMP93CS45 upw Except for “*” pins, item in parentheses ( ) are the initial setting after reset.
L” level ns, rtem, :
However, port 1 isinitialized item of out parentheses.

Figure 1 TMP93CS44/TMP93CS45 Block Diagram
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TOSHIBA

TMP93CS44/TMP93CS45

2.1

PIN ASSIGNMENT AND FUNCTIONS

The assignment of input and output pins for the TMP93CS44 / TMP93CS45, their names and functions

are described below.

Pin Assignment

Figure 2.1 shows pin assignment of the TMP93CS44F / TMP93CS45F.
Figure 2.2 shows pin assighment of the TMP93CS44DF.
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[T 1 P07 (AD7)
[TT—1 P06 (AD6)
[T 1 PO5 (AD5)
[T P04 (AD4)
[MTT—1 P03 (AD3)
[MT—1 P02 (AD2)
[T 1 P01 (AD1)
[TT—1 P00 (ADO)
[T 1 ALE
VIS
M1 1 vCC
[TT 1 TEST2
[TT 1 TEST1
[TT 1 P67 (XT2)
[TT 1 P66 (XT1)
[TT—1 RESET
MT1EA
M1 X2
11 X1

[TT—1 AM8/76

Figure 2.1 Pin Assignment (LQFP80-P-1212-0.50A)
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Figure 2.2 Pin Assignment (QFP80-P-1420-0.80B)
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TOSHIBA TMP93CS44/TMP93CS45
2.2 Pin Names and Functions
The names of input / output pins and their functions are described below.
Table 2.2 Pin Names and Functions.
Table 2.2 Pin Names and Function (1/3)
Pin name “L‘%’Sﬁ,ir 1/0 Functions
P00 to P07 8 I/0 | Port 0: 1/O port that allows selection of I/0 on a bit basis
/ADQ to AD7 3-state | Address/data (lower): Bits 0 to 7 for address/data bus
P10 to P17 I/0 | Port 1: 1/O port that allows selection of /0 on a bit basis
/AD8 to AD15 8 3-state | Address data (upper): Bits 8 to 15 for address/data bus
/A8to A15 Output | Address: Bits 8 to 15 for address bus
P20 to P27 I/0 [Port 2: I/0 port that allows selection of I/0O on a bit basis
(with pull-up resistor)
/A0 to A7 8 Output | Address: Bits 0 to 7 for address bus
/A16 to A23 Output | Address: Bits 16 to 23 for address bus
P30 1 Output | Port 30: Output port
/RD Output [ Read: Strobe signal for reading external memory
P31 1 Output | Port 31: Output port
/WR Output | Write: Strobe signal for writing data on pins ADQ to 7
P32 I/0 | Port 32: 1/O port (with pull-up resistor)
/HWR 1 Output | High write: Strobe signal for writing data on pins AD8 to 15
/SCK I/0 | Mode clock SBI SIO mode clock
P33 I/0 [ Port 33: 1/0 port
/SO 1 Output | Serial Send Data
/SDA I/0 | SBI I2C bus mode channel data
P34 I/0 | Port 34: 1/0 port
/Sl 1 Input [ Serial Receive Data
/SCL I/0 | SBI I2C bus mode clock
P35 I/0 | Port 35: 1/0 port
/INTO 1 Input | Interrupt request pin 0: Interrupt request pin with
i prograrima(llle Iefel/rising edgep ) P j.t v
P40 I/0 | Port 40: 1/O port
/TIO 1 Input [ Timer input 0: Timer 0 input
/INT1 Input | Interrupt request pin 1: Interrupt request pin with rising edge A
P41 ] /O [ Port41: 1/O port
/TO3 Output | Timer output 3: 8-bit Timer 3 output
P42 I/O | Port 42: 1/0 port
/T4 1 Input [ Timer input 4: Timer 4 input
/INT4 Input | Interrupt request pin 4: Interrupt request pin with
programmable rising / falling edge AN
P43 I/0O | Port 43: 1/0O port
/TI5 1 Input | Timerinput5: Timer 4 input
/INT5S Input | Interrupt request pin 5: Interrupt request pin with rising edge A
P44 1 /O [Port 44 : 1/0 port
/TO4 Output | Timer output 4: Timer 4 output pin
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TOSHIBA TMP93CS44/TMP93CS45
Table 2.2 Pin Names and Function (2/3)
Pin name '\l,‘%’},‘i?,es’ 1/0 Functions
P45 I/0 | Port 45: 1/0 port
/Tl6 1 Input | Timer input 6: Timer 5 input
/INT6 Input | Interrupt request pin 6: Interrupt request pin with programmable
rising / falling edge AN
P46 /0 | Port 46: 1/O port
/TI7 1 Input | Timerinput7: Timer5input
/INT7 Input | Interrupt request pin 7: Interrupt request pin with rising edge _/
P47 1 I/0 | Port 47: 1/O port
/TO6 Output | Timer output 6: Timer 5 output pin
P50 to P52, Input | Port 50 to Port 52, Port 54 to Port 57: Input port
P54 to P57 ; _ _
/ANO to AN2, Input | Analog input: Analog signal input for A/D converter
AN4 to AN7
P53 Input | Port53: Input Port
/AN3 1 Input | Analog input: Analog signal input for A/D converter
/ ADTRG Input | A/D converter external start trigger input
P60 1 I/0 | Port 60: 1/O port (with pull-up resistor)
/TXDO Output | Serial send data 0
P61 1 I/0 | Port 61: 1/O port (with pull-up resistor)
/RXDO Input | Serial receive data 0
P62 I/0 | Port 62: 1/O port (with pull-up resistor)
/CTSO 1 Input | Serial data send enable 0 (Clear to Send)
/SCLKO I/0 | Serial Clock I/0 0
P63 1 I/0 | Port 63: 1/0 port (with pull-up resistor)
/TXD1 Output | Serial send data 1
P64 1 I/0 | Port 64: 1/0 port (with pull-up resistor)
/RXD1 Input | Serial receive data 1
P65 I/0 | Port 65: 1/0 port (with pull-up resistor)
/CTST 1 Input | Serial data send enable 1 (Clear to Send)
/SCLK1 I/0 | Serial clock 1/0 1
P70 I/0 | Port 70: 1/0 port (High current output available)
/WAIT 1 Input [ WAIT: Pin used to request CPU bus wait (It is active in 1 WAIT + N
mode. Set by the Bus-width/wait control register.)
P71 to P77 7 I/0 | Port7: 1/0 port (High current output available)
Input | Non-maskable interrupt request pin: Interrupt request pin with
NMI 1 falling edge. Can also be operated at falling and rising edges by
program.
Output | Clock output: Outputs “fgys + 2" Clock.
CLK 1 Pulled-up during reset.
Can be disabled for reducing noise
A 1 Inpu
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TOSHIBA TMP93CS44/TMP93CS45
Table 2.2 Pin Names and Function (3/3)
Pin name '\l,‘%’},‘i?,es’ 1/0 Functions
AMS8/716 1 Input
Address Latch Enable
ALE 1 Output
utbu Can be disabled for reducing noise.
RESET 1 Input [Reset: Initializes TMP93CS44/545. (With pull-up resistor)
VREFH 1 Input |Pin for high level reference voltage input to A/D converter
VREFL 1 Input |Pin for low level reference voltage input to A/D converter
AVCC 1 Power supply pin for A/D converter
AVSS 1 GND pin for A/D converter (0 V)
X1 1 Input [High Frequency Oscillator connecting pin
X2 1 Output [High Frequency Oscillator connecting pin
P66 1 I/0 |Port 66: 1/0O port (Open Drain Output)
/XT1 Input |Low Frequency Oscillator connecting pin
P67 1 I/0 |Port 67: 1/0 port (Open Drain Qutput)
/XT2 Output [Low Frequency Oscillator connecting pin
TEST1/TEST2 5 Output/|TEST1 Should be connected with TEST2 pin.
Input
VCC 2 Power supply pin (All Vcc pins should be connected with GND (0V).)
VSS 2 GND pin (0 V) (All Vss pins should be connected with GND (0V).)

Note : Built-in Pull-up resistors can be released from the pins other than the RESET pin by software.
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TOSHIBA TMP93CS44/TMP93CS45

3. OPERATION

This section describes the functions and basic operational blocks of TMP93CS44/ S45 devices.
See the [ 7. Points of Concern and Restrictions | for the using notice and restrictions for each block.

31 CPU

TMP93CS44/545 devices have a built-in high-performance 16-bit CPU (900 / L. CPU). (For CPU
operation,see TLCS-900/L CPU in the previous section).

This section describes CPU functions unique to the TMP93CS44/545 that are not described in the
previous section.

3.1.1 Reset

To reset the TMP93CS44/S45, the RESET input must be kept at 0 for at least 10 system clocks
Resetting initializes the clock gear to 1/16. (16 «s at 20 MHz) within the operating voltage range and
with a stable oscillation.

When reset is accepted, the CPU sets as follows:

® Program Counter (PC) according to Reset Vector that is stored FFFF00H to FFFF02H.
PC(7t00) < storeddatain location FFFFOOH
PC(15t08) < stored data in location FFFFO1H
PC (23 to 16) < stored data in location FFFF02H

Stack pointer (XSP) for system mode to 100H.

IFF2 to 0 bits of status register to 111. (Sets mask register to interrupt level 7.)

MAX bit of status register to 1. (Sets to maximum mode)

Bits RFP2 to 0 of status register to 000. (Sets register banks to 0.)

When reset is released, instruction execution starts from PC (reset vector). CPU internal registers
other than the above are not changed.
When reset is accepted, processing for built-in I/Os, ports, and other pins is as follows

Initializes built-in I/O registers as per specifications.

Sets port pins (including pins also used as built-in I/Os) to general-purpose input / output port mode.
Pulls up the CLK pin to 1“H” level.

Sets the ALE pin to “L” level (the case of TMP93CS45), to High Impeadance (Hi-Z) (the case of
TMP93CS44) .

Note2: The CLK pin is pulled up to “H” level during reset. When the voltage is put down externally,
there is possible to cause malfunctions.

Figure 3.1 (1) and (2) show the reset timing chart of TMP93CS45 and TMP93CS44.
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3.1.2 AMS8/16 pin

(1

(2)

TMP93CS44

Set this pin to “H”. After reset, the CPU accesses the internal ROM with 16 bit bus width. The bus
width when the CPU accesses an external area is set by Chip Select/Wait Control Register and the
registers of Port 1, which are described in section 3.6.2 (The value of this pin is ignored and the value set
by register is active.)

TMP93CS45
With fixed 16-bit data bus external 16-bit data bus or 8-bit data bus is selectable

Set this pin to “L”. Port 1, AD8 tol5 and A8 to 15 pins are fixed to AD8 to 15 functions. The values set
in Port 1 control register and Port 1 function register are invalid.

The external data bus width is set by the chip select/wait control register which is described in section
3.6.2.

Itis necessary to set the program memory to be accessed to 16-bit data bus after reset.

With fixed external 8-bit data bus

Set this pin to “H”. Port 1, AD8 to 15 and A8 to 15 pins are fixed to A8 to 15 functions. The values setin
Port 1 control register and Port 1 function register are invalid.

The values of bit 4 <BOBUS>, <B1BUS> and <B2BUS> in the chip select/wait control register
described in section 3.6.2 are invalid. The external 8-bit data bus is fixed.
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Figure 3.1 (1) TMP93CS45 Reset Timing Chart
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3.2 Memory Map
Figure 3.2 is a memory map of the TMP93CS44/345.

A
000000 256 byte direct
000080H | area (n)
000100
000880H
External memory 64K-byte area
(nn)
01 OOOOH ..................................................
_ 16M-byte area
FFOOOOH (r32)
(-r32)
(r32 +)
(r32 +r8/16)
(r32 +d8/16)
. External area (nnn)
for TMP93CS45

FFFFOOH |
FFFFFFH |

Internal area)

Figure 3.2 Memory map
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3.3 Dual Clock, Standby Function

Dual Clock, Stand by Control Circuits consist of (1) System clock Controller, (2) Prescaler Clock
Controller and (3) Standby Controller.

The Oscillator operating mode is classified to (a) Single Clock mode (only X1, X2 pin), and (b) Dual
Clock mode (X1, X2, XT1, XT2 pin).

Figure 3.3 (1) shows a transition figure. Figure 3.3 (2) shows the block diagram.

Figure 3.3 (3) shows I/O registers. Table 3.3 (1) shows the internal operation and system clock.

Reset
RUN mode instruction release Reset
(Stops only CPU) interrupt
\ instruction
< mtrction NORMAL mode - STOP mode
IDLE2 mode interrupt (Stops all circuits)
(Stops CPU and A/D)

ijg//’ (fc/gear value/2)
instructig)

interrup

IDLE1 mode
(Operates only oscillator)

(a) Single Clock mode transition figure

Reset

RUN mode

instruction

(Stops only CPU)

interrupt

release Reset

IDLE2 mode
(Stops CPU and A/D)

interrupt

NORMAL mode
(fc/gear value/2)

instruction

IDLE1 mode
(Operates only oscillator)

instruction
interrup)

RUN mode
(Stops only CPU)

instruction
interrupt

instruction

STOP mode
(Stops all circuits)

instruction

IDLE2 mode
(Stops CPU and A/D)

[ ™

interrupt

instruction

SLOW mode
(fs/2)

IDLE1 mode
(Operates only oscillator)

interrup;

(b) Dual Clock mode transition figure

Figure 3.3 (1) Transition Figure

The Clock Frequency input from X1, X2 pin is called fc, and the Clock Frequency input from XT1, XT2
pin is called fs. The clock frequency selected by SYSCR1<SYSCK > is called system clock frpg. The
devided clock of frpyy is called system clock fgys, and the 1 cycle of fgygis called 1 state.
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TMP93CS44/TMP93CS45

Table 3.3 (1) Internal operation and system clock

Operating - hOsciIIatorLow CPU internal /o | System clock
Mode Frequegcv (fo) | Frequency (fs) fsys
< | RESET reset reset fe/3p
© INORMAL operate ¢
o RUN oscillation operate programmable
° [ioLe2 stop | (o a9
- stop only A/D C C
o stop ponly /16, 7</32)
< |IDLE1 stop
Y | sTOP stop stop
RESET o stop reset reset fe/3
v oscillation r————,
v NORMAL P’°9_'a'“’“_ab'e operate operate  |-(% o el efg, T/20)
— |SLOW programmable | oscillation fs/y
o
_ RUN Oscillator being used as system programmable
© clock : oscillation sto fc/a e/, fe
S IDLE2 Other oscillator : programmable P stop only A/D ( 1{c2/’ /?é/ /&fs/ |
2 |iDLE" 16, /32, Ts/2
stop
STOP stop stop
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Figure 3.3 (2) Block Diagram of Dual Clock, Standby circuits
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TOSHIBA TMP93CS44/TMP93CS45
SYSCRO 7 ¢ 6 i 5 i o4 i 3 i 2 i 1 100
(006EH) bit Symbol XEN i XTEN : RXEN i RXTEN : RSYSCK : WUEF : PRCK1 : PRCKO

Read / Write RW
After reset 1t ¢ o ¢ 1 i 0o { 0 i 0 i 0 i o0
Function High Low High Low slect clock EWarm—Up select prescaler clock
Frequency : Frequency :Frequency :Frequency  after Timer D00: frpy
oscillator (fc) : oscillator (fs) : oscillator (fc) : oscillator ! released 0 write : 01:fs
0 : stop 1 0:stop : after : (fs) after 1 STOPmode ! don'tcare : 10:fc/(16x4)
1: i : released : released i 0:fc write : © 11:(reserved)
oscillation  : oscillation : STOPmode :STOPmode : 1:fs : starttimer
: 1 0:stop :0:stop : ‘0read : end
1: 1: warm-up
s oscillation  : oscillation read:
: : : i notend
: : warm-up
SYSCR1 7 6 5 4 3 2 1 0
(006FH) bit Symbol : : ' . SYSCK : GEAR2 : GEAR1 : GEARO
Read /Write R/W
After reset 0 1 0 0
Function select system select gear value of high frequency (fc)
: clock :000: fc
P0:fe P001: fa2
P fs i 010:fo4
: o011 fo8
100 : fc/16
101 : (reserved)
110 : (reserved)
: : : : i 111:(reserved)
CKOCR 7 ¢ 6 i 5 i 4 i3 P2 i 0
(006DH) bit Symbol . ALEEN | CLKEN
Read / Write RIW
After reset 0M(note2)! O/ (Note2)
Function : ALE Pin : CLK pin
: output ! output
: control : control
10: HZ 10: HZ
output i  output
{1:ALE P1:CK
output output
WDMOD 7 ¢ 6 ¢ 5 i 4 i3 b2 i P
(005CH) bit Symbol WDTE | WDTP1 : WDTPO : WARM : HALTM1 : HALTMO : RESCR : DRVE
Read / Write R/W
After reset 1 i 0 ¢ o ¢{ o f{ 0o f{ 0o i o i o0
Function wDT { WDT Detection Time {Warm-Up i HALT mode 10:Don't Pinstate
control i Timer i care  controlin
: 10:2% : 1 1:Connects : STOP mode
0:disable : 00 : 213y i frequency 00: RUN mode : WDT output : 0 : /O off
1:enable | 0172 7fsys linputted 1 01:STOP mode i to RESET pin : 1: Remains
1101 21945y T1:218/ 1 10: IDLET mode tinternally. 1 thestate
D11 221fgyg i frequency 1 11:IDLE2 mode : i before
: ! inputted : : i HALT
Note 1:  SYSCR1<bit7-4>and CKOCR<bit 7-2>are read as "1".
Note 2 : In the TMP93CS44, resetting sets <ALEEN>, <CLKEN>bit to “0”. (High impedance ALE and CLK)
In the TMP93CS45, resetting sets <ALEEN>, <CLKEN>bit to “1”.(output ALE and CLK) The CLK
pinisinternally pulled up during reset, regardless of the product types.
Note3:  Writing “0” to SYSCR1<SYSCK>enables the high-frequency oscillator regardless of the value of

SYSCRO<XEN>. Additionally, writing “1” to <SYSCK> register enebles the low-frequency
oscillator regardless of th value of SYSCROKXTEN>.

Figure 3.3 (3) I/O registers about Dual Clock, Standby
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3.3.1 System Clock Controller

The system clock controller generates system clock (fgys) for CPU core and internal I/O. It contains two
oscillation circuits and clock gear circuit for high frequency (fe). The register SYSCR1<SYSCK >
changes system clock to either fc or fs, SYSCRO<XEN >, <XTEN > controls enable / disable each
oscillator, SYSCR1 <GEAR 2 to 0> changes high frequency clock gear to either 1, 2, 4, 8 or 16 (fc, fc/2,
fe/4, fe/8 or fe/16), and these functions can reduce the power consumption of the equipment in which the
device is installed.

The system clock (fgyg) is set to fe/32 (fe/16X1/2) because of <XEN>=%1", <XTEN> =“0",
<SYSCK>=“0", <GEAR 2 to 0> =“100" by resetting.

For example, fgyg is set to 0.625 MHz by resetting the case of 20 MHz oscillator is connected to X1, X2
pins.

The high frequency (fe) and low frequency (fs) clocks can be easily obtained by connecting a resonator to
the X1 /X2, XT1/XT2 pins, respectively. Clock input from an external oscillator is also possible.

The XT1, XT2 pins have also Port 66, 67 function. Therefore the case of single clock mode, the XT1,
XT2 pins can be used as I/O port pins.

——————————— High Frequency Clock Bty Pomsmsosmoe- Low Frequency Clock Tmmmmmmmmooa
I 1 I

I 1 I

X1 X2 X1 X2 | I XT1 XT12 XT1 XT2 i
L [] !

1 1 1

i i (open) i

I 1 I

] ~Nsscuos | ] !

i i i

i i i

1 1 1

2o A & e

I 1 I

(a) Crystal/Ceramic (b) External Oscillator | i () Crystal resonator (d) External Oscillator i
resonator J: i_ J:

Figure 3.3 (4) Examples of Resonator Connection

Note 1: Note on using the low frequency oscillation circuit.
In connecting the low frequency resonator to ports 66 and 67, it is necessary to make the
following settings to reduce the power consumption.
(connecting with resonators) PECR <P66C, P67C > =“11", P6 <P66, P67 > =“00"
(connecting with oscillators) PECR <P66C, P67C> =“11", P6 <P66, P67> =“10"

Note 2: Accurate adjustment of the oscillation frequency
The CLK pin outputs at 1/2 the system clock frequency (FSYS/2) is used to monitor the
oscillation clock. With a system requiring adjustment of the oscillation frequency, an
adjusting program must be wvitten.
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(1

Switching from NORMAL to SLOW mode

When the resonator is connected to X1, X2, or XT1, XT2 pin, the warm-up timer is used to change the
operation frequency after getting stabilized oscillation.

The warm-up time can be selected by WDMOD <WARM >.
This starting and ending of warm-up timer are performed like the following example 1, 2 by program.

Note1: The warm-up timer is also used as a watchdog timer. So, when it is used as a warm-up timer,
the watchdog timer must be disabled.

Note 2: The case of using oscillator (not resonator) with stabilized oscillation, a warm-up timer is not

need.

Note 3: The warm-up timer is operated by a oscillation clock. Therefore, warm-up time has an error.

Table 3.3 (2) Warm-up Time

Warm-up Time

WDMOD <WARM > Change to NORMAL Change toSLOW
0 (214/frequency) 0.8192 (ms) 500 (ms)
1 (216/frequency) 3.2768 (ms) 2000 (ms)

at fc=20 MHz,
fs =32.768 kHz
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Clock Setting Example 1:
Changing from the high frequency (fc) to the low frequency (fs).

SYSCRO EQU 006EH
SYSCR1 EQU 006FH

WDCR EQU 005DH
WDMOD EQU  005CH
RES 7, (WDMOD) ;
LD (WDCR), BTH ; } Disables Watchdog Timer.
SET 4, (WDMOD) ; Sets Warm-up Time to 216/fs.
SET 6, (SYSCRO) ; Enables Low Frequency Oscillation
SET 2, (SYSCRO) ; Clears and starts Warm-up Timer.
WUP : BIT 2, (SYSCRO) ; } :
Detects End of Warm-up Timer.
JR NZ, WUP :
SET 3, (SYSCR1) ; Changes fgyg from fcto fs.
RES 7, (SYSCRO) ; Disables High Frequency Oscillation.
SET 7, (WDMOD) ; Enables Watchdog Timer.
/L
<XEN> (( \
X1,X2 pins AAAAAAAAANANANAANVVAVAAANVANY \p—
<XTEN> I // !
XT1,XT2 pins By, VAVAVAVAVA /AVAVAVAVAVAVAVAVAV,
\

End of Warm-up Timer

1
1
1
1
:
Warm-up Timer Countsupbyfsys \  / Countsupbyfs ||
i
1
1
;
1
1

!

Low Frequency Warm-up Timer fromfctofs  HighFrequency

<SYSCK> fc ({ [/ fs
System Clock s \VAVAV.VAVAVAVAVAVAVAVAVAVAVAVAYANV/AM U7V
P K *
Enables Clears and Starts | Chages fgys Disables

\]
End of Warm-up TImer
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Clock Setting Example 2 :

changing from the low frequency (fs) to the high frequency (fc).

SYSCRO
SYSCR1
WDCR
WDMOD

WUP :

<XEN>

X1, X2 pins

<XTEN>

XT1,XT2 pins

Warm-up Timer
End of Warm-up Timer

<SYSCK>

System Clock fsyg

EQU
EQU
EQU
EQU
RES
LD
RES
SET
SET
BIT
JR
RES
RES
SET

006EH
006FH
005DH
005CH

7, (WDMOD)
(WDCR), B1H
4, (WDMOD)
7, (SYSCRO)
2, (SYSCRO)
2, (SYSCRO)
NZ, WUP

3, (SYSCR1)
6, (SYSCRO)
7, (WDMOD)

'_ } Disables Watchdog Timer.
; Sets Warm-up Time to 214/fc.
; Enables High Frequency (fc).

; Clears and Starts Warm-up Timer.

t } Detects End of Warm-up Timer.

I3

; Changes fgyg from fs to fc.
; Disables Low Frequency Oscillation.
; Enable Watchdog timer

/L

—/

\

-~

/

S AVATAVAVAVATAVAVAVAVAVAVA VAYAYAVAVATAVAVAVAVATAVATAYAVAVATAYAY;

\VAVAVAVAVAVAVAVAVAVAVAVAVAN

1
i
1
Counts up by fsys

-—---GH

\ / Countsupbyfc\\
1 1 H
| = ]/ i
| ! 7/ : !
i i fs u ! \ fe
1 ] ; i H
N/ N/ NSNS N/ \\\\\/l NE\VAVAVAVAVAVAVAVAV,
i i : Y g
¢ ilr i Chages fsys i
Enables Clears and Starts ! from fsto fc|
High Frequency Warm-up Timer ¥ \
End of Warm-up  Disables
Timer Low Frequency
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(2) Clock Gear Controller

When the high-frequency clock fc is selected at SYSCR1 <SYSCK > = “0”, the clock gear select register
SYSCR1<GEAR2 to 0> sets frpy to either fec, fe/2, fe/4, fe/8, fe/16. Switching frpy with the clock gear
reduces the power consumption.

Clock Setting Example 3 :
Changing gear value of the high-frequency clock

SYSCR1 EQU 006FH
LD (SYSCR1), XXXX0000B ; Changes fsys to fc/2
LD (SYSCR1), XXXX0100B ; Changes fsys to fc/32

X : Don't care
(High-frequency clock gear changing)

To change the frequency of the clock gear, write the value to SYSCR1<GEAR2 to 0> register. It is
necessary to continue the warm-up time until changing after writing the register value.

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

follows.
(Example)
SYSCR1 EQU 006FH
LD (SYSCR 1), XXXX0001B ; Changes fsys to fc/4.
LD (DUMMY), 00H ; Dummy instruction

Instruction to be executed by the clock gear after changing

X : Don't care
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3.3.2 Prescaler Clock Controller

The 9-bit prescaler provides a clock to 8-bit Timer 0, 1, 2, 3, 16-bit Timer 4, 5, and Serial Interface 0, 1.
The clock input to the 9-bit prescaler is selected either frpy, fc/16, or fs by SYSCRO < PRCK1, 0>

register.

<PRCK1,0>r d to “00” by resetti

n

3.3.3 Internal Clock Pin Output Function

CLK pin outputs fgyg divided by 2 internal clock.

Outputs are specified by the clock output control register CKOCR<CLKEN>. Writing “1” sets clock
output, and writing “0” sets high impedance. After reset, CKOCR<CLKEN> is depended on each
product types. It is necessary to set for each usage. Table 3.3 (3) shows the value and operation after

reset.
During reset, CLK pin is internally pulled up regardless of the value of <CLKEN > register. See

TMP93CS44/545 Reset Timing Chart in figure 3.1 (1), (2).

Table 3.3(3) <CLKEN> and CLK pin operation after reset

Type No. CKOCR<CLKEN > CLK pin operation
TMP93CS44 0 High impedance
TMP93CS45 1 fsys/2 clock output
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3.4

Interrupts

TLCS-900 interrupts are controlled by the CPU interrupt mask flip-flop <IFF2 to 0> and the built-in
interrupt controller.
Altogether the TMP93CS44 / S45 have the following 33 interrupt sources:

Internal interrupts - 26
® Software interrupts : 8
® TIllegal instruction execution : 1
® Interrupts from built-in I/Os : 17

External interrupts 7

® External pins (NMI, INTO, INT1, INT4, to INT?7)

A fixed individual interrupt vector number is assigned to each interrupt source; six levels of priority can
also be assigned to each maskable interrupt. Non-maskable interrupts have a fixed priority of 7.

When an interrupt is generated, the interrupt controller sends the value of the priority of the interupt
source to the CPU. When more than one interrupt is generated simultaneously, the interrupt controller
sends the value of the highest priority (7 for non-maskable interrupts is the highest) to the CPU.

The CPU compares the value of the priority sent with the value in the CPU interrupt mask register
(IFF2 to 0). If the value is greater than that the CPU interrupt mask register, the interrupt is accepted.
The value in the CPU interrupt mask register (IFF2 to 0) can be changed using the EI instruction
(Executing EI n changes the contents of <IFF2 to 0> to n). For example, programming EI 3 enables
acceptance of maskable interrupts with a priority of 3 or greater, and non-maskable interrupts which
are set in the interrupt controller. The DI instruction (<IFF2 to 0> = 7) operates in the same way as
the EI 7 instruction. Since the priority values for maskable interrupts are 0 to 6, the DI instruction is
used to disable acceptance of maskable interrupts. The EI instruction becomes effective immediately
after execution (With the TLCS-90, the EI instruction becomes effective after execution of the
subsequent instruction).

In addition to the general-purpose interrupt processing mode described above, there is also a Micro
DMA processing mode . Micro DMA is a mode used by the CPU to automatically transfer byte or word
data. It enables the CPU to process interrupts such as data saves to built-in I/Os at high speed.

Figure 3.4 (1) is a flowchart showing overall interrupt processing.
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(Interru pt Processing>

Read Interrupt vector V.
Clear interrupt request F/F.

Start vector
match ofVector V and YES
Micro DMA

NO —
Data transfer by
Micro DMA
PUSH PC
General-purpose PUSH SR l
interrupt processing | | SR < |FF2 to 0>« Accepted COUNT « COUNT -1 Micro DMA
interruput processing
level +1
INTNEST« INTNEST + 1
| YES
COUNT =0
— PC « (FFFFOOH +V
( +v) NO _

7

Interrupt processing
program

RETI Instruction
POP SR
POP PC

INTNEST« INTNEST -1

C End )

Figure 3.4 (1) Interrupt Processing Flowchart
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3.4.1 General-Purpose Interrupt Processing

1)

(2)

3

4)
6]

When accepting an interrupt, the CPU operates as follows:

The CPU reads the interrupt vector from the interrupt controller. When more than one interrupt with
the same level is generated simultaneously, the interrupt controller generates interrupt vectors in
accordance with the default priority (which is fixed as follows: the smaller the vector value, the higher
the priority), then clears the interrupt request.

The CPU pushes the program counter and the status register to the system stack area (area indicated
by the system mode stack pointer (XSP)).

The CPU sets a value in the CPU interrupt mask register <IFF2 to 0> that is higher by 1 than the
value of the accepted interrupt level. However, if the value is 7, 7 is set without an increment.

The CPU increments the INTNEST (Interrupt Nesting Counter).

The CPU jumps to address stored at FFFFOOH + interrupt vector, then starts the interrupt processing
routine.

The following diagram shows all the above processing state number.

. Bus Width ot
Bus Width of Interrupt Interrupt processing state number
Stack Area Vector Area
. 8 bit 35
8 bit 16 bit 31
. 8 bit 29

To return to the main routine after completion of the interrupt processing, the RETI instruction is
usually used. Executing this instruction restores the contents of the program counter and the status
registers and decrements INTNEST (Interrupt Nesting Counter).

Though acceptance of non-maskable interrupts cannot be disabled by program, acceptance of maskable
interrupts can. A priority can be set for each source of maskable interrupts. The CPU accepts an
interrupt request with a priority higher than the value in the CPU mask register <IFF2 to 0>. The
CPU mask register <IFF2 to 0> is set to a value higher by 1 than the priority of the accepted interrupt.
Thus, if an interrupt with a level higher than the interrupt being processed is generated, the CPU
accepts the interrupt with the higher level, causing interrupt processing to nest.

The interrupt request with a priority higher than the accepted now interrupt during the CPU is
processing above (1) to (5) is accepted before the 1’st instruction in the interrupt processing routine,
causing interrupt processing to nest. (This is the same case of over lapped each Non-Maskable interrupt
(level “77”).) The CPU does not accept an interrupt request of the same level as that of the interrupt
being processed.

Resetting initializes the CPU mask registers <IFF2 to 0> to 7; therefore, maskable interrupts are
disabled.

The following (1) to (5) show a flowchart of interrupt processing.
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(1) Maskable interrupt
(INTTOQ interrupt routine)

(main)
El 1
g IFFe=2
/@
IN'I*TOJ—L

(level 1)
@

|
l IFFe1 \wRElI

During execution of the main program, the CPU accepts
an interrupt request. The CPU increments the IFF so
that the interrupts of level 1 are not accepted during
processing the interrupt routine.

(3) Interrupt nesting

(INTTO interrupt routine) (INTT1 interrupt routine)

(main)
% IFF<—4/4%> IFF&5 //
@ @

S /
|N¥TOJ_|_ INT'Y'1 JL
(level 3) (level 4) x

®

© @
l IFF<—3N?YTI IFF64WTI

During processing the interrupts of level 3, the IFF is set to 4.
When an interrupt with a level higher than level 4 is
generated, the CPU accepts the interrupt with the higher
level, causing interrupt processing to nest.

(5) Interrupt sampling timing

(main) (INTTO interru pt routine)
El 3

g INTT1 ﬁ XXX
level 4
INTTO J_|_® (level 4
(level 3)

l\L\“\‘r

If an interrupt with a level higher than the interrupt being
processed is generated, the CPU accepts the interrupt with
the higher level. The program counter which returns at
® is the start address of INTTO interrupt routine.

®

(2) Non-maskable interrupt
(NMl interrupt routine)

(mam)
IFFe7 /

NMI )
(level 7) ®

No

l IFF&=7 \\_ RETI

Dl instruction is executed in the main program, so that
the interrupts of only level 7 are accepted. The CPU
does not increment the IFF even if the CPU accepts an
interrupt request of level 7.

(4) Software interrupt
(SWI3 routine)

(m[glin) /
b 2
¥ e

SWI 3 A . <)
& @
l RETI

The CPU accepts the software interrupt request during
DI status(IFF = 7) because of the level 7. The IFF is not
changed by the software interrupts.

(example) (underline) Instruction
®,0, :  Execution flow
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The addresses FFFFOOH to FFFFFFH (256 bytes) of the TMP93CS44/S45 are assigned for interrupt

vector area.
Table3.4 (1) TMP93CS44 /545 Interrupt Table

Default Type Interrupt source Vecter value| Address refer HDMA

priority " to vector start vector
1 Reset or SWIO instruction O0OOOH| FFFOOH -
2 SWI 1 instruction 0004H | FFFO4H -
3 Illegal instruction, or SWI2 O0O0O8H| FFFO8H -
4 Non- | SWI 3 instruction 0O00CH | FFFOCH -
5 maskable | SWI 4 instruction O0O1M0H| FFF10H -
6 SWI 5 instruction 0014H| FFF14H -
7 SWI 6 instruction 0018H| FFF18H -
8 SWI 7 instruction 001CH| FFF1CH -
9 NMI : WTPininput O020H| FFF20H 08H
10 INTWD : Watch-dog timer 0024H| FFF24H 09H
11 INTO : INTO pin input 0028H | FFFF28H 0AH
12 INT1 : INT1 pininput 002CH | FFFF2CH OBH
13 INT4 : INT4 pininput 0030H | FFFF30H OCH
14 INTS : INT5 pininput 0034H | FFFF34H ODH
15 INT6 : INT6 pin input 0038H | FFFF38H OEH
16 INT7 : INT7 pininput 003CH | FFFF3CH OFH
17 INTTO : 8-bit timer0 0040H | FFFF40H 10H
18 INTT1 : 8-bit timer1 0044H | FFFF44H 11H
19 INTT2 : 8-bit timer2 0048H | FFFF48H 12H
20 INTT3 . 8-bittimer3 004CH | FFFF4CH 13H
21 INTTR4  : 16-bit timerd (TREG4) 0050H | FFFF50H 14H
22 Maskable [INTTR5  : 16-bit timer4 (TREG5) 0054H | FFFF54H 15H
23 INTTR6  : 16-bit timer5 (TREG6) 0058H | FFFF58H 16H
24 INTTR7  : 16-bit timer5 (TREG7) 005CH | FFFF5CH 17H
25 INTT04 : 16-bit timer4 (Over flow) 0060H | FFFF60H 18H
26 INTTO5 . 16-bit timer5 (Over flow) 0064H | FFFF64H 19H
27 INTRXO : Serial receive (Channel.0) 0068H | FFFF68H 1AH
28 INTTX0O : Serial send (Channel.0) 006CH | FFFF6CH 1BH
29 INTRX1 : Serial receive (Channel.1) 0070H | FFFF70H 1CH
30 INTTX1 : Serial send (Channel.1) 0074H | FFFF74H 1DH
31 INTAD : A/D conversion completion 0078H | FFFF78H 1EH
32 INTS2 : Serial bus send and receive 007CH | FFFF7CH 1FH
- (Reserved) 0080H | FFFF80OH 20H
to to to to to
- (Reserved) O0FCH | FFFFFCH 3FH
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Setting to Reset/Interrupt Vector

@ Reset Vector

FFFFOOH | PC(7to 0)
FFFFOTH | PC(15t0 8)
FFFFO2H | PC (23 t0 16)
FFFFO3H XX

The vector base addresses are depended on the products.

Type No. Vector base address PC setting sequence after reset Notes
P27 to 20/A23 to 16 pins input ports with pull-
TMP93C544 PC(7to0) « address FFFFOOH gp dge. to re;et- AT;§ Io%ig datais "FFH". P\:Vhen
ort 2 is used as to 16 pins to access the
TMP93CS45 FFFFOOH PC(15t08) <« address FFFFO1H program ROM, set PC (23 to 16) to “FFH” and
TMP93Ps44 PC(23t0 16) <« address FFFFO2H | the reset vector to “FFO000H to FFFFFFH". (for
mainly products without ROM)

@ Interrupt Vector (except Reset Vector)

Address refertovector +0

+1
+2
+3

PC (7 to 0)

PC (15 to 8)

PC(23to 16)

XX XX :don't care
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(Setting Example)

Sets the Reset Vector : FFO000H, NMI Vector : FFOABCH, INTAD Vector : 123456H.

ORG
DL

ORG
DL

ORG
DL

ORG
LD

ORG
LD

ORG
LD

FFFFOOH
FFO00OH

FFFF20H
FF9ABCH

FFFF78H
123456H

FFOOOOH
A,B

FFOABCH
B,C

123456H
CA

; Reset =FFO0O0OH

;N

g

I =FF9ABCH

; INTAD = 123456H

Note :
ORG, DL are Assembler Directives.
ORG : control location counter
[DL : defines long word (32-bits) data
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3.4.2 Micro DMA

(1

In addition to the conventional interrupt processing, the TLCS-900 also has a Micro DMA function.
When an interrupt is accepted, in addition to an interrupt vector, the CPU receives data indicating
whether processing is Micro DMA mode or general-purpose interrupt. If Micro DMA mode is requested,
the CPU performs Micro DMA processing.

The TLCS-900 can process at very high speed because it has transfer parameters in dedicated registers
in the CPU. Since those dedicated registers are assigned as CPU control registers, they can only be
accessed by the LDC instruction.

Micro DMA operation

Micro DMA operation starts when the accepted interrupt vector value matches the Micro DMA start
vector value. The Micro DMA has four channels so that it can be set for up to four types of interrupt
source.

When a Micro DMA interrupt is accepted, data is automatically transferred from the transfer source
address to the transfer destination address set in the control register, and the transfer counter is
decremented. If the value in the counter after decrementing is other than 0, Micro DMA processing is
completed; if the value in the counter after decrementing is 0, general-purpose interrupt processing is
performed.

32-bit control registers are used for setting transfer source / destination addresses. However, the TLCS-
900 has only 24 address pins for output. A 16M-byte space is available for the Micro DMA.

There are two data transfer modes: one-byte mode and one-word mode. Incrementing, decrementing,
and fixing the transfer source / destination address after transfer can be done in both modes. Therefore
data can easily be transferred between I/O and memory and between I/Os. For details of transfer modes,
see the description of transfer mode registers.

The transfer counter has 16 bits, so up to 65536 transfers (the maximum when the initial value of the
transfer counter is 0000H) can be performed for one interrupt source by Micro DMA processing.

When the transfer counter is decremented to “0” after data is transferred with micro DMA, general-
purpose interrupt processing is performed. After processing the general-purpose interrupt, starting the
interrupts of the same channel restarts the transfer counter from 65536. If necessary, reset the transfer
counter.

Interrupt sources processed by Micro DMA processing are those with the Micro DMA start vectors listed
in Table 3.4 (1).

The following timing chart is a Micro DMA cyele of the Transfer Address INC rement mode (Condition :
MAX mode, 16 bit Bus width for 16M Byte, 0 wait).
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(2) Register configuration (CPU control register)

Channel0
DMASO Transfer source address register 0 :| (Use only lower 24 bits.)
DMADO Transfer destination address register 0
DMACO Transfer counter register 0 (1to 65536)
DMAMO | Transfer mode register 0
Channel1
DMAS1 Transfer source address register 1
DMAD1 Transfer destination address register 1
DMAC1 Transfer counter register 1
DMAM1 | Transfer mode register 1
Channel2
DMAS2 Transfer source address register 2
DMAD2 Transfer destination address register 2
DMAC2 Transfer counter register 2
DMAM?2 | Transfer mode register 2
Channel3
DMAS3 Transfer source address register 3
DMAD3 Transfer destination address register 3
DMAC3 Transfer counter register 3
DMAM3 | Transfer mode register 3
<8 bit—>
16 bit
32 bit————————

These Control Register can not be set only “LDC cr, r” instruction.

Example :
LD XWA, 100H
LDC DMASQO, XWA
LD XWA, 50H
LDC DMADQ, XWA
LD WA, 40H
LDC DMACO, WA
LD A, O5H
LDC DMAMO, A
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3)

Transfer mode register details

(DMAMO to 3)

0
|

0 O
| |

0

Mode Note : When setting values for this
I register, set the upper 4 bits to 0.

v Z:0= byte transfer, 1 =word transfer

execution time
(Min) at 20 MHz

0 0 0 Z |Transferdestination addressINC mode ....... for 1/0 to memory 16 states
(DMADnN +) < (DMASN)
DMACn<«DMACn -1 (1.6 us)
if DMACNH =0 then INT.

0 0 1 Z |Transferdestination addressDEC mode ...... for 1/0 to memory 16 states
(DMADN =) « (DMASN)
DMACN<DMACn - 1 (1.6 us)
if DMACNH =0 then INT.

0 1 0 Z [Transfersource addressINCmode .............. for memory to 1/0 16 states
(DMADN) « (DMASN +)
DMACN<DMACH - 1 (1.6 us)
if DMACN =0 then INT.

0 1 1 Z |Transfersource addressDECmode ............. for memory to 110 16 states
(DMADN) « (DMASNh =)
DMACn«<DMACn -1 (1.6 us)
if DMACNH =0 then INT.

1 0 0 Z |Fixedaddressmode ..........................coL I/0 to I/0 16 states
(DMADN) « (DMASnN)
DMACn«DMACN -1 (1.6 us)
if DMACn =0 then INT.

1 0 1 1 (Countermode ... ... forinterrupt counter 11 states
DMASn<DMASNH + 1
DMACNn«<DMACNH -1 (1.1 us)
if DMACn =0 then INT.

(1 states = 100 ns at 20 MHz, High frequency mode)

Notel : n: corresponds to micro DMA channels 0 to 3.

Note2:

Note3 :

DMADn +/DMASn + : Post-increment (Increments register value after transfer.)
DMADn —/ DMASnIK — : Post-decrement (Decrement register value after transfer.)

Execution time : When setting source address/destination address area to 16-bit bus,

OWALIT.
Clock condition : fe=20 MHz, Clock gear : 1 (fc)

Do not use the codes other than the above mentioned codes for transfer mode register.
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3.4.3 Interrupt Controller

Figure 3.4 (2) is a block diagram of the interrupt circuits. The left half of the diagram shows the
interrupt controller; the right half includes the CPU interrupt request signal circuit and the HALT
release signal circuit.

Each interrupt channel (total of 24 channels) in the interrupt controller has an interrupt request flip-
flop, interrupt priority setting register, and a register for storing the Micro DMA start vector. The
interrupt request fip-flop is used to latch interrupt requests from peripheral devices. The flip-flop is
cleared to 0 at reset, when the CPU reads the interrupt channel vector after the acceptance of interrupt,
or when the CPU executes an instruction that clears the interrupt of that channel (writes 0 in the clear
bit of the interrupt priority setting register).

For example, to clear the INTO interrupt request, set the register afte as follows.

INTEOAD « ----0--- B

The status of the interrupt request flip-flop is detected by reading the clear bit. Detects whether there is
an interrupt request for an interrupt channel.

The interrupt priority can be set by writing the priority in the interrupt priority setting register (eg,
INTEOAD, INTE45, etc.) provided for each interrupt source. Interrupt levels to be set are from 1 to 6.
Writing 0 or 7 as the interrupt priority disables the corresponding interrupt request. The priority of the
non-maskable interrupt (NMI pin, watchdog timer, etc.) is fixed to 7. If interrupt requests with the
same interrupt level are generated simultaneously, interrupts are accepted in accordance with the
default priority (the smaller the vector value, the higher the priority).

The interrupt controller sends the interrupt request with the highest priority among the simultaneous
interrupts and its vector address to the CPU. The CPU compares the priority value <IFF2 to 0> set in
the Status Register by the interrupt request signal with the priority value sent; if the latter is higher,
the interrupt is accepted. Then the CPU sets a value higher than the priority value by 1 in the CPU
SR <IFF2 to 0>. Interrupt requests where the priority value equals or is higher than the set value are
accepted simultaneously during the previous interrupt routine. When interrupt processing is
completed (after execution of the RETI instruction) , the CPU restores the priority value saved in the
stack before the interrupt was generated to the CPU SR<IFF2 to 0>.

The interrupt controller also has four registers used to store the Micro DMA start vector. These are /O
registers; unlike other Micro DMA registers (DMAS, DMAD, DMAM, and DMAC). Writing the start
vector of the interrupt source for the Micro DMA processing (see Table 3.4.(1)), enables the
corresponding interrupt to be processed by Micro DMA processing. The values must be set in the Micro
DMA parameter registers (eg, DMAS and DMAD) prior to the Micro DMA processing.
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(1) Interrupt priority setting register
(Prohibit read-modify-write)
Symbol | Address 7 6 : 5 L4 3 ' 2 : 1 5 0
INTAD INTO «Interrupt source
IADC : IADM2 : IADMI1 : IADMO [ 10C I0M2_: 10M1 IOMO | «bit Symbol
INTEOAD | 0070H R/IW W R/W ' «Read / Write
0 0 : 0 : 0 0 0 { 0 ¢ 0 «After reset
INT5 INT4
15C 15M2 15M 1 15M0 14C 1412 14M1 14M0
INTE45 0071H
RW W R/W W
0 0O :+ 0 : 0 0 0O : 0 : 0
INT7 INT6
INTE67 0072H 17C 17M2 17M1 I17MO 16C 162 I6M1 160
R/W W R/W W
0 0 : 0 : 0 0 0 : 0 : 0
INTT1 (Timer1) INTTO (TimerQ)
ITIC @ ITIM2 : ITIM1 @ IT1IMO ITOC : ITOM2 : ITOM1 : ITOMO
INTET1 73H - -
0 0073 R/W W R/W W
0 0 : 0 i o0 0 0 : 0 i 0
INTT3 (Timer3) INTT2 (Timer2)
IT3C : IT3M2 : IT3M1 : IT3MO IT2C : IT2M2 : IT2M1 : IT2MO
INTET32 74H : : - : : .
3 00 RIW W RIW W
0 : 0 : 0 : 0 0 : 0 : 0 : 0
INTTR5 (TREG5) INTTR4 (TREG4)
IT5C : IT5M2 : IT5M1 : ITS5MO IT4C : ITAM2 : ITAM1 : ITAMO
INTET54 75H - -
> 0075 RW \ RIW \
0 i 0 i o0 i 0 0 i 0 i o0 i 0
INTTR7 (TREG7) INTTR6 (TREG6)
IT7C : IT7M2 : IT7M1  IT7MO IT6C : IT6M2 : IT6M1 : IT6MO
INTET7 76H ; : - ; : :
6 0076 R/W W RIW W
0 0O : 0 : 0 0 0 : 0 : ©
INTTOS INTTO4
INTEO54 | 0077H ITO5C ITO5M2 : ITO5M1 : ITO5MOQ | ITO4AC 1ITO4M2 : ITO4M1 : ITO4MO
R/W \\ R/W W
0 0O ¢ 0 { 0 0 0O : 0 { 0
INTTXO0 INTRXO
INTESO 0078H ITX0C g ITXOM2 : ITXOM1 : ITXOMO | IRXOC g IRXOM2 : IRXOM1 : IRXOMO
RIW " RIW W
0 0 : 0 : 0 0 0 : 0 : 0
_ INTTX1 _ _ INTRX1 _
ITX1C  ITX1M2 : ITXTM1 : ITXTMO | IRX1C : IRX1M2 : IRX1M1 : IRXTMO
INTES1 79H - - - - - -
S 0079 R/IW W RIW W
0 0 : 0 { 0 0 0 : 0 { 0
INT1 INTS2
11C 11M2 1M1 11MO IS2C  : IS2M2 : IS2M1 : I1S2MO
INTE1S2 7AH ; : : -
s 00 RIW W RIW '
o : 0 :: 0 : © 0 0 : 0 : 0
L 1L 11 11
r. l T I
|—> Ixx\M12 IxxM1 IxxM0 Function (Write)
0 0 0 Prohibits interrupt request.
0 0 1 Sets interrupt request level to “1”.
0 1 0 Sets interrupt request level to ”2".
0 1 1 Sets interrupt request level to “3".
1 0 0 Sets interrupt request level to “4".
1 0 1 Sets interrupt request |evel to “5”.
1 1 0 Sets interrupt request level to “6".
1 1 1 Prohibits interrupt request.
L IxxC Function (Read) Function (Write)
0 Indicates no interrupt request. Clears interrupt request flag.
1 Indicatesinterruptrequest. |  ----- Don'tcare-----

Note 1: Read-modify-write is prohibited.
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* Note about clearing interrupt request flag

The interrupt request flag of INTRX0, INTRX1 are not cleared by writing “00” to IXXC because of they
are level interrupts.
They can be cleared only by resetting or reading SCBUFn.

(2) Externalinterrupt control

Interrupt Input Mode Control Register

mc 7 ¢ 6 i 5 i o4 i3 i 2 F 1 i 0
(007BH) bit Symbol - : I0IE i IOLE i NMIREE
Read /Write w
Prohibit After reset 0 0 0
read- : ; : ; : : ; :
modify- Function : : (Note) : : :1:INTO  :0:INTOedge :1:Canbe
: : : Always : : i input ! mode 1 accepted

write Lo uan : : : P

fwrite “0%. : : enable :1:INTOlevel : inNMT

: : : : mode i rising edge.

L— > INTO input enable (Note1)
0 | INTO disable (P35 function only)

1 | Input enable

|—>NMI rising edge enable

0 [Interruptrequest generation at
Notel : The INTO pin can also be used for standby release as described later. Even if falling edge
the pin is not used for standby release, setting this register to “0” maintains the 1
port function during standby mode.

Note2 : Case of changing from level to edge for INTO pin mode (<IOLE> “1” — “0”)
Execution example :

LD (INTEOAD), xxxx0000B  ; INTO disable, clean the request flag
LD (IIMC) ,xxxxx10xB  ; Change from level to edge

LD (INTEOAD), xxxxOnnnB  ; Set interrupt level “n” for INTO, clear 1 _|High level interrupt
the request flag

Note3 : IIMC <bit 7 to 3> is always read as “1”.
Note4 : See Electrical characteristics in section 4 for external 4 for external interrupt input pulse.

Interrupt request generation at
rising/falling edge

L—> INTO level enable (Note2)

0 | Rising edge detect interrupt

Setting of External Interrupt Pin Functions

Interrupt Shared pin Mode Setting method
NMI “\_ Fallingedge |IIMCKNMIREE> =0
NMI |(Dedicated pin) T\ 4 gggigsg andrising | | \nMC<NMIREED = 1
£ Risingedge |IIMCCIOLE> =0, <IOIE> =1
INTO P35
T Level IIMCKIOLE> = 1, <I0IE> = 1
INT1 P40 _f Rising edge
INTA o1 _f{ Risingedge |T4MOD<CAP12M1,0> = 0,0 0r0,10r 1,1
“\_ Fallingedge |T4MOD<KCAP12M1,0>=1,0
INT5 P43 _f Rising edge
INTE P45 _/_ Rising edge T5MOD<CAP34M1,0> =0,00r0,10r 1,1
“\_ Fallingedge |T5MOD<CAP34M1,0>=1,0
INT7 P46 /" Rising edge _
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(3) Micro DMA start vector

When the CPU reads the interrupt vector after accepting an interrupt, it simultaneously compares the
interrupt vector with each channel’s Micro DMA start vector (bits 2 to 6 of the interrupt vector). When
the two match, the interrupt from the channel whose value matched is processed in Micro DMA mode.

If the interrupt vector matches more than one channel, the channel with the lower channel number has

a higher priority.
Micro DMAQO Start Vector

DMAOV 7 ¢ 6 i 5 i 4 i 3 i 2 i 1 i 0
(007CH) bit Symbol : DMAOV4 | DMAOV3 : DMAOV2 : DMAOV1 | DMAOVO
Prohibit -
read- Read / Write W
modify- After reset 0 0 0 0 0
write - : : - - -

Function Micro DMA channel 0 processed by matching bits 2 to 6 of the interrupt vector.

Micro DMA1 Start Vector

DMA1V 7 6 5 4 3 2 1 : 0
(007DH) bit Symbol : DMATV4 : DMATV3 | DMA1V2 i DMATV1 i DMA1VO
Prohibit - :
read- Read / Write W
modify- After reset 0 : 0 : 0 0 0
erte H N : H - :

Function Micro DMA channel 1 processed by matching bits 2 to 6 of the interrupt vector.

Micro DMAZ2 Start Vector

DMA2V 7 ¢ 6 i 5 i o4 i3 12 i 0
(007EH) bit Symbol { DMA2V4 | DMA2V3 : DMA2V2 : DMA2V1 | DMA2VO
Prohibit - :
read- Read / Write W
modify- After reset 0 5 0 5 0 : 0 0
write : : : : : :

Function Micro DMA channel 2 processed by matching bits 2 to 6 of the interrupt vector.

Micro DMA3 Start Vector

DMA3V 7 6 5 4 3 2 1 ; 0
(007FH) bit Symbol : DMA3V4 : DMA3V3 | DMA3V2 : DMA3V1 | DMA3VO
Prohibit - :
read- Read / Write W
modify- After reset 0 : 0 : 0 : 0 0
write : : : : : :

Function Micro DMA channel 3 processed by matching bits 2 to 6 of the interrupt vector.
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(4)

Notes

The instruction execution unit and the bus interface unit of this CPU operate independently of each
other. Therefore, if the instruction used to clear an interrupt request flag of an interrupt is fetched
before the interrupt is generated, it is possible that the CPU might execute the fetched instruction to
clear the interrupt request flag while reading the interrupt vector after accepting the interrupt. If so,
the CPU would read the default vector “FFFF28H” and start the interrupt processing from the address
“FFFF28H”.

To avoid the above occurring, clear the interrupt request flag by entering the instruction to clear the
flag after the DI instruction. In the case of setting an interrupt enable again by EI instruction after the
execution of clearing instruction, execute EI instruction after clearing instruction and following more
than one instruction are executed. When EI instruction is placed immediately after clearing
instruction, an interrupt becomes enable before interrupt request flags are cleared.

In the case of changing the value of the interrupt mask register <IFF2:0> by execution of POP SR
instruction, disable an interrupt by DI instruction before execution of POP SR instruction.
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35

Functions of Ports

The TMP93CS44 has 62 bits for /O ports. The TMP93CS45 has 44 bits for I/O ports because Port0,
Portl, P30, and P31 are dedicated pins for ADO to 7, ADS8 to 15 (or A8 to 15), RD, and WR.

These port pins have I/O functions for the built-in CPU and internal I/Os as well as general-purpose /O
port functions. Table 3.5 (1) lists the function of each port pin. Table 3.5 (2) lists I/O registers and

specification.
PU = With programmable
Table 3.5 (1) Functions of Ports pull-up resistor
Port Name | Pin Name | Pin No. | Direction | R Dir.ection_ Pin name fqr built-in
setting unit function
Port0 P00 to P07 8 1/0 - Bit ADO to AD7
Port1 P10to P17 8 /0 - Bit AD8to AD15/A8to A15
Port2 P20 to P27 8 /0 PU Bit AOto A7/A16to A23
Port3 P30 1 Output | - (fixed) RD
P31 1 Output | - (fixed) WR
P32 1 /0 PU Bit HWR/SCK
P33 1 1/0 - Bit SO /SDA
P34 1 110 - Bit SI/SCL
P35 1 /0 - Bit INTO
Port4 P40 1 /0 - Bit TIO/INT1
P41 1 110 - Bit TO3
P42 1 110 - Bit TI4/INT4
P43 1 /0 - Bit TIS /INTS
P44 1 /0 - Bit TO4
P45 1 110 - Bit TI6 /INT6
P46 1 1/0 - Bit TI7 /INT7
P47 1 1/0 - Bit TO6
Port5 P50 to P52 3 Input - (fixed) ANO to AN2,
P53 1 Input - (fixed) AN3/ADTRG
P54 to P57 4 Input - (fixed) AN4 to AN7
Port6 P60 1 1/0 PU Bit TXDO
P61 1 /0 PU Bit RXDO
P62 1 1/0 PU Bit SCLKO /CTSO
P63 1 110 PU Bit TXD1
P64 1 110 PU Bit RXD1
P65 1 1/0 PU Bit SCLK1/CTS1
P66 1 /0 - Bit XT1
P67 1 1/0 - Bit XT2
Port7 P70 1 110 - Bit WAIT / (High current output)
P71 to P77 7 I/0 - Bit (High current output)
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Table 3.5(2) I/0 registers and specification (1/2) ,
X :don't care

Port Name Specification I/O register

-
=]

PnCR PnFC

Port0 P00 to P07 |Input port (note 1)
Qutput port (note 1)

ADO to AD7) bus

Port 1 P10to P17 |Input port{note m1)
Qutput port (Note1)

AD8 to AD15 bus (note 2)

AD8 to AD15 output (note 2)

Port 2 P20 to P27 |Input port (without pull-up)
Input port (with pull-up)

Output port

A0 to A7 output (Note1)

A16 to A23 output

Port 3 P30 Qutput port (Note1)
Outputs RD only when accessing external space
always outputs RD

P31 Qutput port (Note1)

Outputs WR only when accessing external space
P32 Input port SCK Input(without pull-up)
Input port SCK Input(with pull-up)
Output port

HWR Output (<P32M> =0)

SCK Output (<P32M> = 1)

P33 Input port

Output port

SDA 1/0, SO Input

P34 Input port

Sl Input

Output port

SCLI/O

P35 Input port/INTO Input (note 3)
Output port

Port4 P40 Input port/TIO/INT

Output port

P41 Input port

Output port

TO3 Output

P42 Input port/T14/INT4 Input
Output port

P43 Input port/T15/INT5 Input
Qutput port

None

O[O0 |02 [O|IX [—]|O

None

None

= |O|X |O|=|O|O|=|=|Olo|0|=|O|=|=|Oo|=|—|o|lo|o|=|—=|Oo|O

None

None

None

XX [X[X[X[X[X[X[X[|X[X[X[|X[X[X]|X[X|X|X[X]|X]|=[O]X|X|O|=[X]|=|=[X]|=|O[X|X|X|X|X|X|[X

=R O|=(O|=]=O|=|O|=|O|=|=|O|O|==|O|===|O|O

Note 1: In the TMP93CS45, these functions are not available.
Note 2 : In the TMP93CS45, these functions are fixed depending on the value of the AM8/16 pin.
Note 3 : Using P35 pin as INTO, IIMC register has to be set enable interrupt.
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Port

Name

Specification

I/O register

-
]

PnCR PnFC

Port4

P44

Input port

o

0

Qutput port

0

TO4 Output

1

P45

Input port/T16/INT6 Input

Output port

None

P46

Input port/T17/INT7 Input

Output port

P47

Input port

Output port

TO6 Output

== O|=|O|=|O|—=|—

el (=] (=]

Port5

P50 to P57

Input port

ANO to AN7 Input (note 4)

None

Port 6

P60

Input port (without Pull-up)

Input port (with Pull-up)

Output port

TxD0 Output

(=1 (=]l=}

P61

Input port/RxDO0 Input (without Pull-up)

Input port/RxDO0 Input (with Pull-up)

None

Output port

P62

Input port/SCLKOQ / CTSO Input (without Pull-up)

Input port/SCLKO /CTSO Input (with Pull-up)

Output port

SCLKO Output

P63

Input port (without Pull-up)

Input port (with Pull-up)

Output port

TxD1 Output (note 3)

(=l (=][=] b [e] [«] )

P64

Input port/RxD1 input (without Pull-up)

Input port/RxD1 input (with Pull-up)

None

Output port

P65

Input port/SCLK1/CTS1 Input (without Pull-up)

Input port/SCLK1/CTS1 Input (with Pull-up)

Output port

SCLK1 Output

el (=l (=[]

P66, p67

Input port

Output port (note 5)

None

XT1/2 (note 6)

Port7

P70

Input port/ WAIT Input

Qutput port

None

P71 to P77

Input port

Output port

XXX |X[X|X|X|X[X|[=[O[X|=]|O|X |X[=|O|X |X|=|O|X|=|O|=]|O|X |X|X|X[X[X|X|X|X|X|X]|X|[X|X

=O|=O|0|=|0O|=|=|0|0|=|O|O|=—(O|0|=—|O|O|—=|O|O|—=|—|O|O

Note 4 :

Note 5:
Note 6 :

Using P50 to P57 pins as input channels for the A/D converter, the channels are selected by
ADMOD1<ADCH2to 0>.
Using P66 and P67 pins as the output ports, output is through the open-drain buffer.

Using P66 and P67 pins as the XT1 to XT2, oscillation is enabled by the SYSCRO register.
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Resetting makes the port pins listed below function as general-purpose I/0O ports.
I/O pins programmable for input or output are set to input ports except P66/XT1, P67/XT2.
To set port pins for built-in functions, a program is required.
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3.5.1 Port0(P00 to P07)

Port 0 is an 8-bit general-purpose I/O port. I/O can be set on a bit basis using the control register POCR.
Resetting sets all bits of POCR to 0 and sets Port 0 to input mode. Figure 3.5 (3) shows the registers for
Port 0.

In addition to functioning as a general-purpose I/O port, Port 0 also shares functions as an address data
bus (ADO to 7). To access external memory, Port 0 functions as an address data bus (ADO to 7) and all
bits of the control register POCR are set to 0

Reset
Direction control
v (on bit basis)
>
Kej
POCR write

@
-+
© Output
<

latch - = Eg(;ttg PO7
— f
- Output buffer (ADO to AD7)
c PO write
v 1
o+
c \
_ \/IJ—GO_

N PO read

Figure 3.5(1) Port0

93CS44-54



TOSHIBA TMP93CS44/TMP93CS45

3.5.2 Port1(P10to P17)

Port 1is an 8-bit general-purpose I/O port. I/O can be set on a bit basis using control register PICR and
function register P1IFC. Resetting sets all bits of output latch P1, control register P1CR, and function
register P1FC to 0 and sets Port 1 to input mode.

Figure 8.5 (3) shows the registers for Port 1.

In addition to functioning as a general-purpose I/O port, Port 1 also shares functions as an address data
bus (ADS8 to 15) or an address bus (A8 to 15)

Reset

Direction control
(on bit basis)

A
P1CR write
|
Function control
(on bit basis)

A
P1FC write

1

Output
Port 1
latch L P10to P17
Output buffer (AD8to AD15/A8to A15)

bus

data

P1 write

Internal

o
Lot |

P1 read

Figure 3.5(2) Port1
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Port O Register

" 7 1 6 1 5 . 4 . 3 1 2 . 1 . o
(0000H) bit Symbol PO7 | PO6 i PO5 i P04 i PO3 i PO2 : POl : POO
Read / Write R/W
After reset Input mode (Output latch register becomes undefined.)

Port 0 Control Register

POCR 7 ¢ 6 i 5 i o4 i3 8 2 i1 10
(0002H) bit Symbol PO7C : PO6C i POSC : POAC : PO3C : PO2C : POIC : POOC
Prohibit -
read- Read / Write wW
modify- After reset o ¢ o { o f{ o ‘{ o f{ o i 0o i o0
write : - - : - : :
Function 0:IN 1:0UT (At external access, Port 0 becomes AD7 to 0 and POCR issetto 0.)
L
L Port 0 I/O setting
0 |Input
. 1 | Output
Port 1 Register P
P1 7 ¢ 6 i 5 i 4 i 3 i 2 i 1 i 0
(0001H) bit Symbol PI7 { P16 i PI5 i P14 i P13 i P12 i P11 P10
Read /Write R/W
After reset Input mode (Output latch register is set to “0”.)

Port 1 Control Register

P1CR 7 ¢ 6 i 5 & 4 i 3 i 2 i 1 i 0

(0004H) bit Symbol PI7C : P16C i PI5C i P14C : P13C i P12C : P11C [ P10C

Prohibit -

read- Read / Write wW

modify- After reset o i o f{ o i o i o i o i 0o i o0

write : : : : : - -
Function < <SeeP1FCbelow.>>

Port 1 Function Register

P1FC 7 i o6 i 5 i o4 i3 f 2 i1 i 0

(0005H) bit Symbol PI7ZF i P16F i PISF . PI14F  P13F i P12F [ PI1F  PIOF

Prohibit -

read- Read / Write '

modify- After reset o : o i 0o i 0o i 0 i 0 i 0 i 0

write : : s : - : -
Function P1FC/P1ICR=00: IN,01: OUT, 10: AD15t0 8, 11: A15t0 8

L > Port 1 function setting

P1FC<P1XF>
0 1
P1CR<PIXC>
Address data bus
0 Input port (AD15 t0 8)
Address bus
1 Output port (A15 0 8)

Note: <P1XF> isbit X inregister PIFC; <P1XC>, in register P1CR.

Figure 3.5 (3) Registers for Ports 0 and 1
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3.5.3 Port2 (P20 to P27)

Port 2 is an 8-bit general-purpose I/O port. I/O can be set on bit basis using the control register P2CR
and function register P2FC. All bits of th latch "1”Db d all bits of P2CR and
P2FC are cleared to ”0”.

In addition to functioning as a general-purpose
data bus (A0 to 7) and an address bus (A16 to 23).

A16t023 — B

AOto7 — &

Selector
<

oY Reset

—

Direction control
(on bit basis)

(%)

P2CR write
Function control
(on bit basis)

f >0 IJP ch(Pro rammable)

P2FC write L

‘ Y
Y [ ] Port2

Output
|

latch
P20 to P27
} %l:,t#:: (AO to A7 /A16 to A23)

P2 write

bus

data

> Ywm

Selectorf2

Internal

o=l
l@wi&

~_ P2 read

Figure 3.5(4) Port2

93CS44-57



TOSHIBA TMP93CS44/TMP93CS45

Port 2 Register

P2 7 i 6 i 5 i o4 i3 b2 i P0
(0006H) bit Symbol P27 i P26 i P25 : P24 i P23 i P22 i P21 : P20
Read / Write R/W
After reset Input mode (Output latch register isset to “1".)
Note1:  When port 2is used in the input mode, P2 register controls the built-in pull-up resistor. Read-

modify-write is prohibited in the input mode or the I/0 mode.
Setting the built-in pull-up resistor may be depended on the states of the input pin.

Port 2 Control Register

P2CR A T R T T O T N T

(0008H) bit Symbol P27C i P26C [ P25C : P24C i P23C i P22C : P21C : P20C

Prohibit .

read- Read / Write . . . W - . .

modify- After reset 0 : 0 : 0 : 0 ; 0 : 0 g 0 § 0

write : : * * * * *
Function < <See P2FCbelow.>>

Port 2 Function Register

P2FC 7 ¢ 6 i 5 i 4 i 3 i 2 i 1 i 0

(0009H) bit Symbol P27F i P26F : P25F : P24F : P23F : P22F : P2IF : P20OF

Prohibit -

read- Read / Write . . . W _ . .

modify- After reset 0 S0 10 S0 S0 10 P00 P00

write : - - - : ' '
Function P2FC/P2CR=00: IN,01: OUT, 10: A7t00, 11 : A23t0 16

L > Port 2 function setting

P2FC<P2XF>
0 1
P2CR<P2XC>
Address bus
0 Input port (A7 10 0)
Address bus
1 Output port (A23 to 16)

Note 2 : <P2XF> is bit X in register P2FC; <P2XC>; in register P2CR.
To set as an address bus A23 to 16, set P2FC after setting P2CR.

Figure 3.5 (5) Registers for Port 2
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3.5.4 Port3 (P30 to P35)

Port 3 is an 6-bit general-purpose I/O port.

I/O can be set on a bit basis, but note that P30 and P31 are used for output only. I/O is set using control
register P3CR and function register P3FC. Resetting sets all bits of output latch P3 to 1. All bits of
control register P3CR (bits 0 and 1 are unused), and function register P3FC are set to 0. Resetting also
outputs 1 from P30 and P31.

In addition to functioning as a general-purpose I/O port, Port 3 also shares functions as an I/O for the
CPU’s control / status signal and serial bus interface.

With the TMP93CS44, when P30 pin is defined as RD signal output mode (<P30F> = 1), setting the
output latch register <P30> to 0 outputs the RD strobe (used for the pseudo static RAM) from the P30
pin even when the internal address area is accessed.

If the output latch register <P30> remains 1, the RD strobe signal is output only when the external
address area is accessed.

When P33 and P34 are used as the serial bus interface /O pins in I2C bus mode (P3FC <P34F,
P33F > = “11”), set open drain outputs (ODE <ODE34, 33> =“11").
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(1

(2)

P30 (RD), P31 (WR)

™\

Reset For TMP93CS45
Function
» control
> (on bit basis)
0
@ .
4{; P3FC write
© ¥ S
— S Al = o
c Olutp#t 2 > P30(RD)
bt ate B % Output buffer P31(WR)
c wv
— P3 write ’_)
RD, WR
N
P3 read
P32 (HWR/SCK)
M\
Reset
Direction
control
(on bit basis)
A
P3CR write
Function
control
(on bit basis)
A
» ) P3FC<P32F> write
2
© Function
e control
o (on bit basis)
A ~ Programmable
- P3FC<P32M> write > B P-ch( 0P )
c ‘
P S Al 5 N
e Output + P32 (HWR/SCK
< lateh S Bl & R tl/t bu L IPs2( )
< utput buffer
Al 5 @
P3 write 2 ] 8
B| &
[}
|" N
HWR SCK
5
\/Ir_cp—
P3 read
-~ SCK <

Figure 3.5(6) Port3 (P30, P31, P32)
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(3) P33 (SDA/SO), P34 (SCL/SI)
Reset
~o ﬁ

Direction control
(on bit basis)

P3CR write

|

Function control
(on bit basis)

P3FC write

I

S
Output latch
P [ LslaA s

P3 write Selector > [ ] P33 (sDA/SO)
P34 (SCL/SI)

data bus

Internal

SDA/SOout ———— > B Opendrain
SCL out Possible

' ODE<ODE34,33>

S B

<} Selector
W

~ P3 read A

SDAIn <1
scuslin ~

Figure 3.5(7) Port3 (P33, P34)
(4) P35(INTO)

Port 35 is a general-purpose I/O port, and also used as an INTO pin for external interrupt request input.

Reset
/\/ ﬁ
Direction control
" (on bit basis)
=}
< P3CR write
s ¥
-
hd s
o
Output latch | > [ ] p35(NTO)
©
S P3 write s B
42 ﬂ Selector W
- P3 read A
N . Level / edge
INTO interrupt ‘ detect

IIMC<IOIE> IIMC<IOLE>

Figure 3.5(8) Port35
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Port 3 Register
P3 7 6 5 : 4 : 3 2 1 0
(0007H) bit Symbol P35 P34 P33 P32 P31 P30
Read / Write RW
After reset i Input mode
Input mode (pulled-up) Output mode
; P P P P P P
Note1:  When port 32 is used in the input mode, P3 register controls the built-in pull-up resistor. Read-
modify-write is prohibited in the input mode or the I/0 mode.
Setting the built-in pull-up resistor may be depended on the states of the input pin.
Port 3 Control Register
P3CR 7 6 : 5 ¢ 4 i 3 2 i P00
(000AH) bit Symbol © P35C P34C P33C P32C
Prohibit . : :
read- Read / Write . W -
modify- After reset : 0 : 0 : 0 : 0 :
write : : : T
Function : 0:IN 1:0UT :
| |
L 1/0 setting
0 |Input
1 | Output
P3EC Port 3 Function Register
(0008H) 7 6 5 1 4 i3 2 . 1 o0
Z:Qib't bit Symbol P32M P34F P33F P32F P31F P30F
modify- Read / Write w w
write - - -
After reset : 0 0 0 0 : 0 : 0
Function :0: HWR {0:PORT :0:PORT :0:PORT :0:PORT :0:PORT
£1:5CK {1:SCUSI i1:SDA/SO:1:P32M :1:WR  (1:RD
! I | ‘
L P34 function setting L > P30 (RD) function setting
<P34C> <P30>
0 1 0 1
0 Input port | Output port 0 “0"” output “1" output
1 Input SI /O SCL 1 Always RD output RD output only for
(for pseudo SRAM) external access
P33 function setting P31 (WR) functi i
—
<P33C> (WR) function setting
0 1 <P31>
<P33F> 0 1
0 Input port | Output port <P31F>
; Don't set /O SDA 0 _ 0" output 1" output
/Output SO 1 WR output only for external access
L——— P32 function setting
<P32M >
Note2:  When P33 and P34 are used as the serial bus 0 1
interface I/0 pins in 12C bus mode (P3FC<P34F, <P32F>
P33F> ="11"), set open drain outputs 0 Port
DE<ODE34 >="11"). —
© ODE34, 33 ) 1 Output “HWR" input/ Output “SCK"

Figure 3.5 (8) Registers for Port 3
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3.5.5 Port 4 (P40 to P47)

Port 4 is a 8-bit general-purpose I/O port. I/O can be set on bit basis. Resetting sets Port 4 to the input
port. In addition to functioning as a general-purpose I/O port, Port 4 also shares functions as an input
for 8-bit timer 0 clock, 16-bit timer 4 and 5 clocks, an output for 8-bit timer F/F 3, 16-bit timer F/F4 and
6 output. Writing 1 in the corresponding bit of the Port 4 function register (P4FC) enables output of the
timer.

(1) P40,PM1

Reset

Direction control
(on bit basis)

A

P4CR write

s [ ] P40

Output latch (TI0/INT?)
A

P4 write S B
1

N
P4 read

\

Selector

A

bus

TIO, INT1

Reset

data

Direction control
(on bit basis)

A
PACR write

Function control
(on bit basis)

A

PAFC write

S
Output latch ‘
A A S

P4 write N

Selector D P41
- (TO3)

Internal

Timer F/F OUT B
(TO3: Timer 3)

B

W Selector
P4 read
I~ S A

| S

Figure 3.5(9) Port 4 (P40, P41)
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(2) P42+to P47

Reset

~ R

Direction control
(on bit basis)

A
PACR write

S
Output latch

[]Pa2(T14/INT4)
P43 (TI5/ INT5)

o wﬁite S B P45 (TI6/INT6)
e selector P46 (TI7/INT7)

N
P4 read

:7

bus

A

Tl4, INT4
TI5, INTS Reset

TI6, INT6
TI7, INT7 t
Direction control

(on bit basis)

A
PACR write

¥

Function control
(on bit basis)

A

P4FC write

S
Output latch
A A S

P4 write

data

Internal

Selector

[ ] Pa4a(T04)
P47 (TO6)

:7

Timer F/F OUT B

/TO4:Timer4)

KTOG : Timer5

B

e
N Selector

P4 read

S A

N !

Figure 3.5(10) Port 4 (P42 to P47)
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Port 4 Register

P4 7 ¢ 6 i 5 i 4 i3 P2 i P00
(000CH) bit Symbol P47 P46 P45 P44 P43 462 P41 P40
Read / Write RW
After reset Input mode
1 P P o P P P P

Port 4 Control Register

P4CR 7 ¢ 6 i 5 i 4 i 3 i 2 i 1 i 0

(000EH) bit Symbol PA7C i PA6C [ P45C  P44C i P43C i P42C  P4IC : P4OC

Prohibit .

read- Read / Write "

modify- After reset o ¢ o { o { o { 0o { o i 0o i o0

write : : : : : : :
Function 0:IN 1:0UT

L > Port4l/O setting

0 [Input
1 | Output
Port 4 Function Register
P4FC 7 ¢ 6 i 5 i 4 i 3 i 2 i 1 i 0
(0010H) bit Symbol PATF ©PA4F . PAIF
Prohibit Read/Write | W | Pow Cow
read- : : : : : :
modify- After reset 0 : : P00 : : P00
write : : : : : : ;
Function 0:PORT : : :0:PORT : : :0:PORT :
1:7T06 g i1:704 g 11:703 i
|
|r»Setting P41asTO3
P4FC <P41F> 1
P4CR <P41C> 1
Setting P44 as TO4
PAFC <P44F> 1
P4CR <P44C> 1

Setting P47 as TO6

PAFC <P47F> 1

P4CR <P47C> 1

Note) P40/T10, P42/T14, P43/T15, P45/T16, P46/TI7 pin does not have a register changing
PORT/FUNCTION.
For example, when it is used as an input port, the input signal for port is inputted to
8/16 bit Timer as a timer input.

Figure 3.5(11) Register for Port 4
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3.5.6 Port5 (P50 to P57)

Port 5 is an 8-bit input port, also used as an analog input pin for the internal A/D Converter.
Additionally, P53 is also used as an analog conversion external trigger input pin (ADTRG).

P5
(000DH)

b 1 Port5
3
2 T L pso 10 ps2
it Port 5 read (ANOto AN2) ___
pat P53 (AN3/ADTRG)
o P54 to P57
— (AN4 to AN7)
@
c
2 Conversion
-
c A/D Channel
— result —
. converter selector
register
L AD read
(T 1
| ADTRG < :
i N only for P53 function |
S d
Figure 3.5(12) Port5
Port 5 Register
7 ¢ 6 i 5 i a4 i 3 102 1 0
bit Symbol PS7 : P56 : P55 i PS54 : P53 : P52 P51 P50
Read / Write R
After reset Input mode

Note) The input channel selection of A/D Converter is set by A/D Converter mode register ADMODI1.

Figure 3.5(13) Registers for Port 5
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3.5.7 Port6 (P60 to P67)

Port 60 to 65 is a 6-bit general-purpose I/O port. I/Os can be set on a bit basis.

Resetting sets P60 to 65 to an input port and connects a pull-up resistor.

It also sets all bits of the output latch register to 1.

In addition to functioning as a general-purpose I/O port, P60 to 65 can also share function as an I/O for
serial channels 0 and 1. Writing “1” in the corresponding bit of the Port 6 function register (P6FC)
enables this function.

Resetting sets the function register value to ‘0’ and sets all bits to input ports.

Port 66, 67 is a 2-bit general-purpose I/O port. I/Os can be set on a bit basis.

The output buffer for P66, 67 is an open drain type buffer.

Resetting outputs high-impedance (Hi-Z) because output latch and control register are set to “1”.

In addition to functioning as a general-purpose I/O port, P66, 67 can also function as a low-frequency
oscillator connecting pin (XT1, XT2) for dual clock mode. The dual clock function can be set by
programming system clock control registers SYSCRO, 1.

(1) Port60 (TXDO0), 63 (TXD1)
Ports 60 and 63 also function as serial channel TXD output pins in addition to I/O ports.

They have a programmable open drain function.

Reset

Direction control
(on bit basis)

A
P6CR write

Function control
(on bit basis)

A
P6FC write —|gP-ch

S Programmable
Output latch 'L—>a s pull-up

A ™ P60 (TXDO)
Selector
P6 write L D P63 (TXD1)

TxDO, TxD1 B Open glrain
possible

ODE<ODE®63, 60>

bus

data

Internal

—

S B

- \[/J Selector

P6read A

Figure 3.5 (14) Ports 60 and 63
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(2) Port61(RXDO0), 64 (RXD1)

Port 61 and 64 are I/O ports, and also used as RXD input pins for serial channels.

™ Reset

Direction
control (on

bit basi
i :SIS) [>o Igp_ch ﬂrogrammable)
P6CR write @UII'UP

1

S N
Output latch L D Eg; gg%g?;

]
P6 write 5 B<

e
<N Selector

data bus

Internal

P6 read A

RxDO, RxD1

Figure 3.5 (15) Ports 61 and 64
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(3)

Port 62 (CTSO / SCLKO), 65 (CTS1/SCLK1)

Port 62, 65 is an I/O port, and also used as a CTS input pin and as a SCLK I/O pin for serial channels.

data bus

Internal

R%set

Direction
control
(on bit basis)

A
P6CR write

I — ¥

Function
control
{on bit basis)

A

P6FC write

SCLKO OUT
SCLK1 OUT

S
Output latch

A

P6 write

d

IgP-ch

Programmable
ull-up

CTS0, CTS1
SCLKO, SCLK1

\[\l

P6 read

[ ] P62 (SCLKO /CTS0)
P65 (SCLK1/CTS1)

—

Figure 3.5(16) Port62, 65
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(4) Port66(XT1), 67 (XT2)

Port 66, 67 is general purpose I/O ports. It is also used as a low-frequency oscillator connecting pin.

Reset ——
~ 1

BUS6 Diregtion low frequency oscillation enable

Control
(on bit basis)

P6CR write
S
Output > [ ] Pe6 (xT1)
latch Output Buffer
(Open
P6 write DrainOutput)

]
S

B
BUS6 A \;elector
A

P6 read

| rorend v,

S

BUS7 Direction
Control

(on bit basis)

BUS6

data bus

Internal

P6CR write

R

s
Output | > ' [ ]P67(xT2)

latch Output Buffer

(Open

P6 write DrainOutput)
y low-frequency clock (fs)

S
B
BUS7 A \?elector
/\/ A
P6 read

BUS7

Figure 3.5(17) Port66to 67
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Port 6 Register
P6 7 ¢ 6 i 5 i 4 i3 P20 i 0
(0012H) bit Symbol P67 P66 : P65 P64 P63 P62 i PG P60
Read / Write R/W
After reset Output mode Input mode
1 oo oo P oo oo P oo
Note1:  When port P6 is used in the input mode, P6 register controls the built-in pull-up resistor. Read-
modify-write is prohibited in the input mode or the I/O mode. Setting the built-in pull-up resistor
may be depended on the states of the input pin.
Port 6 Control Register
P6CR 7 ¢ 6 i 5 i 4 i3 12 i 0
(0014H) bit Symbol P67C P66C P65C P64C P63C P62C P61C P60C
Prohibit .
read- Read / Write . - . W - .
modify- After reset 1 : 1 P00 S0 0o : 0 0 0
write - : - - -
Function 0:IN 1:0UT
[
L > Port6 /0 setting
Note) Port66, 67's output buffer is an open drain output type. 0 |input
1 | Output
Port 6 Function Register
P6FC 7 ¢ 6 i 5 i 4 3 1 2 i1 0
(0016H) bit Symbol : © P6SF P63F P62F P60F
Prohibit X : :
read- Read /Write : : w w w
modify- After reset g ) P00 i 0 0
write : : : : :
Function :0:PORT 0:PORT :0:PORT :0: PORT
i 1:SCLK1 i1:TxD1  :1:SCLKO :1:TxDO
I |
|—> P60 TxDO output setting (Note)
P6FC <P6OF> 1
Note2: To set the TxD pin to open drain, write “1” in P6CR <P60C> 1
bit 0 (for TxDO pin) or bit 1 (for TxD1 pin) of > P62 SCLKO output setting
the ODE register.
P61 / RXDO, P64 / RXD1 pins do not have a P6FC <P62F> 1
register changing PORT/ FUNCTION.
When using as input ports, the serial receive P6CR <P62C> !
dataisinput toSIO. o > P63 TxD1 output setting (Note)
Note 3: Notes on using low-frequency oscillation

circuit. To connect a low frequency resonator
to port 66, 67, it is necessary to set the
following procedures to reduce the

P6FC <P63F>

1

P6CR <P63C>

1

consumption power supply.

(connecting to a resonator)
Set P6CR<P66C, P67C> ="11", P6<P66, P67> = “00”

(connecting to an oscillator)
Set P6CR<P66C, P67C>="11", P6<P66, P67> = "10"

P65 SCLK1 output setting

P6FC <P65F>

P6CR <P65C>

Figure 3.5 (18) Register for Port 6
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3.5.8 Port7 (P70 to P77)

(1

(2)

Port 7 is an 8-bit general-purpose I/O port. I/O can be set on a bit basis. Port 7 can output large current
and drive LED directly. In addition to I/O port, Port 70 also shares functions as WAIT input pin.
Resetting sets the function register P7CR to 0, and all bits to input ports. Port 7 as an input port. It also
sets all bits of the output latch register P7 to 1.

P70 (WAIT)

Port 70 is a general-purpose I/O port, and also used as an WAIT pin for external wait input.

(N

Reset

[

bus

data

Direction
control (on
bit basis)

A
P7CR write

I
S

Output latch

A

P7 write

yd

Internal

(

P71 to P77

bus

<N

P7 read

S

B

Selector

A
A

\

] P70 (WAIT)

Reset

1

data

Direction
control
(on bit basis)

A

P7CR write

v

S
Output latch

[] P71to P77

A
P7 write
b

Internal

{

~
P7 read

S

B

Selector

A
A\

\

Figure 3.5(19) Port7
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Port 7 Register

p7 7 46 5 i 4 i3 f 2 1 1 i 0
(0013H) bit Symbol P77 ¢ P76 i P75 i P74 P73 i P72 i P71 [ P70
Read / Write RIW

After reset Input mode
1 1 1 1 1 1 1 1

Port 7 Control Register

P7CR 7 ¢ 6 i 5 i 4 i 3 i 2 i1 L0

(0015H) bitsymbol | P77C | P76C i P75C i P74C i P73C i P72C i P71C i P70C
Read / Write w

Prohibit After reset o ¢ o ¢ o i 0o i 0o i 0o i 0 i 0

rea.d-modlfy- Function 0:IN 1:0UT

write.

L port71/0 setting

0 [Input

1 | Output

Note : P70/WAIT pin does not have a register changing PORT/FUNCTION.
For example, when it is used as and input port, the input signal is
inputted as WAIT input.

When it is used as WAIT input pin, bit <BmWn> of Bus Width WAIT
control register must be specified.

Figure 3.5 (20) Registers for Port7
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3.6

3.6.1

(1

Bus Width / Wait Controller, AM8/ 16 pin

TMP93CS44 / S45 have a built-in controller used to control wait (WAIT pin) and data bus size (8 or 16
bits) for any of the three block address areas.
And AM8 /16 pin selects external data bus width for TMP93CS45.

AMS8/ 16 pin

TMP93CS44

Set this pin to “H”. After reset, the CPU accesses the internal ROM with 16 bit bus width. The bus
width when the CPU accesses an external area is set by Chip Select / Wait Control Register (described
at 3.6.2) and the registers of Port 1. (The value “1” of this pin is ignored and the value set by register is
active)

TMP93CS45

) With fixed external 16-bit data bus and external 16-bit data bus or 8-bit data bus is selectable

Set this pin to “L”. Portl, AD8 to 15 and A8 to 15 pins are fixed to AD8 to 15 functions. The values set
in Port 1 control register and Port 1 function register are invalid.

The external data bus width is set by the chip select / wait control register which is described in section
3.6.2.

It is necessary to set the program memory to be accessed to 16-bit data bus after reset.

) With fixed external 8-bit data bus

Set this pin to “H”. Portl, AD8 to 15 and A8 to 15 pins are fixed to A8 to 15 functions. The values set in
Port 1control register and Port 1 function register are invalid.

The values of bit 4 : <BOBUS>, <B1BUS>, and <B2BUS>, in the chip select / wait control register
described in section 3.6.2 are invalid. The external 8-bit data bus is fixed.
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3.6.2 Address/Data bus pins

Port 0/ADO to 7, Port 1/ADS8 to 15 and Port 2/AD16 to 23/A0 to 7 function as address / data bus for
connecting the external memories and so on.

® @ ) @
Products TMP93CS45F (noted) TMP93CS44F (note2), (note3)
Number of address
bus bi max24 (to 16MB) max24 (to 16MB) max16 (to 64KB) max8 (to 256B)
us pins
Number (?fdata bus 8 16 8 16
pins
Number of 8 16 0 0
multiplexed pins
Mode |EA ViL VIH
pins —
AMS8/16 ViH ViL VIH
Port 0 ADOto7 ADOto7 ADOto7 ADOto7
Port
function Port 1 A8to 15 AD8 1o 15 A8to 15 AD8 1o 15
Port 2 A16to 23 A16to 23 A0to7 A0to7
w0 X s X areo X mmre XAl ATt00
note | note |
Timing chart AD7t00 AD15t00 ap7to0  { AN (A7) |aDistoo ) {500)
ALE / \ | ALE / \ | ALE / \ | ALE / \ |
RD \ / RD \ / RD \ / RD \ /
Note 1 : Incase of @ and @), the data bus signals output the addresses since the signals are also
used as the address bus. Writing “0”to bit CKOCR<ALEEN>, ALE signal can be stopped
outputting.
Note 2 : Afterreset operation, Port0, Port 1 and Port 2 of TMP93CS44F function as Input ports.
Note 3 : In case of TMP93CS44F, All @ to @ can be available using P1CR, P1FC, P2CR and P2FC
registers.
Note 4 : Incase of TMP93CS45F, Case @ and @ cannot be available.
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3.6.3 Bus Width / Wait Control Registers

(1

(2)

3)

Table 3.6.(1) shows control registers.
One block address areas are controlled by 1-byte Bus-width / WAIT control registers (WAITCO,
WAITC1, WAITC2).

Data bus size select

Bit 4 (<BOBUS>, <B1BUS>, <B2BUS>) of the control register is used to specify data bus size.
Setting this bit to 0 accesses the memory in 16-bit data bus mode; setting it to 1 accesses the memory in
8-bit data bus mode.

Changing data bus size depending on the access address is called dynamic bus sizing. Table 3.6 (1)
shows the details of the bus operation.

This bit is changed by the state of AM8 /16 pin.

Wait control

Control register bits 3 and 2 (<BOW1,0>, <B1W1,0>, <B2W1,0>) are used to specify the number of
waits.
These bits execute the following operation by setting.

“00” A 2-state wait is inserted regardless of the WAIT pin status.

“01” A 1-state wait is inserted regardless of the WAIT pin status.

“10” A 1-state wait is inserted and the WAIT pin starus is sampled. If the pin is low, inserting the

wait maintains the bus cycle until the pin goes high.
“11” The bus cycle is completed without a wait (0 WAIT) regardless of the WAIT pin status.

Address area specification

Control register bits 1 and 0 (<B0C1,0>, <B1C1,0>, <B2C1,0>) are used to specify the target
address area. Setting these bits to 00 enables settings (Wait state, Bus size, ete.) as follows:

*  WAITCO setting enabled when 7TFO0H to 7FFFH is accessed.
* WAITCI setting enabled when 880H to 7FFFH is accessed.
* WAITC2 setting enabled when 8000H to 3FFFFFH is accessed.

Setting bits to 01 enables setting for each block when 400000H to 7FFFFFH is accessed. Setting bits to
10 enables them 800000H to BFFFFFH is accessed. Setting bits to 11 enables them when C00000H to
FFFFFFH is accessed.

93CS44-76



TOSHIBA TMP93CS44/TMP93CS45
7 6 5 ¢ 4 ¢ 3 o2 i 1 i0
bit Symbol : BOBUS : BOW1 : BOWO : BOC1 BOCO
(g\(l)ég}f)o Read}//Write : . : W _ .
Prohibit After reset 0 : 0 : 0 : 0 : 0
e Function 0:16bit; 00: 2WAIT 700: 7FOOH to 7FFFH
modify- Bus : 01:1WAIT :01: From 400000H
write. 1:8bit 10: T\WAIT+n :10: From 800000H
: Bus : 11: 0WAIT :11: From CO0000H
bit Symbol : B1BUS : B1W1 : BI1WO : B1C1 : B1CO
(g\(l)élgT}_%'l Read)//VVrite : : W :
Prohibit After reset 0__ 5 0 : 0 g 0 : 0
read- Function 0:16bit : 00: 2WAIT :00: 880H to 7FFFH
modify- Bu_s 01: TWAIT 01: From 400000H
write. 1:8bit 10: T\WAIT +n  :10: From 800000H
: Bus : 11:0WAIT :11: From CO0000H
bit Symbol : B2BUS : B2W1 : B2WO : B2C1 : B2CO
(g\éégﬁ)z Read)//VVrite : _ _ W _ .
Prohibit After reset 0 _ 0 : 0 f 1 : 1
read- Function 0:16bit: 00: 2WAIT :00: From 8000H
modify- Bus : 01: 1TWAIT 01: From 400000H
write. 1:8bit 10: TIWAIT+n :10: From 800000H
Bus 11: OWAIT :11: From CO0000H
Table 3.6 (1) Bus- width / wait control register
Table 3.6 (1) Dynamic bus sizing
Operand data | Operand start | Memory data | cpy address CPU data
size address size D15 to D8 D7 to DO
8 bits 2n+0 8 bits 2n+0 XXXXX b7 to b0
(even number) 16 bits 2n+0 XXXXX b7 to b0
2n+1 8 bits 2n +1 XXXXX b7 to b0
(odd number) 16 bits 2n +1 b7 to b0 XXXXX
16 bits 2n+0 8 bits 2n+0 XXXXX b7 to b0
(even number) 2n +1 XXXXX b15to b8
16 bits 2n+0 b15to b8 b7 to b0
2n+1 8 bits 2n+1 XXXXX b7 to b0
(odd number) 2n +2 XXXXX b15to b8
16 bits 2n +1 b7 to b0 XXXXX
2n +2 XXXXX b15to b8
32 bits 2n+0 8 bits 2n+0 XXXXX b7 to b0
(even number) 2n +1 XXXXX b15to b8
2n+2 XXXXX b23tob16
2n+3 XXXXX b31to b24
16 bits 2n+0 b15to b8 b7 to b0
2n +2 b31to b24 b23tob16
2n+1 8 bits 2n +1 XXXXX b7 to b0
(odd number) 2n+2 XXXXX b15to b8
2n+3 XXXXX b23tob16
2n +4 XXXXX b31tob24
16 bits 2n +1 b7 to b0 XXXXX
2n+2 b23tob16 b15to b8
2n+4 XXXXX b31to b24
XXXXX During a read, data input to the bus is ignored. At write, the bus is at

high impedance and the write strobe signal remains non-active.
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3.6.4 Bus-width / Wait controll

An image of the actual Bus-width / Wait control is shown below. Out of the whole memory area, address
areas that can be specified are divided into four parts. Addresses from 000000H to 3FFFFFH are
divided differently: 7FO00H to 7FFFH is specified for WAITCO; 880H to 7FFFH, for WAITC1; and
8000H to 3FFFFFH, for WAITC2. The reason is that a device other than ROM (ie, RAM or I/0) might
be connected externally.

7TF00 to 7FFFH (256 bytes) for WAITCO are mapped mainly for possible expansions to external I/O.
880H to 7TFFFH (approx. 31K bytes) for WAITC1 are mapped there mainly for possible extensions to
external RAM,

8000H to 3FFFFFH (approx. 4M bytes) for WAITC2 are mapped mainly for possible extensions to
external ROM. With the TMP93CS45, which does not have a built-in ROM, the program is externally
read at address FFOOOOH in this setting (16-bit bus, 2-wait). With the TMP93CS44 which has a built-in
ROM, addresses from FFO0000H to FFFFFFH are used as the internal ROM area; WAITC2 is disabled
in this area. After reset, the CPU reads the program from the built-in ROM in 16-bit bus, 0 wait mode.

WAITCO WAITC1 WAITC2
000000H 880H
7F00H <BOC1.0> = 00" <B1C1,0>="00"
8000H
<B2C1,0>="00"
400000H
<B0C1,0>="01" <B1C1,0>="01" <B2C1,0>="01"
800000H
<BO0C1,0>="10" <B1C1,0>="10" <B2C1,0>="10"
C00000H
<B0C1,0>="11" <B1C1,0>="11" <B2C1,0>="11"
FFFFFFH
(Mainly for I/0) (Mainly for RAM) (Mainly for ROM)

Note1: Access priority is highest for built-in I/O, then built-in memory, and lowest for the chip select / wait
controller.

Note 2: External areas other than WAITCO to 2 are accessed in 0 wait mode. In the TMP93CS45, when the
AMB8/16 pin is set to “L”, the data bus width is fixed to 16-bit. When the AMS8/16 pin is set to “H”, it
is fixed to 8-bit. In the TMP93CS44, the data bus width is always fixed to 16-bit.

When using the chip select/wait controller, do not specify the same address area more than once.
(However, when addresses 7FO0H to 7FFFH for WAITCO and 880H to 7FFFH for WAITC1 are
specified, in other words, specifications overlap, only the WAITCO setting is active.)
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3.6.5 Example of Usage

(M

Example of Usage -1

Figure 3.6 (2) is an example in which an external memory is connected to the TMP93CS45. In this

example, a ROM is connected using 16 bit Bus; a RAM is connected using 8 bit Bus.

TMP93CS45

UPPER
ADDRESS
ALE

ADS8

to

AD15

ADO

to

EA AD7
AMS8 /16
RD

W

=

—

Decoder

10CS

RAMCS

74HC573

ROMCS

—p Q

P @

Address Bus

i

1

O

s L0

Upper byte
ROM

E

s L0

Lower byte

ROM

O

E

Ao

O
m
=
m

8bit bus
RAM

llo—

0

8bit bus
I/0

WE

O

O

J

e

s
Y

&)

Figure 3.6 (2) Example of external Memory Connection (ROM = 16 bits, RAM & I/0 = 8 bits)

WAITCO
WAITC1
WAITC2
LD
LD
LD

EQU
EQU
EQU
(WAITCO),
(WAITC1),
(WAITC2),

68H
69H
6AH

XXX10000B
XXX111008B
XXX00111B

(Note) X: Don’tcare

; WAITCO = 8 bit, 2WAIT, 7FO0H to 7FFFH
; WAITC1 =8 bit, OWAIT, 880H to 7EFFH
; WAITC2 = 16 bit, TWAIT, CO0000H to FFFFFFH
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(2) Example of Usage-2

Figure 3.6 (3) is an example in which an external memory is connected to the TMP93CS45. In this
example, a ROM, RAM, and I/O are connected using 8 bit bus.

Decoder
10CS
:/I\ RAMCS
ROMCS
Address Bus d
74HC573 é U é U é
TMP93CS45 S S S
Upper 8 bit bus 8 bit bus 8 bit bus
3D Q ROM RAM /0
A LE
A8 L%
to
A15
ADO
/; EA to < 5
AD7
T avs/T6
RD |o
WR p ®

Figure 3.6 (3) Example of External Memory Connection (ROM & RAM & I/O =8 bit)

WAITCO EQU 68H

WAITC1 EQU 69H

WAITC2 EQU 6AH

LD (WAITCO), XXX10000B ; WAITCO =8 bit, 2WAIT, 7FO0H to 7FFFH

LD (WAITC1), XXX11100B ; WAITC1 =8 bit, OWAIT, 880H to 7EFFH

LD (WAITC2), XXX10111B ; WAITC2 =8 bit, 1TWAIT, CO0000H to FFFFFFH

(Note)X : Don’t care
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(3) Example of Usage-3

Figure 3.6.(4) is an example in which an external memory is connected to the TMP93CS44. In this
example, ROM 128K byte is connected using 16 bit bus, and RAM 256K byte using 16 bit bus.

Decorder
ROMCS
TMP93CS44 e
Upper address
latchx 16 ROM (64K bit x 16)
AD8to 15 |« >

Address bus D8 to 15 —P»|
D Q DOto7 P

ADO to 7 [ ¢—p

Qg

ALE

RAM (128K bitx 8)

=
lw)

3
Ll_+ \{ Q0O

OE 1/01 to 8 |4

.
=
X

Upper byte

RAM (128K bitx 8)

J»()()V loov va
a

OE I/01 to 8 [4—
___ R/W
AMS8/16 CS Lower byte

m
5

Figure 3.6 (4) Example of External Memory Connection (ROM & RAM = 16 bits)

The TMP93CS44 has built-in ROM and RAM. When ROM and RAM have insufficient capacity, it is
possible to connect an external memory as the example of the external memory connection. In this
example, the memory configuration is as follows.

Memory Memory size Address Data bus
ROM Internal 64K Byte FFOOOOH to FFFFFFH 16 bit
External 128K Byte 400000H to 41FFFFH 16 bit
SRAM | Internal 2K Byte 000080H to 00087FH 16 bit
External 256K Byte 800000H to 83FFFFH 16 bit
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3.7

8-bit Timers

TMP93CS44 / S45 contains four 8-bit timers (timers 0, 1, 2, 3), each of which can be operated
independently. The cascade connection allows these timers to be used as 16-bit timer. The following
four operating modes are provided for the 8-bit timers.

® 8-bitinterval timer mode (4 timers)

® 16-bit interval timer mode (2 timer)

® 8-bit programmable square wave pulse generation (PPG: variable duty with variable cycle) output
mode (1 timer)

® 8-bit pulse width modulation (PWM: variable duty with constant cycle) output mode (1 timer)

Figure 3.7 (1) shows the block diagram of 8-bit timer (timer 0, 1), and Figure 3.7 (2) shows the block
diagram of 8-bit timer (timer 2, 3).

Each interval timer consists of an 8-bit up-counter, 8-bit comparator, and 8-bit timer register. Besides,
timer flip-flops (TFF1, TFF3), are provided for pair of timer 0/1 and 2/3.

Among the input clock sources for the interval timers, the internal clocks of ¢ T1, ¢T4, 4T16, and ¢T256
are obtained from the 9-bit prescaler shown in Figure 3.7 (3).

The operation modes and timer flip-flops of the 8-bit timer are controlled by five control registers
T10MOD, T32MOD, TFFCR, TRUN and TRDC.
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Figure 3.7 (1) Block Diagram of 8-bit Timers (Timers 0 and 1)
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Figure 3.7 (2) Block Diagram of 8-bit Timers (Timers 2 and 3)
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@ Prescaler

There are 9-bit prescaler and prescaler clock selection registers to generate input clock for 8-bit Timer
0,1, 2,3, 16-bit Timer 4, 5 and Serial Interface 0, 1.
Figure 3.7 (3) shows the block diagram. Table 3.7 (1) shows prescaler clock resolution into 8, 16-bit

Timer.
—\> to CPU
> System clock (fsys)
fepp —> - 9bit Prescaler
[e]
";' —)|2|4|8|16|32|64|128|256|512|
]
- 4
4] 12
* ﬂ?e to8bit Timer0,1,2,3
—> 47256
- SYSCRO
2 <PRCK1, 0> 4T
. ; run/stop gﬁs to 16 bit Timer 4,5
XT1 O% P &clear
° »
- TRUN<PRRUN>
v ,
; SYSCR1<SYSCK> iTz to Serial Interface 0, 1
%) T8
b L > i
fe fc,2 fc/4 fc/s fc/16 *
SYSCR1<GEAR2to 0>

X1 I:I—L>2 48 1s|

Figure 3.7 (3) The Block Diagram of Prescaler

Table 3.7 (1) Prescaler Clock Resolution to 8, 16 bit Timer
at fc=20 MHz, fs = 32.768 kHz

Select system |Select prescaler G | Prescaler Clock Resolution
clock clock earva 2ue
<SYSCK>  |<PRck1,0> | <GEAR2t00> 4T 474 4T16 47256
1(fs) XXX fs193 (244 ps) |Ts125 (977 ps) |Ts727 (4 ms) fs/211 (62.5 ms)
000 (fc) feio3 (0.4 us) |Teras (1.6 us) |Te27 (6.4 4s)  |Tr211 (102.4 o)
00 001 (ferp) feipa (0.8 us) |Tera6 (3.2u8) |T/28 (12.8 ps) | T</212 (204.8 1)
(frpn)
0 (fo) FPH 010(fca)  |foras (1.6,8) |fera7 (6.4 1) |Fer20 (25.6 1) |Tc/213 (409.6 us)

011 (fe/g) feipe (3.2 us) |TCr8 (12.8 1) |T€210(51.2 ps) | T€/214(819.2 us)

100(fcr1g)  |f<ra7 (6.4 ps) |T¢/p9 (25.6 us) |fe/211(102.4 1s) [fC/215(1.6384 ms)

01

XXX XXX fs/p3 (244 ps) |Ts/25 (977 ws) |Ts/27 (3.9 ms)  |Ts/211 (62.5 ms)
(low frequency clock)
XXX 10 (note) XXX fc/y7 (6.4 us) |T</29 (25.6 us) |F/211(102.8 s) | fc/a15(1.6384 ms)
7 . S, . S, 1" . S, 15(1. ms,
(f¢/16 clock) 2 iz 2 Iz 2 iz 2
XXX : don't care e« 16 bit Timer —8 >

(Note) Thefc/1gclock as a prescaler clock cannotbe |l«— ghit Timer
used when the fs is used as a system clock.
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The clock selected among frpyy clock, fe/ 16 clock, and fs clock is divided by 4 and input to this prescaler.
This is selected by prescaler clock selection register SYSCRO<PRCK1, 0>.

Resetting sets <PRCK1, 0> to “00”, therefore frpy / 4 clock is input.

The 8 bit Timer selects between 4 clock inputs : ¢T1, ¢T4, ¢T16, and ¢T256 among the prescaler output.
This prescaler can be run or stopped by the timer control register TRUN <PRRUN >. Counting starts
when <PRRUN> is set to “1”, while the prescaler is cleared to zero and stops operation when
<PRRUN > is set to “0”.

When the IDLE1 mode (operates only oscillator) is used, set TRUN<PRRUN> to ‘0’ to stop this
prescaler before “HALT” instruction is executed.

Up-counter

This is an 8-bit binary counter which counts up by the input clock pulse specified by TI0MOD and
T32MOD.

The input clock of timer 0, 2 is selected from the external clock from TIO (only timer 0) pin and the three
internal clocks ¢T1, ¢T4, and 4T16, according to the set value of TLIOMOD / T32MOD registers.

The input clock of timer 1 and 3 differs depending on the operation mode. When set to 16-bit timer
mode, the overflow outputs of timer 0 and 2 are used as the input clock. When set to any other mode
than 16-bit timer mode, the input clock is selected from the internal clocks ¢T1, ¢T16, and 4T256 as
well as the comparator output (match detection signal) of timer 0, 2 according to the set value of
T10MOD and T32MOD registers.

Example: When T10MOD <T10M1,0> =01, the overflow output of timer 0 becomes the input clock
of timer 1 (16-bit timer mode).
When T10MOD<T10M1,0> =00 and TIOMOD<T1CLK1,0> =01, ¢T1 becomes the
input of timer 1 (8 bit timer mode).

Operation mode is also set by TIOMOD and T32MOD registers. When reset, it is initialized to
T10MOD <T10M1, 0> =00 and T32MOD <T32M1, 0> =00 whereby the up-counter is placed in the 8-
bit timer mode.

The counting and stop & clear of up-counter can be controlled for each interval timer by the timer
operation control register TRUN. When reset, all up-counters will be cleared to stop the timers.
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® Timer register

This is an 8-bit register for setting an interval time. When the set value of timer registers TREGO,
TREG1, TREG2, TREG3, matches the value of up-counter, the comparator match detect signal becomes
active. If the set value is 00H, this signal becomes active when the up-counter overflows.

Timer registers TREG2 are double buffer structure, each of which makes a pair with register buffer.
The timer flip-flop controll register TRDC <TR2DE > bits control whether the double buffer structure
in the TREG2 should be enabled or disabled. They are disabled when <TR2DE > =0 and enabled when
they are set to 1.

In the condition of double buffer enable state, the data is transfered from the register buffer to the timer
register when the 2n—1 overflow occurs in PWM mode, or at the PPG cycle in PPG mode. Therefore,
during timer mode, the double buffer can not be used.

When reset, it will be initialized to <TR2DE > =0 to disable the double buffer. To use the double
buffer, write data in the timer register, set <TR2DE > to 1, and write the following data in the register

buffer.
Up-counter
Comparator (CP2)
Timer registers 2 (TREG2)
ZA Matching detection of PPG
e <« f——=< cydle
Shift trigger Selector 2n -1 overflow of PWM
Register buffers 2 TREG2 WR
PAN
Write
£ 3  TRDC<TR2DE>
Internal bus

Figure 3.7 (4) Configuration of Timer Register 2

Note: Timer register and the register buffer are allocated to the same memory address. When
<TR2DE > =0, the same value is written in the register buffer as well as the timer
register, while when <TR2DE > =1 only the register buffer is written.
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@

®

The memory address of each timer register is as follows.
TREGO: 000022H TREG2: 000026H
TREG1: 000023H TREG3: 000027H

All the registers are write-only and cannot be read.

Comparator

A comparator compares the value in the up-counter with the values to which the timer register is set.
When they match, the up-counter is cleared to zero and an interrupt signal (INTTO0, INTT1, INTT2,
INTTS3) is generated. If the timer flip-flop inversion is enabled, the timer flip-flop is inverted at the
same time.

Timer flip-flop (timer F/F : TFF1, TFF3)

The timer flip-flop (TFF1, TFF3) is a flip-flop inverted by the match detect signal (8-bit comparator
output) of each interval timer.

Inverting is disabled or enabled by the timer flip-flop control register TFFCR <TFF3IE, TFF1IE >,
After reset operation, the value of TFF1, TFF3 is undefined. Writing “01” or “10” to TFFCR <TFF3C1-
0, TFF1C1-0>sets “0” or “1” to TFF1, TFF3. Additionally, writing “00” to this bit inverts the value of
TFF1, TFF3. (software inversion)

The signal of TFF3 is output through the TO8 pin (also used as P41). When using as the timer output,
the timer flip-flop should be set by port 4 function register PAFC beforehand. The output pin of TFF1
does not exist.
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7 ¢ 6 . 5 i 4 i 3 i 2 i 1 i 0
TRUN |bit Symbol [ PRRUN T5RUN T4RUN : T3RUN T2RUN T1RUN TORUN
(0020H) Read/Write R/W RIW
Afterreset | 0 | o0 ¢ o 0 i o0 i o i o
Prescaler & Timer Run / Stop CONTROL
Function 0: Stop & Clear
1 : Run (Count up)

L » CountOperation

0 |Stop andclear

1 |Count
PRRUN :  Operation of prescaler
T5RUN . Operation of 16-bit timer (timer5)
T4RUN :  Operation of 16-bit timer (timer4)
T3RUN :  Operation of 8-bit timer (timer3)
T2RUN :  Operation of 8-bit timer (timer2)
_ _ T1RUN :  Operation of 8-bit timer (timer1)
Note : TRUN <bit 6> is alwaysread as “1".  TorUN :  Operation of 8-bit timer (timer0)
7 6 5 4 3 2 1 0
SYSCRO | bit Symbol XEN XTEN RXEN RXTEN RSYSCK WUEF PRCK1 PRCKO
(006EH) Read/Write R/W
After reset 1 0 1 0 0 0 0 0
High Low High Low select clock | Warm-up select prescaler clock
. Frequency Frequency | Frequency Frequency after Timer 00 : frpy
Function | ociator oscillator | oscillator oscillator released Owrite : 01:1s
(fc) (fs) (fc) after (fs) after STOP mode | don‘tcare 10 : fc/16
0:stop 0:stop released released 0:fc Twrite : 11: (reserved)
1: oscillaton | 1: oscillaton [ STOP mode | STOP mode | 1:1s start timer
0:stop 0:stop Oread:
1: oscillaton | 1: oscillaton end Warm-
up
1read:
notend
Warm-up

|—> select gear value of high frequency

01 [fs 1/ 4times clock

11 |(reserved)

Figure 3.7 (5) Timer Operation Control Register / System Clock Control Register
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T10MOD
(0024H)

7 ¢ 6 . 5 i 4 i 3

2 ¢ 1 i o0

bit Symbol [ T1OM1 | T10MO ' | TICLK1 | TICLKO | TOCLK1 i TOCLKO
Read/Write R/W R/W
After reset 0 0 0 0 0 0
Operation mode Source clock of timer1 Source clock of timer0
00: 8 bit Timer © 00: TOOTRG © 00: TIO
Function | 01: 16 bit Timer P 01: gT1 P 01: gT1
10: - © 10: 4T16 ©10: 4T4
11: - : i 11: ¢T256 P 11:4T16

]

\—>Input clock of timer 0

External Input (TIO)

¢T1 (Prescaler)
¢T4 (Prescaler)
¢T16 (Prescaler)

L sInputclock of timer 1

T10MOD

T10MOD<T10M1,0> #01 <T10M1,0> =01

IComparator output |Overflow output of
of timer 0 timer 0

Internal clock 4T16  [(16-bit timer mode)

Internal clock ¢T256

Set the operation mode of
timer 0 and 1.

Two 8-bit timers
(timer 0 and timer 1)

Figure 3.7 (6) Timer Mode control Register (T10MOD)
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7 i 6 5 4 i 3 2 1 1 i 0
T32MOD [yt symbol | T32M1 | T32M0 : PWM21 : PWM20 : T3CLK1 : T3CLKO | T2CLK1 | T2CLKO
(0028H) :
Read/Write R/W
After reset o i o i o i 0o i o0 o i 0o i 0
Operation mode PWM cycle Source clock of timer3 Source clock of timer2
00: 8 bit Timer :00: - : 00: TO2TRG :00: -
Function 1: 16 bit Timer L 01:25%1 L 01: 4T1 L 01: 4T1
10: 8 bit PPG $10: 271 P 10: ¢T16 P 10: ¢T4
11: 8 bit PWM P11 2% P11 ¢T256 P 11:4T16

|
]

\—>Input clock of timer 2

Don't set

¢T16 (Prescaler)

L sInputclock of timer3

T32MOD
<T32M1,0> =01

T32MOD
<T32M1,0>#01

Overflow output of
timer 2

Comparator output
of timer 2

(16-bit timer mode)

Internal clock 4T256

Select PWM cycle

(28-1) x Input clock frequency of timer 2

Sett

time

he operation mode of
r2 and 3.

00

Two 8-bit timers
(timer 0 and timer 1)

8-bit PWM output (timer 2)
+ 8-bit timer (timer 3)

Figure 3.7 (7) Timer Mode control Register (T32MOD)
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7 i 6 5 4 3 i 2 i 0
TFFCR | bit Symbol | TFF3C1 TFF3CO TFF3IE : TFF3IS TFF1C1 TFF1CO TFF1IE : TFF1IS
(0025H) I aanwrite w RIW ; W RW
After reset 1 1 : 0 0 ; 1 : 1 0 0
00: Invert TFF3 TFF3 . TFF3 . 00: Invert TFF1 TFF1 . TFF1 .
i Inversion : Inversion i Inversion : Inversion
Function 01:SetTFF3 trigger source 01:Set TFF1 trigger source
10: Clear TFF3 :0: Disable :0:Timer2 | 10: Clear TFF1 :0: Disable :0: Timer 0
11: don't care 1 Enable ;1:Timer3 11: don't care 1 Enable 51:Timer1

Sel

ect inverse signal of timer F/F3

("Don't care” except in 8-bit timer mode)

Inversion by timer 2

Inversion by timer 3

L Inversion of Timer F/F3 (TFF3)

Disable invert

Enable invert

ntrol of Timer F/F3 (TFF3)

Invert the value of TFF3
(software inversion)

Don’t care

Sel

ect inverse signal of timer F/F1

("Don't care” exceptin 8-bit timer mode)

Inversion by timer 0

Inversion by timer 1

L_>Inversion of Timer F/F1 (TFF1)

Disable invert

Enable invert

—>Control of Timer F/F1 (TFF1)

Invert the value of TFF1
(software inversion)

Don't care

Note : TFFCR<TFF3C1to 0, TFF1C1to 0> is alwaysread as “1".

Figure 3.7 (8) Timer Flip-flop Control Register (TFFCR)
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7 ¢ 6 5 = 4 i 3 2 ;1 0

TRDC  |bit Symbol . TR2DE | -
(0029H) Read/Write R/W

After reset 0 0

:0: Duble : (Note)
. ) : : : : : Buffer i Always
Function § g ! Disable | write “0”
: : ' : i1: Duble

Buffer :

Enable :

L Operation of Timer Register 2 Double butter

00 | Disable

01 | Enable

Figure 3.7 (9) Timer Register Double Buffer Control Register (TRDC)
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(1

8-bit timer mode

Four interval timers 0, 1, 2, 3, can be used independently as 8-bit interval timer.

@ Generating interrupts in a fixed cycle (in case of Timer 1)

To generate timer 1 interrupt at constant intervals using timer 1 (INTT1), first stop timer 1 then set the
operation mode, input clock, and a cycle to TIOMOD and TREG]1 register, respectively. Then, enable
interrupt INTT1 and start the counting of timer 1.

Example : To generate timer 1 interrupt every 1 seconds at fs=32 kHz, set each register in the
following manner.

X Clock Condition

system clock :  lowfrequency (fs)
prescalerclock : low frequency (fs)
MSB LSB
76543210
[ TRUN €=-X=-==-=-0 - Stop timer 1, and clearitto “0”.
TIOMOD « 00X X 10 - - Set the 8-bit timer mode, and select 4T16 (4 ms at fs =32 kHz)
as the input clock.
TREGT <« 11111010 Set the timer register 1s+ ¢T16 =250 =FAH
INTET1I0 « 1101 - - - - Enable INTT1, and setit to “Level 5".
L TRUN «1X--=--1- Start timer 1 counting.
Note : X: don’t care —;no change

Use the table 3.7 (1) for selecting the input clock.

Note : The input clock of timer 0 and timer 1 are different from as follows.
Timer 0 : TI0 input, ¢T1, 4T4, 4T16
Timer 1 : Match Output of Timer 0, 4T1, 4T16, 4T256
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@ Generating a 50% duty square wave pulse

The timer flip-flop is included in timer 1 and 3.
The timer flip-flop (TFF3) is inverted at constant intervals, and its status is output to timer output pin
(TO83). The output pin of TFF1 does not exist.

Example : To output a 2.4 »s square wave pulse from TO3 pin at fc=20 MHz, set each register in the
following procedures. Either timer 2 or timer 8 may be used, but this example uses timer

3.
% Clock Condition
system clock :  High Frequency (fc)
clock gear : 1(fe)
prescalerclock : fgpH

~l
(o]
(&)
S
w
N
-
o

[TRUN ¢« - X --0-- - Stop timer 3, and clearitto “0”.
T32MOD« 0 0 X X 0 1 - - Set the 8-bit timer mode, and select ¢T1 (0.4 us at fc =20 MHz) as
the input clock.
TREGL « 00000011 Set the timer registerat 2.4 us + ¢T1+2=3.
TFFCR« 1011 - - - - Set TFF3 to “0”, and set to invert by the match detect signal from
timer 3.
PACR € - ===~ L- } Select P41 as TO3 pin.
PAFC « - XX -XX1X
| TRUN ¢« 1 X--1--- Start timer 3 counting.
Note: X;don’t care —;no change
M ML riririritrirrrriri
TRUN
<T3RUN>
BIT7 to 2

Up-
counter BIT1

sro—2o0 | v L2 [3fll v 12 [3]of ° 2 [3]o
Sompgreer M A mnm M
S AT m M M

INTT3 \ [ [

{ r! n
; .z —
TO3 / \ /[

1
| 1.2 satfc=20 MHz
[}

Figure 3.7 (10) Square Wave (50% Duty) Output Timing Chart
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® Making timer 1 count up by match signal from timer 0 comparator

(2)

(Same function is achieved by using timer 3 and timer 2)
Set the 8-bit timer mode, and set the comparator output of timer 0 as the input clock to timer 1.

Comparator output M M
(Timer 0 match)

TimerQup-counter 1 X2 X3 X4 X5 X1 X2X3X4X5X1 X2X3)

(when TREGO =5)

Timer 1 up-counter 1 X 2 X 1
(when TREG1 =2)

Figure 3.7 (11) Timer 1 count up by timer 0

Timer 1 match output

16-bit timer mode

A 16-bit interval timer is configured by using the pair of timer 0 and timer 1 or timer 2 and timer 3.

To make a 16-bit interval timer by cascade connecting timer 0 and timer 1, set timer 0/1 mode register
T10MOD <T10M1,0> to “01”.

When set in 16-bit timer mode, the overflow output of timer 0 will become the input clock of timer 1 and
3, regardless of the set value of TIOMOD <T1CLK1,0>and T32MOD <T3CLK1, 0>. Table 3.7 (1)
shows the relation between the cycle of timer (interrupt) and the selection of input clock.

The lower 8 bits of the timer (interrupt) cycle are set by the timer register TREGO or TREG2, and the
upper 8 bits are set by TREG1 or TREG3. Note that TREG0 and TREG2 always must be set first.
(Writing data into TREGO and TREG2 disables the comparator temporarily, and the comparator is
restarted by writing data into TREG1 and TREG3.)

Setting example : To generate an interrupt INTT3 every 0.4 seconds at fc=20 MHz, set the
following values for timer registers TREG2 and TREG3.

X Clock Condition

system clock :  High Frequency (f¢)
clock gear : 1(fe)
prescalerclock : frpH

When counting with input clock of $T16 (6.4 us at 20 MHz)
0.4s8+6.4 us=62500=F424H
Therefore, set TREG3 =F4H and TREG2=24H, respectively.
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3)

The comparator match signal is output from timer 2 each time the up-counter UC2 matches TREG2,
where the up-counter UC2 is not be cleared.

With the timer 3 comparator, the match detect signal is output at each comparator timing when up-
counter UC3 and TREG3 values match. When the match detect signal is output simultaneously from
both comparators of timer 2 and timer 3, the up-counters UC2 and UC3 are cleared to “0”, and the
interrupt INTTS is generated. If inversion is enabled, the value of the timer flip-flop TFF3 is inverted.

Example : When TREG3=04H and TREG2=80H

Yt?clslieﬁég -counter  goooH 0080H 0180H 0280H 0380H 0480H

Timer 2 comparator

match detect signal | | | Ml |
Interrupt INTT3 "
Timer outputTO3 x Inversion

Figure 3.7 (12) Timer output by 16-bit timer mode

8-bit PPG (Programmable Pulse Generation) Output mode

Square wave pulse can be generated at any frequency and duty by timer 2. The output pulse may be
either low-active or high-active. In this mode, timer 3 cannot be used.

Timer 2 outputs pulse to TO3 pin (also used as P41).

In this mode, a programmable square wave is generated by inverting timer output each time the 8-bit
up-counter (UC2) matches the timer registers TREG2 and TREGS.

However, it is required that the set value of TREG2 is smaller than that of TREGS.

Though the up-counter (UC3) of timer 3 is not used in this mode, UC3 should be set for counting by
setting TRUN <T3RUN >1to 1.

Figure 3.7 (14) shows the block diagram for this mode.
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e I DR S
) t 1
TREG2 and UC2 match A fl
(Interrupt INTT2) / /
TREG3 and UC2 match /“ /"
(Interrupt INTT3) \ ( \ [
TO3 \
TREG2
TREG3
Figure 3.7 (13) 8 bit PPG output waveforms
TO3
T32RUN<TORUN> A
ﬂl > celect 8-bit | TFF3  |<—TFFCR
Zﬂﬁ | Selector up-counter (UC2) <TFF3C1,0, TFF3IE>
T T T é Inversion
T32MOD <T2CLK1, 0>
INTT2
A4
| Comparator | Comparator |r, > [INTT3
PAN AN
L | TREG 2 |
2\
TREG2-WR~>] Selector Shifttrigger
| Register buffer | | TREG 3
TRDC<TR2DE> 7N VAN

Internal bus

Figure 3.7 (14) Block Diagram of 8-Bit PPG Output Mode

When the double buffer of TREG2 is enabled in this mode, the value of register buffer will be shifted in
TREG2 each time TREG3 matches UC2.
Use of the double buffer makes easy the handling of low duty waves (when duty is varied).
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Match with TREG2 "
and up-Counter

(Up-counter = Q) (Up-counter = Q,)
Match with TREG 3

(  Shift from register buffer
<

TREG 2
(Value to be compared) Q, x{l\ Q,
Registe buffer Q X Q;
A\ TREG 2 (register buffer)
write

Figure 3.7 (15) Operation of Register buffer
Example : Generating 1 /4 duty 62.5 kHz pulse (at fc=20 MHz)

[ I I
<o

X Clock Condition

system clock :  High Frequency (fc)
clock gear : 1(fe)
prescalerclock : frpH

® Calculate the value to be set for timer register.
To obtain the frequency 62.5 kHz, the pulse cycle t should be : t=1/62.5 kHz=16 us.
Given ¢T1=0.4 us (at 20 MHz),
16 us+0.4 us=40
Consequently, to set the timer register 3 (TREG3) to TREG3 =40=28H
and then duty to 1/4,tX1/4 = 16 usX1/4=4 us
4 us+0.4 us=10
Therefore, set timer register 2 (TREG2) to TREG2=10=0AH.

3 76543210

TRUN ¢ =X --00- - Stop timer 2, 3 and clearitto “0".

T32MOD« 1 0 X X X X 0 1 Set the 8-bit PPG mode, and select ¢T1 as input clock.
TREG2 « 00001010 Write “0AH".

TREG3 « 00101000 Write “28H".

TFFCR« 01 1 X - - = ~ Sets TFF3 and enable the inversion and double buffer

enable.

Writing “10” provides negative logic pulse.
P4ACR ¢ - - - - - - 1-
PAFC « - X X - X X 1 X Set P41 as the TO3 pin.

[ TRUN «1X--11-- Start timer 2 and timer 3 counting.

Note: X;Don’tcare —;nochange
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(4) 8-bit PWM Output mode

This mode is valid only for timer 2. In this mode, maximum 8-bit resolution of PWM pulse can be
output.

PWM pulse is output to TO3 pin (also used as P41) when using timer 2. Timer 3 can also be used as 8-bit
timer.

Timer output is inverted when up-counter (UC2) matches the set value of timer register TREG2 or
when 2n—1 (n=86, 7, or 8; specified by T32MOD <PWM21 to 20>) counter overflow occurs. Up-counter
UCO0 is cleared when 2n —1 counter overflow occurs.

To use this PWM mode, the following conditions must be satisfied.

(Set value of timer register) < (Set value of 2n—1 counter overflow)
(Set value of timer register) # 0

TREG2 and
UC2 match /ﬂ /" "
2n-1
overflow / /'" / /‘"
(interrupt INTT2) \ ( \ (
TO3 | \l_l town \|_|
: (PWM cycle)

Figure 3.7 (16) 8-bit PWM waveforms
Figure 3.7 (17) shows the block diagram of this mode.

TO3
TRUN <T2RUN> A
$T1—> 8-bitu TFFCR
- p-counter
¢T4—>{ Selector TFF &<TFF3C1 0, TFF3IE>
4T16—> (UC2) Clear 3 Ve
2n-1 T32MOD Invert
T32MOD <T2CLK1, 0> <T32M1,0> =11
:(> overflow T32MOD
control <PWM21, 20>
A Overflow

| Comparator I

AN
’ INTT 2

L | TREG2 |

AN
Selector Shift trigger
TREG2-WR—> -

‘f | Register buffer |

TRDC <TR2DE> ﬁ

§ )}
Internal bus

Figure 3.7 (17) Block Diagram of 8-Bit PWM Mode
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In this mode, the value of register buffer will be shifted in TREG2 if 2n —1 overflow is detected when the
double buffer of TREG2 is enabled.
Use of the double buffer makes easy the handling of small duty waves.

Match with TREG2 n |_|
Up-counter = Q Up-counter = Q;
2n - 1 overflow /n
{ shiftinto TREG2
TREG 2 Q1 X Q2
(value to be compared) ﬁ
Register buffer Q2 X Q3

A_ TREG2 (register buffer) write

Figure 3.7 (18) Operation of Register buffer
Example: Tooutput the following PWM waves to TO3 pin at fc=20 MHz.

[ B R N

<58 ‘
|

50.8 Hs

*  Clock Condition

system clock :  High Frequency (fc)
clock gear : 1(fe)
prescalerclock : fppy

To realize 50.8 us of PWM cycle by 4T1=0.4 us (at fc=20 MHz),
508 us + 0.4 s =127 = 2n—-1

Consequently, n should be set to 7.

As the period of low level is 28.8 us, for 4T1=0.4 us,

set the following value for TREG2.
28.8 us + 0.4 us = 72 = 48H

MSB LSB
76543210
[TRUN ¢ - X---10 - - Stop timer 2, and clear it to “0”.
T32MOD« 1 110 - -0 1 Set 8-bit PWM mode (cycle: 27 - 1) and select ¢T1 as the input
clock.
TREG2 « 01 001000 Writes “48H".
TFFCR« 101 X - - - - Clears TFF3, enable the inversion and double buffer.

PACR ¢ - - - - = = 1 - _
PAFC « - X X - X X 1 X } Set P41 as the TO3 pin.
TRUN ¢ 1 X ---1- - Start timer 2 counting.
_Note :X;Don’tcare —;nochange
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Table 3.7 (2) PWM Cycle

at f¢=20 MHz, fs=32.768 kHz

PWM Cycle
select prescaler |select system Gear value
clock clock <GEAR2 t0 0> 26-1 27 -1 28-1
<PRCK1,0> <SYSCK>
#T1 4T4 4T16 #T1 4T4 4T16 #T1 4T4 4T16
1 (fs) XXX 15.4ms |615ms [246ms [31.0ms |124ms |496ms |[62.3ms |249ms |996 ms
000 (fc) 25245 [10084s |803.24s |508us [203.24s 812845 |102.0us |408.0us |1.63ms
00 001 (f¢/7) 50445 (20164 |806.44s |101.64s |406.44s |1.63ms |20404s |816.0us [3.26ms
(fepr) P
0(fo) 010 (fcrg) 1008 s |40324s [1.61ms [203.24s |81284s [3.26ms [4080us |1.63ms [6.53ms
011 (fug) 201645 [806.4.s |3.23ms |406.44s [1.63ms [652ms [816.04s [3.26ms [13.06ms
100 (fc/16)  |a0324s [1.61ms |6.45ms [81284s {325ms [13.0ams [1.63ms [653ms |26.11ms
01
(low frequency XXX XXX 154ms [61.5ms |246ms |31.0ms [124ms [496ms |623ms [249ms [996 ms
clock)
10
r XXX XXX 403245 |1.61ms [6.45ms [812.8us [3.25ms [13.04ms [1.63ms [6.53ms |26.11ms
(T¢/16 clock)

XXX : don't care

(5) Timer Mode Setting Registers
Table 3.7 (3) shows the list of 8-bit timer modes.
Table 3.7 (3) Timer Mode Setting Registers

Register name T10MOD /T32MOD TFFCR
Name of functioninregister[ T10M/T32M PWM2 T1CLK/T3LK | TOCLK/T2CLK | TFF1IS/TFF3IS
Function Timer mode PWM cycle Upper timer input Lower timer Timer F/F invert
clock input clock signal select
* External clock
16-bit timer mode 01 - - (only Timer 0), -

$T1, 4T4, 4T16
(00,01, 10, 11)

L * Lower timer External clock | O: Lower timer
8-bittimer x 2 channels match, (only Timer 0), output
00 - $T1, 16,256 #T1, ¢T4, 4T16 1: Upper timer
(00,01, 10, 11) (00,01, 10, 11) output
* * * * External clock *
8-bit PPG x 1channel 10 - - (only Timer 0), -

#T1, T4, ¢T16
(00,01, 10, 11)

. * * * % External clock *
8-bit PWM x 1channel 11 26-1,27-1, 28-1 _ (only Timer 0), -
(01,10, 11) $#T71,4T4,4T16

(00, 01, 10, 11)

8-bit timer x 1channel 11 - #T1. 4716, 47256 - Output disabled

(01,10, 11)

Note :- ; Don’t care
*; Don’tsetin T1IOMOD
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3.8

16-bit Timers / Event Counters

The TMP93CS44 / TMP93CS45 contains two (timer 4 and timer 5) multifunctional 16-bit timer / event
counter with the following operation modes.

® 16-bitinterval timer mode
® 16-bit event counter mode
® 16-bit programmable pulse generation (PPG) mode
Can be used following operation modes by capture function.
® Frequency measurement mode
® Pulse width measurement mode
® Time differential measurement mode

Timer / event counter consists of 16-bit up-counter, two 16-bit timer registers, two 16-bit capture
registers (One of them applies double-buffer), two comparators, capture input controller, and timer flip-
flop and the control circuit.

Timer / event counter is controlled by 4 control registers: TAMOD/T5MOD, TAFFCR / TSFFCR, TRUN
and T45CR.

Figure 3.8 (1), (2) shows the block diagram of 16-bit timer / event counter (timer 4 and timer 5) .

Timer 4 and 5 can be used independently.
All timers operate in the same manner, and thus only the operation of Timer 4 will be explained below.
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Figure 3.8 (1) Block Diagram of 16-Bit Timer (Timer 4)
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Figure 3.8 (2) Block Diagram of 16-Bit Timer (Timer 5)
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6 : 5 i 4 i 3 i 2 i 1 i 0
T4MOD | bit Symbol . . CAPTIN iCAP12M1:CAP12MO: CLE | TACLK1 | TACLKO
(0038H) Read/Write R/W w R/W
After reset : o1 P00 o i o i 0o = o0

Function

i0: Soft-  :Capture timing
Capture ;|00: Disable

: . i INT4 occurs at risi

il:don't |

care INT4 occurs at risi

10:TIa1 T4

i INT4 occurs at falling
: edge.
11D TR TFRTY

i INT4 occurs atrisi

01: 1141 TI5p

5153|C4 i Timer 4 source clock
ear .
Enable : 00: Tl4 pin
L 01: 4T
L 10: 4T4
L 11:4T16

ng edge.

ng edge.

ng edge. :

]

\—>T|mer4 input clock

00 [ External clock (TI4)

L > Clearing the up-counter UC4

00 | Clear disable

01 | Clear by match with TREG5.

L s Capture timing of timer4

Capture control INT4 control

00 | Capture disable

CAP1 atTl4rise
CAP2 at TI5 rise
CAP1 atTl4 rise
CAP2 at Tl4 fall

CAP1 at TFF1 rise
CAP2 at TFF1 fall

Interrupt occurs at

the rising edge of

TI4 (INT4) input.
'|'?'1't'é]'5'r'a§{ "désd 'r's";~;'t1'c """"""
the falling edge o

TI4 (INT4) input. L

Interrupt occurs at
the rising edge of
TI4 (INT4) input.

Software capture

00 | The up-counter4 value is loaded to CAP1.

01 | Don’t care

Figure 3.8 (3) 16-Bit Timer Controller Register (T4MOD)
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6 | 5 R 2 i1 0
TAFFCR |bit Symbol | CAP2T4 : CAPIT4 | EQST4 : EQ4T4 | TFFACT | TFF4CO
(0039H) Read/Write R/W - w
After reset : 0 0 0 0 1 1
 TFF4 invert trigger 100: Invert TFF4
i01:Set  TFF4

Function

EO: Disable trigger
1: Enable trigger

i10: Clear TFF4

“11: don't care

Elnvertwhen Invertwhen ;Invertwhen ;Invertwhen
Ethe UCvalue the UCvaIueEthe ucC ;the ucC
;is loaded to is loaded to Ematches Ematches
{CAP2 ! cAP1 { TREGS { TREG4 §
| |
]
\—>Timer flip-flop 4 (TFF4) control
00 | Inverts the TFF4 value (software inversion).
01 |Sets TFF4 to “1”.
10 [Clear TFF4 to “0".
P
L s Timer flip-flop 4 (TFF4) invert trigger
00 [Trigger disable (Invert prohibition)
01 | Trigger enable (Invert permission)
CAP2T4 : Invert when the up-counter value is loaded to CAP2
CAP1T4 : Invert when the up-counter value is loaded to CAP1
EQ5T4 : Invert when up-counter matches TREG5
EQA4T4 : Invert when up-counter matches TREG4

Figure 3.8 (4) 16-Bit Timer 4 F/F Control (TAFFCR)
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TMP93CS44/TMP93CS45

T5MOD
(0048H)

5

4 i3 i 2

1 i 0

bit Symbol

L T5CLKT

| T5CLKO

Read/Write

: CAP3IN :CAP34M1 §CAP34|v|o§ CLE

w

RIW

After reset

1

o ¢ 0o i 0

o i 0

Function

EO: Soft-

i1: don't

care

:Capture timing
Capture :00: Disable :
i INT6 occurs at rising edge.
01: 7167 TI7® :
i INT6 occurs at rising edge.
(10:TI6T  TI6 :
i INT6 occurs at fall edge.

(11: TFE17

1 UCs
Clear
Enable :

TFF1 |,

i INT4 occurs at rising edge.

: Timer 5 source clock
: 00: TI6 pin

01 gT1

©10: T4

L 11:4T16

|

0

\—>Timer 5input clock
0

External clock (TI6)

L > Clearing the up-counter UC5

Clear disable

Clear by match with TREG7

L Timer 5 Capture timing

CAP4 at TFF1 fall

Capture control INT6 Control
00 | Capture disable | interrupt occurs at
CAP3atTl6rise |therisingedgeof
0T |caPaatTi7rise |TI6(INT6)input.
................................ -I'r'wut'é'r'r'ﬂ'ﬁ{"d'c'é'd'r;é'{wmm
10 Eﬁgi :H:g;gﬁ the falling edge of —\_
TI6 (INT6) input.
.| Interrupt occurs at
11 |CAP3atTFF1 rise 4 rising edge of  {

TI6 (INT6) input.

L »Software capture

The up-counter 5 value is loaded to CAP3.

Always read as “1”.

Figure 3.8 (5) 16-bit Timer Control Register (TSMOD)
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7 ¢ 6 i 5 i a4 i 3 i 2 i 1 i 9
T5FFCR | bit Symbol | CAPATG : CAP3T6 | EQ7T6 : EQ6T6 : TFF6CT | TFF6CO
(0049H) Read/Write R/W w
After reset 0 0 0 0 1 1
. éTFFGinverttrigger EOO:Invert TFF6
:0: Disable trigger i01:Set  TFF6

i10: Clear TFF6

1: Enable trigger :
; :11: don't care

Function Elnvertwhen élnvertwhen Elnvertwhen Elnvertwhen
;the UCvalue ;the UCvalue ;the uc ;the uc
is loaded to ;is loaded to matches matches
‘capa ‘cAp3 L TREG7 L TREG6 5
l I

~

\—>Timer flip-flop 6 (TFF6) control
00 [Inverts the TFF6 value (software inversion).

11 |Don't care.

L s Timer flip-flop 6 (TFF6) invert trigger
00 [Trigger disable (Invert prohibition)

01 [Trigger enable (Invert permission)

CAPAT6 : Invert when the up-counter value is loaded to CAP4
CAP3T6 : Invert when the up-counter value is loaded to CAP3
EQ7T6 : Invertwhen up-counter matches TREG7
EQ6T6 : Invertwhen up-counter matches TREG6

Figure 3.8 (6) 16-Bit Timer5 F/F Control (T5FFCR)
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7 . 6 ¢ 5 i 4 3 2 i 1 1 0
T45CR |bit Symbol | QcU . DBGEN : DB4EN
(003AH) [readrite| R/W RAW
After reset 0o S B R
Watchdog : i Double buffer
/Warming : : : : : : 0: Disable
Up Timer : : : : : i 1: Enable
Function |Control ' : : : .
: Double : Double
i bufferof | buffer of
: TREG6 TREG4

L Double buffer control

0 | Disable

1 | Enable

DB6EN : Double buffer of TREG6
DB4EN : Double buffer of TREG4

Watchdog Timer/Warming Up Timer input control
0 | Use 7 stage Binary Counter

1 |not Use 7 stage Binary Counter (note 1)

Note 1: In case of unused 7 state binary counter as a warming-up timer, the stable

clock must be input from external circuit.

Note2: Bit6to2 of T45CRIsread as “1"”.

Figure 3.8 (7) 16-bit Timer Trigger Control Register (T45CR)
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7 ¢ 6 5 i 4 i 3 i 2 i 1 i @
TRUN | bit Symbol | PRRUN  TS5RUN i T4RUN : T3RUN i T2RUN i TIRUN i TORUN
(0020H) Read/Write RW RW
Afterreset | 0 0 i 0o i 0o i o0 i 0o i o
Prescaler & Timer Run /Stop CONTROL
Function 0 : Stop & Clear
1 : Run (Count up)
L »Count Operation
0 |Stop and clear
1 | Count
PRRUN . Operation of prescaler
T5RUN . Operation of 16-bit timer (timer5)
T4RUN :  Operation of 16-bit timer (timer4)
N Bit 6 of TRUN i das 1" T3RUN : Operation of 8-bit timer (timer3)
ote:Bitbo Isread as “1". T2RUN . Operation of 8-bit timer (timer2)
T1RUN :  Operation of 8-bit timer (timer1)
TORUN :  Operation of 8-bit timer (timer0)
7 6 5 4 3 2 1 0
SYSCRO | bit Symbol XEN XTEN RXEN RXTEN RSYSCK WUEF PRCK1 PRCKO
(006EH) Read/Write R/W
After reset 1 0 1 0 0 0 0 0
High Low High Low selectclock |Warming U l¢oject gear value of high
. Frequency Frequency | Frequency Frequency after Timer frequency (fs)
Function | ocilator oscillator | oscillator oscillator released Owrite : 00 : frp
(fo) (fo) (fc) after (fc) after STOPmode | don'tcare § qq. ¢
0:stop 0:stop released released 0:fc 1write : 10:fc/16
1: oscillaton | 1: oscillaton [ STOP mode | STOP mode | 1:fs starttimer | 4. (reserved)
0:stop 0:stop Oread:
1: oscillaton | 1 : oscillaton end
warming
up
1read:
notend
warming
up

|—>select gear value of high frequency

01 [fs 1/4 times clock

11 | (reserved)

Figure 3.8 (8) Timer Operation Control Register / System Clock Control Register
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@ Prescaler

There are 9-bit prescaler and prescaler clock selection registers to generate input clock for 8-bit Timer
0,1, 2,3, 16-bit Timer 4, 5 and serial Interface 0, 1.
Figure 3.8 (9) shows the block diagram. Table 3.8 (1) shows prescaler clock resolution into 8, 16-bit

Timer.
———> to CPU
—0 |1
Syatem clock fsys
fEPH —>
FPH :5 9 bit prescaler
b —>|2|4|8 16|32|64|128|256|512|
e [ / v ¥
g $T1
7 ﬂ?e to8bit Timer0,1,2,3
—> $4T256
- SYSCRO
B <PRCK1, 0> 4T
(9] run/stop| 4T4 to 16 bit Timer 4,5
fs v &l 3716
XT1 3 ° clear
° wn
+ TRUN<PRRUN >
g ¢.1|.0 to serial Interface 0, 1
> SYSCR1<SYSCK> iTz
wv) T8
> —— 4732
fe fc,2 fc/4 fc/s fc/16 T _)
SYSCR1<GEAR2to 0>
X1 D—L> 2|als 1s|

Figure 3.8 (9) The Block Diagram of Prescaler

Table 3.8 (1) Prescaler Clock Resalation to 8, 16 bit Timer
at fc=20 MHz, fs = 32.768 kHz

Select system |Select prescaler G | Prescaler Clock Resolution
clock clock earva 2ue
<SYSCK>  |<PRck1,0> | <GEAR2t00> 4T 474 4T16 47256
1(fs) XXX fs193 (244 ps) |Ts125 (977 ps) |Ts727 (3.9 ms)  |Ts/211 (62.5 ms)
000 (fc) feio3 (0.4 us) |Teras (1.6 us) |Te27 (6.4 4s)  |Tr211 (102.4 o)
00 001 (ferp) feipa (0.8 us) |Tera6 (3.2u8) |T/28 (12.8 ps) | T</212 (204.8 1)
(frpm)
0 (fo) FPH 010(fca)  |foras (1.6,8) |fera7 (6.4 1) |Fer20 (25.6 1) |Tc/213 (409.6 us)

011 (fe/g) feipe (3.2 us) |TCr8 (12.8 1) |T€210(51.2 ps) | T€/214(819.2 us)

100(fcr1g)  |f<ra7 (6.4 ps) |T¢/p9 (25.6 us) |fe/211(102.4 1s) [fC/215(1.6384 ms)

01

XXX XXX fs/p3 (244 ps) |Ts/25 (977 ws) |Ts/27 (3.9 ms)  |Ts/211 (62.5 ms)
(low frequency clock)
XXX 10 (note) XXX fcl7 (6.4 4s) |T<i29 (25.6 us) |T/211(102.4 us) |Fc/z15(1.6384 ms)
7 . S, 9 . S, 1" . S, 15(1. ms,
(f¢/16 clock) 2 iz 2 Iz 2 iz 2
XXX : don't care e« 16 bit Timer —8 >

(Note) Thefc/1gclock as a prescaler clock cannotbe |l«— ghit Timer
used when the fs is used as a system clock.
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The clock selected among frpyy clock, fe/ 16 clock, and fs clock is divided by 4 and input to this prescaler.
This is selected by prescaler clock selection register SYSCRO<PRCK1, 0>.

Resetting sets <PRCK1, 0> to “00”, therefore frpy / 4 clock is input.

The 16 bit Timer 4, 5 selects between 3 clock inputs : ¢T1, T4, and 4T16 among the prescaler outputs.
This prescaler can be run or stopped by the timer operation control register TRUN <PRRUN>.
Counting starts when <PRRUN > is set to ‘1’, while the prescaler is cleared to zero and stops operation
when <PRRUN > is set to ‘0’

When the IDLE1 mode (operates only oscillator) is used, set TRUN<PRRUN> to ‘0’ to stop this
prescaler before ‘HALT’ instruction is executed.

Up-counter

UC4 is a 16-bit binary counter which counts up according to the input clock specified by
T4MOD <T4CLK1,0 > register.

As the input clock, one of the internal clocks ¢T1, ¢T4, and 4T16 from 9-bit prescaler (also used for 8-bit
timer), and external clock from TI4 pin (also used as P42 /INT4 pin) can be selected. When reset, it will
be initialized to <T4CLK1,0> =00 to select TI4 input mode. Counting or stop & clear of the counter is
controlled by timer operation control register TRUN <T4RUN >.

When clearing is enabled, up-counter UC4 will be cleared to zero each time it coincides matches the
timer register TREG5. The “clear enable/disable” is set by TAMOD <CLE >.

If clearing is disabled, the counter operates as a free-running counter.

A timer overflow interrupt (INTTO4) is generated when UC4 overflow occurs.

Timer Registers

These two 16-bit registers are used to set the interval time. When the value of up-counter UC4 matches
the set value of this timer register, the comparator match detect signal will be active.

Setting data for timer register (TREG4 and TREGS5) is executed using 2 byte date transfer instruction
or using 1 byte date transfer instruction twice for lower 8 bits and upper 8 bits in order.

Timer 4 T
Upper 8 bits | Lower 8 bits Upper 8 bits | Lower 8 bits
............ 000031H 000030H ....000033H ~ 000032H
Timer 5 G

Upper 8 bits | Lower 8 bits Upper 8 bits | Lower 8 bits
00004 1H 000040H 000043H 000042H
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TREGH4 to 7 are write-only registers, so they can not be read by software.

TREG4 timer register is of double buffer structure, which is paired with register buffer. The timer
control register T45CR<DB4EN > controls whether the double buffer structure should be enabled or
disabled. : disabled when <DB4EN > =0, while enabled when <DB4EN > =1,

When the double buffer is enabled, the timing to transfer data from the register buffer to the timer
register is at the match between the up-counter (UC4) and timer register TREGS5.

After reset, TREG4 and TREG5 are undefined. To use the 16-bit timer after reset, data should be
written beforehand.

When reset, it will be initialized to <DB4EN > =0, whereby the double buffer is disabled. To use the
double buffer, write data in the timer register, set <DB4EN > =1, and then write the following data in
the register buffer.

TREG4 and register buffer are allocated to the same memory addresses 000030H / 000031H. When
<DB4EN > =0, same value will be written in both the timer register and register buffer. When
<DBA4EN > =1, the value is written into only the register buffer.

@ Capture Register

These 16-bit registers are used to latch the values of the up-counter.
Data in the capture registers should be read by a 2-byte data load instruction or two 1-byte data load
instruction, from the lower 8 bits followed by the upper 8 bits.

CAP 1 CAP 2
Upper 8 bits | Lower 8 bits Upper 8 bits | Lower 8 bits
............ 000035H .000034H ........000037H  000036H
Timer 5CAP3 ................................................................. SR
Upper 8 bits | Lower 8 bits Upper 8 bits | Lower 8 bits
000045H 000044H 000047H 000046H

CAP 1 to 4 are read-only registers, so it cannot be written by software.
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®

®

Capture Input Control

This circuit controls the timing to latch the value of up-counter UC4 into CAP1, CAP2, The latch
timing of capture register is controlled by register TAMOD <CAP12M 1,0>.

® When T4AMOD <CAP12M 1,0>=00
Capture function is disabled. Disable is the default on reset.
® When T4AMOD <CAP12M1, 0> =01

Data is loaded to CAP1 at the rise edge of TI4 pin (also used as P42/INT4) input, while data is
loaded to CAP2 at the rise edge of TI5 pin (also used as P43 /INT5) input.

® When T4MOD <CAP12M1, 0> =10

Data is loaded to CAP1 at the rise edge of TI4 pin input, while to CAP2 at the fall edge. Only
in this setting, interrupt INT4 occurs at fall edge.

® When T4AMOD <CAP12M1, 0> =11
Data is loaded to CAP1 at the rise edge of timer flip-flop TFF1, while to CAP2 at the fall edge.

Besides, the value of up-counter can be loaded to capture registers by software. Whenever “0” is written
in TAMOD < CAPI1IN > the current value of up-counter will be loaded to capture register CAP1. It is
necessary to keep the prescaler in RUN mode (TRUN <PRRUN > to be “1”).

Comparator

These are 16-bit comparators which compare the up-counter UC4 value with the set value of (TREG4,
TREGS5) to detect the match. When a match is detected, the comparators generate an interrupt
(INTTR4, INTTR5) respectively. The up-counter UC4 is cleared only when UC4 matches TREGS5 (The
clearing of up-counter UC4 can be disabled by setting TAMOD <CLE > =0).

Timer flip-flop (TFF4)

This flip-flop is inverted by the match detect signal from the comparators and the latch signals to the
capture registers. Disable / enable of inversion can be set for each element by TAFFCR<CAP2T4,
CAP1T4,EQ5T4, EQAT4>. After reset, the value of TFF4 is undefined. TFF4 will be inverted when
“00” is written in TAFFCR<TFF4C1,0>. Alsoitis set to “1” when “01” is written, and set to “0” when
“10” is written. The value of TFF4 can be output to the timer output pin TO4 (also used as P44). Timer
output should be specified by the function register of Port 4. (See Register for Port 4 in figure 3.5. (11).)
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(1

(2)

16-bit Timer Mode

Generating interrupts at fixed intervals

In this example, the interval time is set in the timer register TREG5 to generate the interrupt INTTRS.

~ 7
TRUN  « -
INTET54 « 1
T4FFCR  « X
TAMOD  « X
TREGS  « *

*

| TRUON  « 1

6 54
X -0
100

X00
X190

0
0

01
1 *
(**=01,10,11)

% ok ok ook ook sk ok

1

&

ok ok ok ok ok ok

X-1----

Note: X;don’t care

16-bit Event Counter Mode

Stop timer 4.

Enable INTTR5 and sets interrupt level 4. Disable
INTTRA.

Disable trigger.

Select internal clock for input and
disable the capture function.
Set the interval time (16 bits).

Start timer 4.

- ;no change

In 16-bit timer mode as described in above, the timer can be used as an event counter by selecting the
external clock (TI4 pin input) as the input clock. To read the value of the counter, first perform
“software capture” once and read the captured value.

The counter counts at the rise edge of TI4 pin input.

TT4 pin can also be used as P42 /INT4.
Since both timers operate in exactly the same way, timer 4 is used for the purposes of explanation.

_ 7
TRUN € -
INTET54 « 1
T4FFCR « X
TAMOD « X
TREGH  « *

| TRUN «1

& ok ok

X-1

Note: X;don’t care
When used as an event counter, set the prescaler in RUN mode.

(TRUN <PRRUN > =“1")

PACR ¢ - - - - - -

10
- - Stop timer 4.
0 - Set P42 to input mode
00 Enable INTTR5 and sets interrupt level 4, while
disables INTTR4.
1 Disable trigger.
0 Select Tl4 as the input clock.
* % Set the number of counts (16 bits).
- - Start timer 4.
- ;no change
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3)

16-bit Programmable Pulse Generation (PPG) Output Mode

Square wave pulse can be generated at any frequency and duty by timer 4. The output pulse may be
either low-active or high-active.
The PPG mode is obtained by inversion of the timer flip-flop TFF4 that is to be enabled by the match of
the up-counter UC4 with the timer register TREG4 or 5 and to be output to TO4 (also used as P44). In
this mode, the following conditions must be satisfied.

(Set value of TREG4) < (Set value of TREG5)

[ T45CR
TRUN
TREG4
TREG5
T45CR

T4FFCR
T4MOD
P4CR

PAFC
| TRUN

Note : X ; don’t care

A

<«

«

«

Match with TREG4
(interrupt INTTR4)

Match with TREG5
(interrupt INTTR5)

TO4 pin

* >X X O
* O X
>
I
o

*
*
*
*
*
*%
*

X1001=*=
(** =01, 10, 11)
_..1.___..
XX1XX-X
X-1----

1

J

- ;no change

Double Buffer of TRG4 disable

Stop timer 4.

Set the duty. (16-Bit)

Set the cycle. (16-Bit)

Double Buffer of TREG4 enable

(Change the duty and cycle at the interrupt INTTR5)
Set the mode to invert TFF4 at the match with
TREG4 / TREGS5, and also set the TFF4 to “0”.

Select the internal clock for the input, and disable
the capture function.

Assign P44 as TOA4.
Start timer 4.

| —

ouu

Figure 3.8 (10) Programmable Pulse Generation (PPG) Output Waveforms
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When the double buffer of TREG4 is enabled in this mode, the value of register buffer 4 will be shifted in
TREG4 at match with TREGS5. This feature makes easy the handling of low duty waves.

| I

Match with TREG4 Treourter =, Uocounter =G
Match with TREG5 A-
atchwi [ Shiftinto the TREGS
TREG4 y
(value todb)e Q1 X Q2
compare ﬁ\
Register buffer Q2 X Q3

Write into the TREG4

Figure 3.8 (11) Operation of Register Buffer

Shows the block diagram of this mode.

TRUN<T4RUN>

TO4 (PPG output)
T4 ;¥?_> <J A
$T1—> 16-Bit up-counter F/F
—>| Selector clear
ﬁ{g_, ucs (TFF4)
match
16-Bit Comparator 16-Bit Comparator
AN 2\
TREG4
PAN
Selector
TREG4-WR —>
Register buffer 4 TREG5

T45CR<DB4EN>

i i

Internal bus

Figure 3.8 (12) Block Diagram of 16-Bit PPG Mode
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(4) Application Examples of Capture Function
Used capture function, they can be applied in many ways, for example:
@ One-shot pulse output from external trigger pulse
@ Frequency measurement
(® Pulse width measurement
@ Time difference measurement
@ One-shot Pulse Qutput from External Trigger Pulse

Set to TAMOD <CAP12M1, 0> =01.

Set the up-counter UC4 in free-running mode with the internal input clock, input the external trigger
pulse from TI4 pin, and load the value of up-counter into capture register CAP1 at the rise edge of the
TI4 pin.

When the interrupt INT4 is generated at the rise edge of TI4 input, set the CAP1 value (c) plus a delay
time (d) to TREG4 (= ¢+d), and set the above set value (¢+d) plus a one-shot pulse width (p) to TREG5
(= ¢+d+p). When the interrupt INT4 occurs the TAFFCR<EQ5T4, EQ4AT4 >register should be set
“11” and that the TFF4 inversion is enabled only when the up-counter value matches TREG4 or
TREG5. When interrupt INTTR5 occurs, this inversion will be disabled after one-shot pulse is output.
The (c), (d) and (p) correspond to ¢, d and p in figure 3.8 (13).

(’ Set the counter in free-running mode.

Count clock JH”“H”L____J"”“HL__M__M__-

(internal clock) C c+d c+d+p
Tl4 pin input l
(external trigger pulse) .k Load the up-counter value into Capture
[}

i ~ Register 1 (CAP1) INT4 occurred

Al

1
Match with TREG4 : !
: ] i INTTR5 occurred
| Inversion ' r i
i enable ! /ﬂ i
Match with TREG5 — - ; : I
1 Disablesinversion\ | |nversion | !
i caused byloading \ | anable I
I of the up-counter ‘
Timer output pin TO4 ;/"a'“e'”mCAm' ,
I
E Delay time i Pulse width i
. i !

(d) (p) 010289

Figure 3.8 (13) One-Shot Pulse Output (with Delay)
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Setting example To output 2 ms one-shot pulse with 3 ms delay to the external trigger pulse to TI4
pin
%  Clock Condition
system clock . High frequency (fc)
clock gear : 1(fe)
prescalerclock : frFpH
i i Keep counting (Free-runnig)
Main setting
_ ,_,l Countwith ¢T1.
T4MOD « --101001
‘_l_' Load the up-counter value into CAP1 at the rise edge
TAFFCR« XX 000010 of Tl4 pin input.
Clear TFF4 to zero.
Disable TFF4 inversion.
P4ACR ¢ - --1----
PAFC ¢« - XX 1 XX - X } Select P44 as the TO4 pin.
INTE45 ¢« - ---1100 Enable INT4, and disable INTTR4 and INTTR5.
INTET4¢ 10001000
_LTRUN <« 1 X-1-- - - Start timer 4.

Setting of INT4

[TREG4 « CAP1+3ms/4T1

TREGS <« TREG4+2ms/¢4T1

T4AFFCR « X X - -11 - -
Enable TFF4 inversion when the up-counter value
matches TREG4 or 5.

_INTETA4¢« 1100 - - - - Enable INTTR5.

Setting of INTTR5

TAFFCR ¢ X X - - 00 - -
Disable TFF4 inversion when the up-counter value
matches TREG4 or 5.

INTET64¢« 1000 - - - - Disable INTTR5.

Note: X;don’t care - ;no change

When delay time is unnecessary, invert timer flip-flop TFF4 when the up-counter value is loaded into
capture register 1 (CAP1), and set the CAP1 value (c) plus the one-shot pulse width (p) to TREG5 when
the interrupt INT4 occurs. The TFF4 inversion should be enabled when the up-counter (UC4) value
matches TREGS5, and disabled when generating the interrupt INTTRS.
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Count clock ""”""” """"" """""

(internal clock)

Tl4 pin input

rnal tri r pul - 1 d the up-counter value into Capture
(external trigger pulse) § Reglster1 FCAP1 INT4 occurred P

Load the up-counter value into

1
I
1 1

i 2~ INTTRS E Capture Register 2 (CAP2).
Match with TREGS ! /" occurred !
i Inversion i i
! enable H !
Timer output pin TO4 \i !
/ ! Pulse width E /

Enables inversion caused : (p) ! Disables inversion caused by loading of

by loading of the up-

. the up-counter value into CAP2.
counter value into CAP1.

010289

Figure 3.8 (14) One-Shot Pulse Output (without Delay)

@ Frequency Measurement

The frequency of the external clock can be measured in this mode. The clock is input through the TI4
pin, and its frequency is measured by the 8-bit timers (Timer 0 and Timer 1) and the 16-bit timer / event
counter (Timer 4),

The TT4 pin input should be selected for the input clock of Timer 4. Set to TAMOD<CAP12M1,0> =11.
The value of the up-counter is loaded into the capture register CAP1 at the rise edge of the timer flip-
flop TFF1 of 8-bit timers (Timer 0 and Timer 1), and into CAP2 at its fall edge.

The frequency is calculated by the difference between the loaded values in CAP1 and CAP2 when the
interrupt INTTO or INTT1) is generated by either 8-bit timer.

Count clock """""" - __JI.".".". ______

(internal clock) C1 C2

TFF1 1

C1

Loading UC16 into CAP1 \

Loading UC16 into CAP2

= ial——— pialy I
(@]
N

INTTO/INTT1

010289
Figure 3.8 (15) Frequency Measurement

For example, if the value for the level “1” width of TFF1 of the 8-bit timer is set to 0.5 s and the
difference between CAP1 and CAP2 is 100, the frequency will be 100+ 0.5 [s]=200[Hz].
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® Pulse Width Measurement

This mode allows to measure the “H” level width of an external pulse. While keeping the 16-bit timer /
event counter counting (free-running) with the internal clock input, the external pulse is input through
the T14 pin. Then the capture function is used to load the UC4 values into CAP1 and CAP2 at the rising
edge and falling edge of the external trigger pulse respectively. The interrupt INT4 occurs at the falling
edge of TI4.

The pulse width is obtained from the difference between the values of CAP1 and CAP2 and the internal
clock cycle.

For example, if the internal clock is 0.8 microseconds and the difference between CAP1 and CAP2 is
100, the pulse width will be 100 X 0.8 xs = 80 us.

Additionally, the pulse width which is over the UC4 maximum count time specified by the clock source
can be measured by changing software.

Count clock JH”“H[" rmﬂm] o

(internal clock) I c2

L [
|

T4 pin
(external pulse)

1
Loading UC16 into CAP1 <

Loading UC16 into CAP2

— = 1 """
(@]
N

INT4 010289

Figure 3.8 (16) Pulse Width Measurement

Note : Only in this pulse width measuring mode (T4MOD <CAP12M1, 0> =10), external interrupt INT4
occurs at the falling edge of TI4 pin input. In other modes, it occurs at the rising edge.

The width of “L” level can be measured from the difference between the first C2 and the second C1 at
the second INT4 interrupt.

The width of “L” level can be measured by multiplying the difference between the first C2 and the
second C1 at the second INT4 interrupt and the internal clock cycle together.
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@ Time Difference Measurement

This mode is used to measure the difference in time between the rising edges of external pulses input
through TI4 and TI5.

Keep the 16-bit timer / event counter (Timer 4) counting (free-running) with the internal clock, and load
the UC4 value into CAP1 at the rising edge of the input pulse to TI4. Then the interrupt INT4 is
generated.

Similarly, the UC4 value is loaded into CAP2 at the rising edge of the input pulse to TI5, generating the
interrupt INT5,

The time difference between these pulses can be obtained from the difference between the time counts at
which loading the up-counter value into CAP1 and CAP2 has been done.

The time difference between these pulses can be obtained by multiplying the value subtracted CAP 1
from CAP 2 and the internal clock cycle together at which loading the up-counter value into CAP 1 and
CAP 2 has been done.

Count clock """"" —_——— __JI."."."."_ _____

(internal clock) 1 2

i1

Tl4 pininput //

TI5 pininput

47

/
N\

\
X

Loading UC16 into CAP1 (

Loading UC16 into CAP2 \

INT4

INT5

Time difference

010289

fﬂ
i

=1

Figure 3.8 (17) Time Difference Measurement
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3.9 Serial Channel

TMP93CS44 / TMP93CS45 contains 2 serial I/O channels for full duplex asynchronous transmission
(UART) as well as for I/O extension.
The serial channel has the following operation modes.

® I/O interfacemode @ ———— Mode O : To transmit and receive I/O data using the
(channel 0 and 1) synchronizing signal SCLK for extending I/O.

Mode 1 : 7-bitdata
® UART mode Mode 2 : 8-bitdata

(channel 0 and 1) Mode 3 : 9-bitdata

In mode 1 and mode 2, a parity bit can be added. Mode 3 has wake-up function for making the master
controller start slave controllers in serial link (multi-controller system).
Figure 3.9 (1) shows the data format (for one frame) in each mode.

Serial Channel 0 and 1 can be used independently.

® Mode 0 (l/0 interface mode)

-----

o

o~
=
o
>
>
>
w
>
B
>
19,1
>
[+)]
>
~

-«— Transfer direction

® Mode 1(7-bit UART mode)

"\l DDE,
T\ OEEN

® Mode 2 (8-bit UART mode)

N\ DEDE
T\ EOEEN,

® Mode 3 (9-bit UART mode)

N

6 )/stop
Xparit) stop

Y
ey

" N\atar foroX 7 X 2 X X X W X7 X Yoo
\starthitOX 1 X 2 X 3 X 4 X 5 X X 7 Xbitsystop (.V.V.alke-up)

When bit 8 = 1, address (select code) is denoted.
When bit 8 = 0, data is denoted.

S
)]

Y
[=)]

N
(=}]

N

> O>< > <
(%]

> o< > > o<
[=}]

[

Figure 3.9 (1) Data Formats
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3.9.1

The serial channel has a buffer register for transmitting and receiving operations, in order to
temporarily store transmitted or received data, so that transmitting and receiving operations can be
done independently (full duplex).

However, in I/O interface mode, SCLK (serial clock) pin is used for both transmission and receiving, the
channel becomes half-duplex.

The receiving data register is of a double buffer structure to prevent the occurrence of overrun error and
provides one frame of margin before CPU reads the received data. The receiving data register stores the
already received data while the buffer register receives the next frame data.

By using CTS and RTS (there is no RTS pin, so any 1 port must be controlled by software), it is possible
to halt data send until the CPU finishes reading receive data every time a frame is received.
(Handshake function)

In the UART mode, a check function is added not to start the receiving operation by error start bits due
to noise. The channel starts receiving data only when the start bit is detected to be normal at least
twice in three samplings.

When the transmission buffer becomes empty and requests the CPU to send the next transmission data,
or when data is stored in the receiving data register and the CPU is requested to read the data, INTTX
or INTRX interrupt occurs. Besides, if an overrun error, parity error, or framing error occurs during
receiving operation, flag SCOCR / SC1CR<OERR, PERR, FERR > will be set.

The serial channel 0/ 1 includes a special baud rate generator, which can set any baud rate by dividing
the frequency of 4 clocks (¢T0, ¢T2, ¢ T8, and ¢T32) from the internal prescaler (shared by 8-bit/ 16-bit
timer) by the value 1 to 16. In addition, serial channel 0/ 1 can operated by using external input clock
(SCLK).

In I/O interface mode, it is possible to input synchronous signals as well as to transmit or receive data by
external clock.

Control Registers

The serial channel 0 is controlled by 3 control registers SCOCR, SCOMOD and BROCR. Transmitted
and received data are stored in register SCOBUF.
The serial channel 1 has same registers (SC1CR, SC1IMOD, BR1CR and SC1BUF).
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7 e o5 foa i3 b2 b1 o
bitSymbol | TB8 i CTSEO i RXE i WU : SM1 : SMO i SC1 i SCO
e
After reset |Undefined: 0 : 0 : 0 : 0 : 0 : 0 : 0
Transfer :Hand ‘Receiving : Wake up Serial transmission  Serial transmission
data ishake  :Function ;Function :mode iclock (UART)
Bit8 EFunction 0 R.eceiveé 500: I/0 interface 500: TO2 Trigger
Function L g:caebiileego; disable!  mode 01: baud rate
{0:CTSO0 i enable | 1: Enable i01: 7-bit UART : generator0
© disable’ : 10: 8-bit UART 110: Internal clock @1
1: CTSO 1 1: 9-bit UART 1 1: External clock
i enable: © (SCLKOinput)
| | | | | |

|

|—> Serial transmission clock (For UART mode)

00 [Timer 2 match detect signal

11 | External clock (SCLKO input)

—> Serial transmission mode

00 [1/O Interface mode

1 9-bit length

> Wake up Function
(Don't care in the modes other than 9-bit UART)

0 [Disable

1 |Receive Enable

Hand shake function (CTSO Pin) enable

0 [Disable (always Transferable)

1 |Enable

Transmission data bit 8

8-bit UART mode (parity) | Stores transmission parity bit

9-bit UART mode Stores transmission data bit 8

Figure 3.9 (2) Serial Mode Control Register (channel 0, SCOMOD)
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7 6 5 4 3 2 0
SCOCR bit Symbol RB8 EVEN PE OERR PERR FERR SCLKS : 10C
R i R R/W : R(cleared to Zero when read R/W
(0051H) ead/Write : . : ( : F ) \
After reset [Undefined: 0 0 0 0 0 0 : 0
Received gParity EParity 0 SCLKO 0 Baud Rate
M : : : V. bau a
data i0: 0dd iaddition : 1: error : (J_> :
Bit8 :1:Even :0: Disable; : | Generator
. e :0: T S oo 1. SCLKO
Function :1: Enable : . : ) :1:SCLKO
: : Overrun : Parity : Framing : ! Pin input
: ' 1
|

Serial transmission clock
(For 1/O interface mode) (Note1)

Baud rate generater

1 [SCLKO Pininput

Edge selection in SCLK pin input mode

Transmits and receives ( J_ )
data at rise edge of SCLK

Transmits and receives ( Q )
data at fall edge of SCLK

L———>Framing error flag
—————>Parity error flag

lCIeared to Zero
when read.
—>Overrun error flag J

Enable parity addition

(Note 2)

Prohibition (disable)

1 |Permission (enable)

ition / check of even parity

Odd parity

1 |Even parity

Receving data bit

8

8-bit UART mode (parity)

9-bit UART mode

Stores received parity bit

Stores received data bit 8

Note 1 :To use baud rate generator, set TRUN <PRRUN > to “1, putting the prescaler in RUN mode.
Note 2 : As all error flags are cleared after reading, do not test only a single bit with a bit-testing
instruction.

Figure 3.9 (3) Serial Control Register (channelQ, SCOCR)

93CS44-127




TOSHIBA TMP93CS44/TMP93CS45

7 ¢ 6 i s i o4 i o3 i 2 i 1 i o
BROCR | bit Symbol — : BROCK1 : BROCKO : BROS3 : BR0OS2 : BROS1 : BROSO
(0053H) Readwrite | RW RIW
Afterreset | 0 0 i 0 i 0 i 0 i 0 i 0
(Note) | 00: 4TO |
Always : :
Function write“O”é 501:751-2 Setting of the Divided frequency
: £10: 478 :
L1 432
| |

Setting of the divided frequency
of baud rate generator

0000 |16divisions

0001 | 1division (not divided)
to to
1111 |15 divisions

(Note 2)

L———— > Selecting the input clock of
baud rate generator

00 [Internal clock ¢TO

11 |Internal clock ¢T32

Notel : To use baud rate generator, set TRUN <PRRUN >to “1”, putting the prescaler in RUN

mode.

Note2 : “1 division” of baud rate generator can be used only UART mode. Do not setitin I/O

interface mode.

Note3 : Bit 6 of BROCR is read as “1”.
Note4 : Don’t read from or write to BROCR register during sending or receiving.

SCOBUF
(0050H)

Prohibit
read-modify-
write

Figure 3.9 (4) Serial Channel Control (channel 0, BROCR)

7 i 6 i 5 i o4 i 3 i 2 i 1 i 0
, RBO7 : RBO6 : RBO5 : RBO4 : RBO3 : RBO2 : RBO1 : RBOO
bit Symbol : : : : : : :
TBO7 : TBO6 : TBOS : TBO4 : TBO3 : TBO2 : TBO1 : TBOO
Read/Write R (Receiving) / W (Transmission)
After reset Undefined

Figure 3.9 (5) Serial Transmission / Receiving Buffer Registers (channel 0, SCOBUF)
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7 ¢ 6 ¢ 5 i 4 ¢ 3 ¢ 2 i 1 i 0
bitSymbol [ TB8 i CTSE1 : RXE : WU : SM1 i SMO : SCI i SCO
S(g:)';AG(E{? Read/Write : : : R/W : : :
After reset |Undefined: 0 : 0 : 0 : 0 : 0 : 0 : 0
Transfered | Hand ;Receiving i Wake up iSerial Transmission  Serial Transmission
data shake ‘Function :Function imode iclock (UART)
Bits :0:CTS1 :0: Receive:0: disable :00: /O interface {00: TO2 Trigger
: disableé disable§1:enable§ mode 501:Baud rate
Function {1:CTS1 i1: Receive' {01: 7-Bit UART generator
. enable Enable 510: 8-Bit UART 510: Internal clock @1
: : i11: 9-Bit UART i11: Exterrnal clock
: ! (SCLK1input)

| | | | I

|—> Serial transmission clock (For UART mode)

00 |Timer 2 match detect signal

11 |Exterrnal clock (SCLK1 input)

Note: The clock selection for the I/O interface
mode is controlled by the serial control
register (SC1CR).

—> Serial transmission mode

00 [1/O interface mode

o . 7:Bitlength

10 |UART mode {.sitlength

1 9-Bit length
—

Wake up Function
(Don’t care in the modes other than 9-bit UART)

0 |Disable

1 |Enable

Receiving control

0 |Receive disable

1 |Receive enable

Hand shake function (CTS1 Pin) enable

0 |Disable (Always Transferable)

1 |Enable

Transmission data bit 8

8-bit UART mode (parity) | Stores transmission parity bit

9-bit UART mode Stores transmission data bit 8

Figure 3.9 (6) Serial Mode Control Register (Channel 1, SC1IMOD)
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7 i 6 5 4 3 0 2 1 o1 i oo
bitSymbol | RB8 : EVEN PE OERR PERR : FERR : SCLKS : lOC
((S)gggﬁ) Read/Write R R/W R (clear to Zero when read) R/W
After reset |Undefined: 0 0 0 0 0o ¢ 0 i 0
Received EParity EParity 0: SCLK1 : .
data :0:0dd iaddition : error Lo Dipeudrate
) i : . : : (J ) :  generator,
Bit8 :1:Even :0:Disablei......cccocoooiii : . SCLK1
Function : i1: Enable | . : U EX- (o 1 4
: : Overrun : Parity  : Framing : . Pin input
| | v
| | | |

—— > Parity error flag
——> Overrunerror flag

l_, Serial transmission clock
(For I/0 interface mode) (Note1)

0 |Baud rate generate

1 [SCLK1Pininput

—> Edge selection in SCLK pin input mode

Transmits and receives ( f )
data at rise edge of SCLK

Transmits and receives ( 1 )
data at fall edge of SCLK

——> Framing error flag Cleared to Zero

when read

Enable parity addition
0 |Disable

Addition/ check of even parity
0 |Odd Parity

1 |Even Parity

Receiving data bit 8

8-bit UART mode (parity) |Stores transmission parity bit

9-bit UART mode Stores transmission data bit 8

Note 1:To use baud rate generator, set TRUN <PRRUN > to “1”, putting the prescaler in RUN
mode.
Note 2 : As all error flags are cleared after reading, do not test only a single bit with a bit-testing
instruction.

Figure 3.9 (7) Serial Control Register (Channel 1, SC1CR)
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7 6 ¢ s i a4 i 3 i 2 i 1 i g9
BRICR | bit Symbol — : BR1CK1 : BRICKO : BR1S3 @ BR1S2 : BRIS1 @ BRI1SO
(0057H)| Read/write | R/W : R/W
After reset 0 0 0 0 0 0 0
(Note) 00: ¢T0
Always : :
Function write "0” 01: ¢T2 Setting of the Divided frequency
i 10: 478 :
L 11: 4732
|

Setting of the divided frequency of baud rate
generator

0000 |16divisions

0001 | 1division (not divided)
to to
1111 | 15divisions

(Note 2)

L 5 Selectingtheinputclock of baud rate generator

00 |Internal clock ¢TO

11 |Internal clock ¢T32

Notel : To use baud rate generator, set TRUN <PRRUN >to “1”, putting the prescaler in RUN

mode.

Note2 : “1 division” of baud rate generator can be used only UART mode. Do not setitin I/O

interface mode.

Note3: Bit 6 of BRICR is read as “1”.
Note4 : Don’t read from or write to BR1ICR register during sending or receiving.

Figure 3.9 (8) Baud Rate Generator Control Register (channel 1, BR1CR)

SC1BUF 7 6 5 ¢ 4 o+ o3 i o2 i1 i
(0054H) : ; - : -
. RB17 RB16 RB15 : RB14 : RB13 : RB12 : RB11 : RB10
bit Symbol : : : : :
" TB17 TB16 TB15 : TB14 : TB13 : TB12 : TB11 : TB10
Prohibit
read-modify- | Read/Write R (Receiving) / W (Transmission)
write After reset Undefined

Figure 3.9 (9) Serial Transmission / Receiving Buffer Registers (channel 1, SC1BUF)
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6 5 3 2 i1 i o0
peFC | bitSymbol P65F P63F i PB2F ! :  PGOF
(0016H)| Read/write w woiwW Pow
After reset : 0 : 0 0o 0
. { 0:PORT i : 0:PORT i 0:PORT i 0: PORT
Function : : : : : :
¢ 1:SCLK1 : : 1:TxD1 @ 1:SCLKO : ¢ 1: TxDO
]
Prohibit Read |—>Setting TXDO output P60
modify write
0 [Port
1 |TxDO0 output (Channel 0)
L—>-Setting SCLKO output P62
0 |Port
1 [SCLKO output (Channel 0)
L > Setting TXD1 output P63
0 |Port
1 [TxD1 output (Channel 1)
Setting SCLK1 output P65
0 |Port
1 |SCLK1 output (Channel 1)
Figure 3.9 (10) Port 6 Function Register (P6FC)
6 5 3 0 F 2§ o1 i
ODE | bitSymbol ODE34 : ODE33 ;| ODE63 : ODE60
(0058H)| Read/write RIW
After reset 0 0 0 0
i P34 | P33 i P63 | P60
. 0: CMOS i0: CMOS :0: CMOS :0: CMOS
Function : : : :
21: OPEN 51: OPEN 21: OPEN 51: OPEN
Drain : Drain i Drain i Drain
— | |

Note : Bit 7 to 4 of ODE are read as “1”.

I—>Setting P60 as Open-drain output
0 |CMOS output

1 |Open-drain output

L »Setting P63 as Open-drain output
0 |CMOS output

1 |Open-drain output

L—————Setting P33 as Open-drain output

0 |CMOS output

1 |Open-drain output

L »Setting P34 as Open-drain output

0 |CMOS output

1 |Open-drain output

Figure 3.9(11) Port3/Port 6 Open Drain Enable Register (ODE)
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3.9.2 Configuration
Figure 3.9 (12) shows the block diagram of the serial channel 0.

————————— Serial clock generation circuit —----=---=--=----coo-uoouy

BROCR<BROCK1,0>  External TO2TRG
r loc (Timer 2 comparator output)

1C
£<BROS3tOO>:

i H
1 1
1 1
1 1
i i
H i ¥ 1 H
1 ! . = H ‘5 ‘5 1
| o @ ; 2 | UARTmode | & | SIOCLK
] 19 [ 1 W W 1
! [ R el © @ !
! [ @ [ [ o H
I v o : v v 1
1 1 1
i L o ! t tr o
! ‘- bau ”atte S SCOMOD SCOMOD !
! System generator <sC1,0> <SM1,0> !
| clock /fsys ($1) LD i
1
I +2 ~ ]
i 2 | vointerface mode i
1 v
i o i
: g :
ScLKoCH i
(Shared | j
$37 -7 T
SCOCR
<l0C>
SCLKO [T
(Shared by P62) INT?XO IN';TXO
Receive SCOMOD Serial channel Transmission
—| int t
counter <Wu> ::r;:tr,r;p counter
RXDCLK Y A TXDCLK y A
SCOMOD , < —
< RXE >—>| Receive Transmission
control < > control CTSO
SCOCR (Shared by P62)
<PE> <EVEN>
¢ ¢ SCOMOD < CTSEO>
I Parity control |

RxDO D——>| Receive buffer1(Shift register) |

(Shared by P61) {}

| RB8 | Receive buffer2 (SCOBUF) || Error flag | | TB8 | Transmission buffer (SCOBUF) I_)DTXDO
T 1 (Shared by P60)

SCOCR
<OERR> <PERR> <FERR>

A

S Internal bus S

Figure 3.9 (12) Block Diagram of the Serial Channel 0
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Figure 3.9 (13) shows the block diagram of the serial channel 1.

BR1CR<BR1CK1, 0>

$TO
$T2
T8
$T32

System

clock/ fsys (¢1)
I:{ +2 I

]
]
]
1
1
1
]
]
1
1
1
1
L

oy

Serial clock generation circuit

cloc

External

TO2TRG

(Timer 2 comparator output)

Selector

e
@
[
(%}
3
@
—

o

Baud rate

generator

————mmm ] e

4

q*
Selector

UART mode]

SIOCLK

Selector

Selector

I/O interface mode

LK) A A
SC1MOD SC1MOD
<sC1,0> <SM1,0>

SCLK1 O
input
(Shared ¢
by P65)  bmm === - J
SC1CR
SCLK1 <10C>
Output INTRX1 INTTX1
(Shared f f
by P65) .
Receive SCIMOD) serial channel Transmission
<WU>> interrupt
counter control counter
RXDCLK ¥ A r r TXDCLK § A
N e N .
SC1MOD Receive Transmission
<RXE>">  control control CTs1
SCICR (Shared by P65)
<|1E> <E\£EN> SC1IMOD<CTSE1>
Parity control
RxD1 D——)| Receive buffer1(Shift register)

(Shared by P64)

L

|RBS |Receivebuffer2(SC‘IBUF) | | Error flag |

SC1CR
<OERR><PERR><FERR>

Yy ¥

| T88

Transmission buffer (SC1BUF) |—>I:| TxD1

(Shared by P63)

Internal

bus

Figure 3.9 (13) Block Diagram of the Serial Channel 1
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@ Prescaler

There are 9 bit prescaler and prescaler clock selection registers to generate input clock for 8 bit Timer0,

1,2, 3,16 bit Timer4, 5, and Serial Interface0, 1.
Figure 3.9 (14) shows the block diagram. Table 3.9 (1) shows prescaler clock resolution into the baud

rate generator.

——> to CPU
— l
Syatem clock fsys
fepn—> ,
9bit Prescaler
§ —>|2|4|8|16|32|s4|128|256|512|
st~ 7 TV
ﬂ 4T1
¢T4 to 8 bit
* > 41256 ) Timer0,1,2,3
SYSCRO
s <PRCK1,0> 471 o
b run/stop ﬂ?s to 16 bit Timer4, 5
XT1 O e &clear
@
o } TRUN<PRRUN>
o #1
2 SYSCR1<SYSCK> ' & toserial
wn T8
b>| ‘ 3 $T32 Interface0, 1
e 1‘c/2 fc/4 fc/s fn:,16 ¢
SYSCR1<GEAR2to 0>

X1 O-+—>{2|4|s 1e|

Figure 3.9 (14) The Block Diagram of Prescaler

93CS44-135



TOSHIBA

TMP93CS44/TMP93CS45

Table 3.9 (1) Prescaler Clock Resolution to Baud Rate Generator

Select system | Select Prescaler Prescaler Output Clock Resolution
Gear value
clock Clock <GEAR2t0 0>
<SYSCK> <PRCK1,0> 4T0 $T2 478 4732
1 (fs) XXX fs/2 fs/24 fs/26 fs/ys
000 (fc) fern2 fe/pa fee ferns
00 001 (fcrp) fcrn3 feos ferp7 ferne
(frprH)
0 (f¢) FPH 010 (fc/g) fc/3a fc/ze fc/ps fe/p10
011 (ferg) feros fero7 fcrpo ferpn
100 (fc/q6) ferpe ferns ferp10 fernn2
01
XXX XXX — fs/a fs/26 fs/os
(low frequency
clock)
10
XXX XXX — fe/os fc/n10 fen12
(fe/16 clock)
XXX :don'tcare - :cannotuse

(Note) The fc/16 clock as a prescaler prescaler clock can not be used when the fs is used as a system clock.

The clock selected among frpyy clock, fe/16 clock, and fs clock is divided by 4 and input to this prescaler.
This is selected by prescaler clock selection register SYSCR0 <PRCK1, 0>.

Resetting sets <PRCK1, 0> to “00” and selects the frpy clock input divided by 4.

The Baud Rate Generator selects between 4 clock inputs : ¢T0, ¢T2, 4T8, and ¢T32 among the prescaler

outputs.

The prescaler can be run or stopped by the timer operation control register TRUN <PRRUN>.
Counting starts when <PRRUN > is set to “1”, while the prescaler is cleared to zero and stops operation

when <PRRUN > is set to “0”.

When the IDLE1 mode (operates only oscillator) is used, set TRUN <PRRUN> to ‘0’ to reduce the
power consumption of this prescaler before “HALT” instruction is executed.
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@ Baud Rate Generator

Baud rate generator comprises a circuit that generates transmission and receiving clocks to determine
the transfer rate of the serial channel.

The input clock to the baud rate generator, 4T0, 4T2, 4T8, or 4T32 is generated by the 9-bit prescaler
which is shared by the timers. One of these input clocks is selected by the baud rate generator control
register BROCR<BROCK1, 0>.

The baud rate generator includes a 4-bit frequency divider, which divides frequency by 1 to 16 values to
determine the transfer rate.

How to calculate a transfer rate when the baud rate generator is used is explained below.

® UART mode
Baud rate = Input clo'ck' of baud rate generator +16
Frequency divisor of baud rate generator
® T/O interface mode
Baud rate= Input clock of baud rate generator o

Frequency divisor of baud rate generator

Accordingly, when source clock fe is 12.288 MHz, input clock is ¢ T2 (f¢/16), and frequency divisor is 5,
the transfer rate in UART mode becomes as follows:

X Clock Condition

System clock : High Frequency (f¢)
clock gear . 1(fe)
prescaler clock : fpFpy
fc/16
Baud rate= CT +16

=12.288X106+16+5+16=9600 (bps)

The maximum baud rate of this baud rate generator is 307.2K bps.
Table 3.9 (2) shows an example of the transfer rate in UART mode.

Also with 8-bit timer 2, the serial channel can get a transfer rate. Table 3.9 (3) shows an example of
baud rate using timer 2.
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Table 3.9 (2) Selection of UART Transfer Rate (1) (When Baud Rate Generator Is Used)

Unit (Kbps)
fc [MHzZ] Frequency divis<|>rl'mwt clock ('?C—;g) (fgé/—qZG) (f(}é;rG%) (f(}é;rz?gzﬁ)
9.830400 1 153.600 38.400 9.600 2.400

0 2 76.800 19.200 4.800 1.200

1 4 38.400 9.600 2.400 0.600

1 8 19.200 4.800 1.200 0.300

1 16 9.600 2.400 0.600 0.150
12.288000 5 38.400 9.600 2.400 0.600
1 10 19.200 4.800 1.200 0.300
14.745600 1 230.400 57.600 14.400 3.600
1 3 76.800 19.200 4.800 1.200

0 6 38.400 9.600 2.400 0.600

1 12 19.200 4.800 1.200 0.300
17.2032 7 38.400 9.600 2.400 0.600
T 14 19.200 4.800 1.200 0.300
19.6608 2 153.600 38.400 9.600 2.400
T 4 76.800 19.200 4.800 1.200

T 8 38.400 9.600 2.400 0.600

T 16 19.200 4.800 1.200 0.300

Notel: TransferrateinI/O interface mode is 8 times faster than the values given in the above
table.

Note2: This tableis calculated when fcis selected as a system clock, fe/1 as a clock gear, and the
system clock as a prescaler clock.

Table 3.9 (3) Selection of UART Transfer Rate (2)
(When Timer 2 (input Clock ¢ T1) is used)

Unit (Kbps)

fc| 19.6608 14.7456 12.288 12 9.8304 8 6.144

TREG MHz MHz MHz MHz MHz MHz MHz
1H 153.6 115.2 96 76.8 62.5 48
2H 76.8 57.6 48 384 31.25 24
3H 51.2 38.4 32 31.25 16
4H 38.4 28.8 24 19.2 12

5H 30.72 23.04 19.2 9.6
8H 19.2 14.4 12 9.6 6

AH 15.36 11.52 9.6 4.8
10H 9.6 7.2 6 4.8 3

14H 7.68 5.76 4.8 2.4

How to calculate the transfer rate (when timer 2 is used):

fepH
TREG2x 8% 16

Transfer rate =
(When Timer 2 (input clock ¢T1) is used)
Notel: Timer 2 match detect signal cannot be used as the transfer clock in I/O interface mode.

Note2: This table is calculated when fe is selected as a system clock, fe/1 as a clock gear, and the
system clock as a prescaler clock.
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Serial Clock Generation Circuit
This circuit generates the basic clock for transmitting and receiving data.

I/O interface mode

When in SCLK output mode with the setting of SCOCR<IOC > =“0”, the basic clock will be generated
by dividing by 2 the output of the baud rate generator described before. When in SCLK input mode with
the setting of SCOCR<IOC> = “1”, the rising edge or falling edge will be detected according to the
setting of SCOCR <SCLKS > register to generate the basic clock.

UART mode

According to the setting of SCOCR <SC1, 0>, the above baud rate generator clock, internal clock ¢1
(max 625Kbps at fc=20 MHz), the match detect signal from timer 0, or external clock SCLKO0 will be
selected to generate the basic clock SIOCLK.

) Receiving Counter

The receiving counter is a 4-bit binary counter used in UART mode and counts up by SIOCLK clock. 16
pulses of SIOCLK are used for receiving 1 bit of data, and the data bit is sampled three times at 7th, 8th
and 9th clock.

With the three samples, the received data is evaluated by the rule of majority.

For example, if the sampled data bit is “1”, “0” and “1” at 7th, 8th and 9th clock respectively, the
received data is evaluated as “1”. The sampled data “0”, “0” and “1” is evaluated that the received data
is “0”.

Receiving Control

I/0 interface mode

When in SCLK output mode with the setting of SCOCR <IOC> =“0”, RxDO0 signal will be sampled at
the rising edge of shift clock which is output to SCLKO pin.

When in SCLK input mode with the setting SCOCR <IOC > =“1” RxDO0 signal will be sampled at the
rising edge or falling edge of SCLKO input according to the setting of SCOCR <SCLKS > register.

UART mode

The receiving control has a circuit for detecting the start bit by the rule of majority. When two or more
“0” are detected during 3 samples, it is recognized as start bit and the receiving operation is started.
Data being received are also evaluated by the rule of majority.

Receiving Buffer

To prevent overrun error, the receiving buffer has a double buffer structure.

Received data are stored one bit by one bit in the receiving buffer 1 (shift register type). When 7 bits or
8 bits of data is stored in the receiving buffer 1, the stored data are transferred to the receiving buffer 2
(SCOBUF), generating an interrupt INTRXO0. The CPU reads only receiving buffer 2 (SCOBUF). Even
before the CPU reads the receiving buffer 2 (SCOBUF), the received data can be stored in the receiving
buffer 1. However, unless the receiving buffer 2 (SCOBUF) is read before all bits of the next data are
received by the receiving buffer 1, an overrun error occurs. If an overrun error occurs, the contents of
the receiving buffer 1 will be lost, although the contents of the receiving buffer 2 and SCOCR<RB8> is
still preserved.

The parity bit added in 8-bit UART mode and the most significant bit (MSB) in 9-bit UART mode are
stored in SCOCR<RB8>.

When in 9-bit UART mode, the wake-up function of the slave controllers is enabled by setting
SCOMOD <WU > to “1”, and interrupt INTRXO0 occurs only when SCOCR <RB8> is set to “1”.
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1)

2)

Transmission Counter

Transmission counter is a 4-bit binary counter which is used in UART mode and, counts by SIOCLK
clock, generating TxDCLK every 16 clock pulses.

soa JLILN LI LA NN A ANNDTRANNTN

1516 't 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 |1 2
1 (N

TXDCLK r'l
I

_3

Figure 3.9 (15) Generation of Transmission Clock
Transmission Controller
I/O interface mode

In SCLKO output mode with the setting of SCOCR <IOC > =“0”, the data in the transmission buffer are
output bit by bit to TxDO pin at the rising edge of shift clock which is output from SCLKO pin.

In SCLKO input mode with the setting of SCOCR<IOC> =“1”, the data in the transmission buffer are
output bit by bit to TxDO pin at the rising edge or falling edge of SCLKO0 input according to the setting of
SCOCR <SCLKS> register.

UART mode

When transmission data are written in the transmission buffer sent from the CPU, transmission starts
at the rising edge of the next TxDCLK, generating a transmission shift clock TxDSFT.

Handshake Function

The serial channels use the CTSO pin to transmit data in units of frames, thus preventing an overrun
error. Use SCOMOD <CTSEO0> to enable or disable the handshake function.

When CTSO goes high, data transmission is halted after the completion of the current transmission and
is not restarted until CTSO returns to low. An INTTXO interrupt is generated to request the CPU for
the next data to transmit. When the CPU write the data to the transmit buffer, processing enters
standby mode.

An RTS pin is not provided, but a handshake function can easily be configured if the receiver sets any
port assigned to the RTS function to high (in the receive interrupt routine) after data receive, and
requests the transmitter to temporarily halt transmission.

93CS44/545 93CS44/545
TxD RxD
CTS RTS (any port)
Sender Receiver

Figure 3.9 (16) Handshake Function
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Timing to write J_I—s( 4

transmission buffer
_____ -ASend is suspended i
CTSO | from D to @.

13 14 15 16 1 2 3 14 15 16 1 2 3
SIOCLK —S\JI Lnnn it ss_" | | |
TXDCLK ~ —§ 1 gg [

({4

TxD ' \ startbit A bit0

1

Note1: Ifthe CTSsignal rises during transmission, the next data is not sent after the
completion of the current transmission.
Note 2: Transmission starts at the first TxDCLK clock fall after the CTS signal falls.

Figure 3.9 (17) Timing of CTS (Clear to send)

) Transmission Buffer

Transmission buffer (SCOBUF) shifts out and sends the transmission data written from the CPU. When
all bits are shifted out, the transmission buffer becomes empty and generates INTTXO interrupt.

) Parity Control Circuit

When serial channel control register SCOCR <PE >is set to “1”, it is possible to transmit and receive
data with parity. However, parity can be added only in 7-bit UART or 8-bit UART mode. With SCOCR
<EVEN > register, even (odd) parity can be selected.

For transmission, parity is automatically generated according to the data written in the transmission
buffer SCOBUF, and data are transmitted after being stored in SCOBUF <TB7> when in 7-bit UART
mode while in SCOMOD <TB8> when in 8-bit UART mode. <PE> and <EVEN > must be set before
transmission data are written in the transmission buffer.

For receiving, data are shifted in the receiving buffer 1, and parity is added after the data are
transferred in the receiving buffer 2 (SCOBUF), and then compared with SCOBUF <RB7> when in 7-
bit UART mode and with SCOMOD <RB8> when in 8-bit UART mode. If they are not equal, a parity
error occurs, and SCOCR<PERR > flag is set.
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@

Error Flag

Three error flags are provided to increase the reliability of receiving data.

. Overrun error <OERR>

If all bits of the next data are received in receiving buffer 1 while valid data are stored in receiving
buffer 2 (SCOBUF), an overrun error will occur.

. Parity error <PERR >

The parity generated for the data shifted in receiving buffer 2 (SCOBUF) is compared with the parity bit
received from RxD pin. If they are not equal, a parity error occurs.

. Framing error <FERR >

The stop bit of received data is sampled three times around the center. If the majority is “0”, a framing
error occurs.

Signal Generation Timing

1) In I/O Interface mode

Timing forsend | SCLKO output mode Immediately after rise of last SCLKO signal (See Figure 3.9 (20))

interrupt di £ ise (risi de) or fall (falli de) of

generation . Immediately after rise (rising mode) or fall (falling mode) o
SCLKOinputmode ||t scLko signal (See Figure 3.9 (21).)

o Immediately after final SCLKO (When received data are
Timing for SCLKO outputmode | . ferred to receive buffer 2 (SCOBUF)) (See Figure 3.9 (22).)
receive interrupt " fter f (Wh ved d
generation . Immediately after final SCLKO (When received data are

SCLKO input mode transferred to receive buffer 2 (SCOBUF)) (See Figure 3.9 (33).)

2) In UART mode

Receive

Mode 9-Bit 8-Bit + Parity 8-Bit, 7-Bit + Parity, 7-Bit

Timing for interrupt Around center of bit 8 Around center of

: o Around center of stop bit
generation parity bit

Timing for framing

. Around center of stop bit
error generation

Timing for parity Around center of
error generation parity bit

Timing for overrun Around center of

Around center of bit 8 Around center of stop bit

error generation parity bit
Send
Mode 9-Bit 8-Bit + Parity 8-Bit, 7-Bit + Parity, 7-Bit
Timing for interrupt Immediately before - -
generation stop bit sent
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3.9.3 Operational Description
(1) Mode 0 (I/O interface mode)

This mode is used to increase the number of I/O pins of for transmitting or receiving data to or from the
external shifter register.

This mode includes SCLK output mode to output synchronous clock SCLK0O and SCLK input mode to
input external synchronous clock SCLKO.

Output Input
extension extension
TMP93CS44/545 Shiftregister A| — | TmP93Cs44/s45 Shiftregister A| <
B| — B| =
TxD Sl C|— RxD QH C| =
D| — D -
SCLK SCK E| — SCLK CLOCK E| =—
F| — F| =
Port RCK G| — Port S/L G| <
Hl — H| =
TC74HC595 or TC74HC165 or
the like the like
Figure 3.9 (18) Example of SCLK Output Mode Connection
Output port Input port
extension extension
TMP93C544/545 Shiftregister A| — | TmP93CS44/545 Shiftregister A| <«
B| — B| =
TxD S| c| — RxD QH C| «—
D| — D| =—
SCLK SCK E| = SCLK CLOCK E| =
F — F -
Port RCK G| — Port S/L G| =
H| — H| ==—
TC74HC§95 or TC74HC_1 65 or
External clock—! the like External clock —| the like

Figure 3.9 (19) Example of SCLK Input Mode Connection
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(@O Transmission

In SCLK output mode, 8-bit data and synchronous clock are output from TxDO pin and SCLKO pin,
respectively, each time the CPU writes data in the transmission buffer. When all data is output,
INTESO <ITX0C > will be set to generate INTTXO0 interrupt.

Timing towrite [} B

transmission 3
data \
SCLKO output ~—t A L A LA LA LA
TxDO A_bito X bit1 X ) X bit6 X bit7 X
TxDSFT I-l rl r)r) rl I-l I-l
ITXOC (INTTXO B [

interrupt request) )

Figure 3.9 (20) Transmitting Operation in I/O Interface Mode (SCLK Output Mode)

In SCLK output mode, 8-bit data are output from TxDO pin when SCLKO input becomes active while
data are written in the transmission buffer by CPU.
When all data are output, INTESO <ITX0C > will be set to generate INTTXO0 interrupt.

SCLKOi
(SCLKS”;p(;J:tRisingedgemode) I A I A L%—A I A I A
Y v v vy Iy
SCLKO input
(SCLKS = 1: Falling edge mode)
TXDO X_bito X bit1 XY bit5 X bit6 X bit7 X
TxDSFT M FL( M M
H
ITXOC (INTTXO < I

interrupt request)

Figure 3.9 (21) Transmitting Operation in I/O Interface Mode (SCLK Input Mode)

93CS44-144



TOSHIBA TMP93CS44/TMP93CS45

@ Receiving

In SCLK output mode, synchronous clock is outputted from SCLKO pin and the data are shifted in the
receiving buffer 1 whenever the receive interrupt flag INTESO <IRX0C> is cleared by reading the
received data. When 8-bit data are received, the data will be transferred in the receiving buffer 2
(SCOBUF) at the timing shown below, and INTES0<IRX0C> will be set again to generate INTRX0
interrupt.

IRX0C | \\ £ i\
SCLKO ~—_t & L& L4 LA 1LF
RxDO bit 0 X bit1 )(bitz\b X bit6 X bit7 Y

- . . Generate
Timing to shift data in
the receiving buffer 2 INTRX0

Figure 3.9 (22) Receiving Operation in I/O Interface Mode (SCLK Output Mode)

In SCLK input mode, the data is shifted in the receiving buffer 1 when SCLK input becomes active
while the receive interrupt flag INTESO <IRX0C> is cleared by reading the received data. When 8-bit
data is received, the data will be shifted in the receiving buffer 2 (SCOBUF) at the timing shown below,
and INTESO <IRX0C> will be set again to generate INTRXO0 interrupt.

SCLKO input
(SCLKSIEI?JL:J Rising edge mode) I A I A Lgt,_* I A I A
| v ™y v v
SCLKO input
(SCLKS = 1: Falling edge mode) «
RxDO bito X bit1 Xbit2, X bit6e X bit7 Y
N
imi i Generate
e o i data INTRXO \n
buffer 2

Figure 3.9 (23) Receiving Operation in I/0 Interface Mode (SCLK Input Mode)

Note:For data receiving, the system must be placed in the receive enable state
(SCOMOD <RXE> =“1")
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(2) Mode 1(7-bit UART Mode)

7-bit mode can be set by setting serial channel mode register SCOMOD <SM1,0> to “01”.

In this mode, a parity bit can be added, and the addition of a parity bit can be enabled or disabled by
serial channel control register SCOCR<PE>, and even parity or odd parity is selected by SCOCR
<EVEN > when <PE > is set to “1” (enable).

Setting example : When transmitting data with the following format, the control registers should
be set as described below.

\start/(bitOX 1 X 2 X 3 X 4 X 5 X 6 X;;’ﬁ{‘,’ stop
-<——— Direction of transmission (transmission rate: 2400 bps at fc=12.288 MHz)
¥ Clock Condition
Systemclock : High Frequency (fc)
clock gear i 1(fc)
prescaler clock : fepy

POCR e mmmm o ! } Select P60 as the TxD pin.
P6FC XX -X--X1
SCOMOD « X 0 - X 0101 Set 7-bit UART mode.
SCOCR «X11XXXO00 Add an even parity.
BROCR « 0X 100101 Set transfer rate at 2400 bps.
TRUN «1X------ Start the prescaler for the baud rate generator.
INTESO « 1100 - - - - Enable INTTXO interrupt and set interrupt level 4.
| SCOBUF « * #® % % & % & Set data for transmission.
Note: X; don’t care - ; no change

(3) Mode 2 (8-bit UART Mode)

8-bit UART mode can be specified by setting SCOMOD <SM1,0> to “10”. In this mode, parity bit can be
added, the addition of a parity bit is enabled or disabled by SCOCR <PE >, and even parity or odd parity
is selected by SCOCR<EVEN > when <PE > is set to “1” (enable).

Setting example: When receiving data with the following format, the control register should be set as
described below.

e OO E=

~—— Direction of transmission (transmission rate: 9600 bps at fc = 12.288 MHz)
¥ Clock Condition
System clock : High Frequency (fc)
clock gear 1 (fc)
prescaler clock : frpy
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Main setting
76543210
[P6CR ¢ - - - - - - 0 - Select P61 (RxD) as the input pin.
SCOMOD « - 01X 1001 Enable receiving in 8-bit UART mode.
SCOCR «X01XXXO00 Add an odd parity.
BROCR « 0X010101 Set transfer rate at 9600 bps.
TRUN ¢ 1 X - - - - - - Start the prescaler for the baud rate generator.
| INTESO ¢« - - - -1100 Enable INTTXO interrupt and set interrupt level 4.

Interrupt processing

Acc « SCOCR AND 00011100 } Check for error.
if Acc # 0 then ERROR
Acc « SCOBUF Read the received data.

Note: X;don’t care - ;no change

(4) Mode 3 (9-bit UART Mode)

9-bit UART mode can be specified by setting SCOMOD <SM1,0> to “11”. In this mode, parity bit
cannot be added.

For transmission, the MSB (9th bit) is written in SCOMOD <TB8>, while in receiving it is stored in
SCOCR<RB8>. For writing and reading the buffer, the MSB is read or written first then SCOBUF.

Wake-up function

In 9-bit UART mode, the wake-up function of slave controllers is enabled by setting SCOMOD<WU >
to “1”. The interrupt INTRXO0 occurs only when<RB8> = 1.

TxD RxD TxD RxD TxD RxD TxD RxD

Master Slave 1 Slave 2 Slave 3

Note: TxD pin of the slave controllers must be in open drain output mode.

Figure 3.9 (24) Serial Link Using Wake-Up Function
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Protocol

@
@
®

—

)

®

Select the 9-bit UART mode for the master and slave controllers.
Set SCOMOD <WU > bit of each slave controller to “1” to enable data receiving.

The master controller transmits one-frame data including the 8-bit select code for the slave controllers.
The MSB (bit 8) <TB8> is set to “1”.

" Naare foo) XYY XY Ve

Select code of slave controller 1

) Each slave controller receives the above frame, and clears WU bit to “0” if the above select code matches

its own select code.

The master controller transmits data to the specified slave controller whose SCOMOD <WU > bit is
cleared to “0”. The MSB (bit 8) <TB8> is cleared to “0”.

”“\starthitOX 1 X 2 X 3 X 4 X 5 X 6 X 7 XbitS/Stop‘/"“

Data 0

The other slave controllers (with the <WU > bit remaining at “1” ) ignore the receiving data because
their MSBs (bit 8 or <RB8>) are set to “0” to disable the interrupt INTRXO0.

The slave controllers (<WU> =0) can transmit data to the master controller, and it is possible to
indicate the end of data receiving to the master controller by this transmission.
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Setting example : To link two slave controllers serially with the master controller, and use the
internal clock 41 as the transfer clock.

TxD RxD TxD RxD TxD RxD
Master Slave 1 Slave 2
Select code Select code
00000001 00001010

Since serial channels 0 and 1 operate in exactly the same way, channel 0 is used for the purposes of
explanation,

® Setting the master controller

Main
[P6BCR  « - - - - - - 1
0 } Select P60 as TxDO pin and P61 as RxDO pin.
P6FC « XX -X--X1
INTESO « 11001101 Enable INTTXO0 and set the interrupt level 4.
Enable INTRX0 and set the interrupt level 5.
SCOMOD « 10101110 Set 41 as the transmission clock in 9-bit UART mode.
| SCOBUF « 0 0000001 Set the select code for slave controller 1.
INTTXO0 interrupt
SCOMOD ¢« 0 - - - = - - - Sets TB8t0”0".
SCOBUF « * * # * % & % % Set data for transmission.
® Setting the slave controller 2
Main
P6BCR ¢ - - - - - - 01 Select P61 as RxDO pin and P60 as TxD0O pin (open drain
P6FC « XX -X--X1 output).
ODE eXXXX---1 )
INTESO « 11011110 Enable INTRX0 and INTTXO.
SCOMOD« 00111110 Set <WU> to “1” in the 9-bit UART transmission mode

with transfer clock 41.
INTRXO interrupt

Acc <« SCOBUF
if Acc = Select code
Then SCOMOD¢« - - - 0 - - - - Clear <WU> to “0".
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3.10 Serial Bus Interface (SBI)

The TMP93CS44/S45 has a 1-channel serial bus interface which employs a clocked-synchronous 8-bit
serial bus interface and an I?’C bus.
The serial bus interface is connected to an external device through P33 (SDA) and P34 (SCL) in the I*C
bus mode; and through P32 (SCK), P33 (SO), and P34 (SI) in the clocked-synchronous 8-bit SIO mode.

TMP93CS44/545 has no an arbitration function which is necessary when two or more master devices
scramble for the bus control. In master mode, other devices which are connected on the same bus need
be slave devices. (single master)

Setting of every pins is as follows.

ODE<ODE34,33> P3CR<P34C, P33C, P32C> P3FC<P32M, P34F, P33F, P32F>
12C Bus Mode 11 11X X110
Clock synchronous 011
8-bit SIO Mode XX 010 1
X : Don't care
3.10.1  Configuration
——> INTS2 Interrupt request
SCL
¢ I SCK
SIO
Clock
Control |< Input/ HJ P32
Output| (SCK/HWR)
T Jf Control
fc/4 —| Divider 10
> SO —] P33
Transfer Data Control (SO/SDA)
Control |ft——— | Sl
12C bus Circuit N——
Clock Sync. freul +
g
Noise C + | /\4 1 P34
| ontro . (SI/SCL)
Canceller Shift 12C bus
Register Data Control | Noise SDA
Canceller
N7 |
SBICR2/
SBISR 12CAR SBIDBR SBICR1 SBICR3
SBI 12C bus SBI Data SBI SBI

Control Register 2/
SBI Status Register

Address Register Buffer Register Control Register 1

Figure 3.10 (1) Serial Bus Interface (SBI)

Control Register 3
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3.10.2  Serial Bus Interface (SBI) Control

The following reginsters 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 control register 3 (SBICR3)
Serial bus interface data buffer register (SBIDBR)
I2C bus address register 12CAR)

Serial bus interface status register (SBISR)

The above registers differ depending on an mode to be used.

Refer to Section “3.10.4 I*C bus Mode Control” and “3.10.6 Clocked-synchronous 8-bit SIO Mode
Control”.

3.10.3 The Data Formats in the 12C Bus Mode
The data formats when using the TMP93CS44 / S45 in the I*C bus mode are shown below.

(a) Addressing format

8 bits 1 |<—11t0 8 bits—>| 1 |<—1t0 8 bits ——>| 1
IF'TTTTTTIRlA A A
S| Slave address /{c Data C Data c|P
W| K K K
1 lormore ————————>
(b) Addressing format (with restart)
[«——8 bits ———>| 1 [«<—1 to 8 bits 1 8 bits 1 [«=—1to 8 bits ——| 1
IF'TTTTTT]R[A A IF'TTTTTT]R[A A
S| Slave address /|cC Data C|S | Slave address /|cC Data c|P
W| K K W| K K
1 1 or more 1 1 0or more —>
(c) Free data format
8 bits 1 |<—11t0 8 bits —>| 1 |<«—1to 8 bits —>{ 1
FTTTTTTT A A A
S Data C Data C Data c|P
K K K
1 lormore —————————>|

(Notes) S : Startcondition
RAW : Direction bit
ACK : Acknowledge bit

P : Stop condition

Figure 3.10 (2) Data format in the 12C Bus Mode
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3.10.4 12C Bus Mode Control

The following registers are used for control and operation status monitoring when using the serial bus
interface (SBI) in the I*C bus mode.

Serial Bus Interface Control Register 1

7 ¢ 6 i o5 i o4 i 3 i 2 i 1 i 0

SBICR1 Titsymbol | BC2 © BCT | BCO | ACK | D sck2 1 scK1 i scKo
(004BH) - : : : : : : -

Read/Write w i ORW G : w

After reset o ¢ o i o i o S0 i o0 foo0
Prohibit Number of transferred bits ‘Acknowle: iSerial clock selection
read.- Function (Note1) édge .m.ode : é(NoteZ)
modify- ispecifica- | :
write ition

|—>Seria| clock selection
0

00 | 454.5 kHz
001 | 263.2 kHz
010 | 142.9kHz System clock : fc
011 | 74.6kHz Clock gear : fc/1
100 | 38.2kHz fc = 20MHz (Output on SCL PIN)
101 19.3 kHz

110 9.71 kHz
111 |(reserved)

L > Acknowledge mode specification

0 | Not generate clock pulse for acknowledge signal

1 | Generate clock pulse for acknowledge signal

Number of transferred bits

<ACK>=0 <ACK>=1
<BC2to 0> Number . Number .
of Clock Bits of Clock Bits

000 8 8 9 8
001 1 1 2 1
010 2 2 3 2
011 3 3 4 3
100 4 4 5 4
101 5 5 6 5
110 6 6 7 6
111 7 7 8 7

Notel: Set <BC2to 0> to “000” before switching to a clock-synchronous 8-bit SIO mode.
Note 2: Refer to sentence of 3.10.4 (3) Serial Clock.

Figure 3.10 (3) - 1 Register for I°C Bus Mode
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Serial Bus Interface Control Register 2
A - T - I O O O O
(%%f;j) bitSymbol | MST : TRX { BB i PIN SBIM1 : SBIMO i - [ -
Read/Write W (R/W Note1) w : :
After reset o : o0 { 0 : 1 i 0 i 0 i 0 i 0
Prohibit Master/ :Trans-  Start/stop:Cancel iSerial businterface : :
read- Function slave imitter  igenera- :(INTS2 ioperating mode
modify- selection :/receiver ition irequest  selection (Note 2)
write iselection : : :

Note 1:
Note 2:

SBI operating mode selection

Port mode (serial bus interface output disable)

(Reserved)

L > Cancel INTS2 request

0 -
1 | Cancel interrupt service request
Stare/ stop generation
0 | Gnerate the stop condition
1 | Gnerate the start condition

Transmitter / receiver selection

Receiver

Transmitter

Master / slave selection

Master

This register functions as the SBISR by reading.

Switch a mode to the port mode after confirming that the bus is free.

Switch a mode to the I2C bus mode and the clocked-synchronous 8-bit SIO mode after
confirming that input signals via port are high level.

Figure 3.10 (3) - 2 Register for 12C Bus Mode
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Serial Bus Interface Status Register

7 ¢ 6 i 5 i 4 ¢ 3 i 2 i 1 i 0
SBISR : : : : : : : :
bit Symbol MST TRX BB i PIN : AL i AAS . ADO LRB
(004EH) :
Read/Write R
Prohibit : H T H ; H ;
read- After reset 0 : 0 : 0 : 1 : 0 : 0 : 0 : 0
modify- Master Transmitter :12Cbus HINTS2 ‘Noise iSlave i“GENERAL :Last received
write. /stave / receiver istatus érequest idetection éaddress ECALL" ébit monitor
Function |[selection §se|ection imonitor §status imonitor §match idetection :
status status : ‘monitor : ‘detection  :monitor
monitor ‘monitor : : : ‘monitor :

———

Last received bit monitor

0 [ Lastreceived bit “0"

1 | Last received bit “1”

“"GENERAL CALL" detection monitor

0 | Non “GENERAL CALL" detected

1 | "GENERAL CALL" detected

L Slave address match detection monitor

Non slave address match or “GENERAL CALL"

0
detected

1 Slave address match or “GENERAL CALL"
detected

L > Noise detection monitor

0 | Non noise detected

1 | Noise detected

L INTS2 request status

0 | Interrupt service requested

1 | Interrupt service canceled

12C bus status monitor

0 |Busfree

1 | Busbusy

Transmitter / receiver selection status monitor

0 | Receiver

1 | Transmitter

Master / slave selection status monitor

Note : Bits 7 to 2 of this register function as the SBICR2 by writing.

Figure 3.10 (3) - 3 Register for I2C Bus Mode
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TMP93CS44/TMP93CS45
Serial Bus Interface Control Register 3
7 6 | 5 i a4 i o3 i 2 1 0
SBICR3 7 symbol SWRTS
(004FH) -
Read/Write RW
After reset 0
‘Software
greset
Function 0 cD;:‘t
111 Initialize
]
|—»Softwa re reset
0 [Don'tcare
1 Initialize SBI (After initializing SBI, SWRST is
automatically cleared to 0).
Serial Bus Interface Data Buffer Register
7 ¢ 6 i 5 i o4 i3 i o2 i 0
(SOB(‘)ILLDCBPT) bit Symbol DB7 DB6 DB5 : DB4 : DB3 : DB2 : DBl DBO
Read/Write R (receive) / W (send)
Prohibit -
read- After reset Undefined
vTﬁs:y' Notel: When writing the send data, start from the MSB (bit7).
I2C Bus Address Register
7 6 5 i a4 i 3 2 1 0
12CAR [ symbol | sA6 SAS SA4 SA3 1 SA2 SA1 SAQ ALS
(004DH) - -
o Read/Write w
Z;’be't After reset o i o0 o0 o i o0 0 0 0
modify- Slave address selection. :Address
write. Function ;::cc)zznition
éspecification

|—>Add ress recognition mode specification

Slave address recognition

Non slave address recognition

Figure 3.10 (3) - 4 Registers for I2°C Bus Mode
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(M

(2)

Acknowledge mode specification

Set SBICR1<ACK> to “1” for operation in the acknowledge mode. The TMP93CS44 / S45 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.

Set <ACK> to “0” for operation in the non-acknowledge mode. The TMP93CS44 / S45 does not
generate a clock pulse for the acknowledge signal when operating in the master mode.

In the acknowledgment mode, when the TMP93CS44/545 is the slave mode, clocks are counted for
the acknowledge signal. During the clock for the acknowledge signal, when a received slave address
matches to a slave address set to the I2CAR or a “GENERAL CALL” is received, the SDA pin is set to
low level generating an acknowledge signal.

After a received slave address matches to a slave address set to the I2CAR and a “GENERAL CALL”is
received, in the transmitter mode during the clock for the acknowledge signal, the SDA pin is released
in order to receive the acknowledge signal from the receiver. In the receiver mode, the SDA pin is set to
low level generating an acknowledge signal

In the non-acknowledgment mode, when the TMP93CS44/S45 is the slave mode, clocks for the
acknowledge signal are not counter.

Number of transfer bits

SBICR1<BC2 to 0> are used to select a number of bits for transmitting and receiving data.
Since <BC2 to 0> are cleared to "000" as a start condition, a slave address and direction bit
transmissions are executed in 8 bits. Other than these, <BC2 to 0> retain a specified value.

Serial clock

) Clock source

SBICR1 <SCK2 to 0> are used to select a maximum transfer frequency output on the SCL pin in the
master mode.

} tLow—> 1/fscl

<SCK2to 0> n

tlow= 2n/f|:pH (bits2 to 0 in the SBICR1)
tHigH = 2"frpH + 12/ 000 4
HIGH FPH FPH 001 c
fscl = 1/(tL0W + tHIGH) 010 6
f 011 7
= 100 8
2x2"+12 101 9
110 10

Figure 3.10 (4) Clock Source
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@ Clock synchronization

Internal SCL output (Master A)

SCLline

In the I?C bus mode, in order to wired-AND a bus, a master device which drives a clock line to low-level,
in the first place, invalidates 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 TMP93CS44 / S45 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.

Wait counting high-level

width of a clock pulse

i i(_,: Start counting high-level width of a clock pulse
I I

! I

1

. \
! 1
. | | )
IReset a counter of high-level }

Internal SCL output (Master B) \width of a clock pulse //i \
i T
1 1
! ! 7 N\
1 I :
1 ! :
a b <

(4)

(5

Figure 3.10 (5) Clock Synchronization

As Master A drives the internal SCL output to the low level at point “a”, the SCL line of the bus
becomes the low level. After detecting this situation, Master B resets a counter of an own clock pulse
and sets the internal SCL output to the low level.

Master A finishes counting low-level width of an own clock pulse at point “b” and sets the SCL pin to the
high level. Since Master B holds the SCL line of the bus at the low level, Master A waits for counting
high-level width of an own clock pulse. After Master B sets the internal SCL output to the high level at
point “c” and Master A detects the SCL line of the bus at the high level and starts counting high-level of
an own clock pulse.

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

Slave address and Address recognition mode specification

To operate the TMP93CS44/S45 in the addressing format which recognizes the slave address, set
I2CAR<ALS> to “0” and set the slave address to the I2CAR<SA6 to 0>.

To operate the serial bus interface circuit in the free data format which does not recognize the slave
address, set <ALS> to “1”. When the TMP93CS44/S45 used in the free data format, the slave address
and the direction bit are not recognized. They are handled as data just after generation of start
conditions.

Master/slave selection

Set SBICR2 <MST> to “1” for operating the TMP93CS44 / S45 as a master device. @~ <MST> is
cleared to “0” by the hardware after a stop condition on a bus is detected or arbitration is lost.
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(6)

7

Transmitter/receiver selection

Set SBICR2 <TRX > to “1” for operating the TMP93CS44 / S45 as a transmitter. Set <TRX> to “0”
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 the GENERAL CALL is received (all 8-bit
data are “0” after the start condition), <TRX> is set to “1” by the hardware if the direction bit (R/W)
sent from the master device is “1”, and is set to “0” by the hardware if the bit is “0”. In the master mode,
after the acknowledge signal is returned from the slave device , <TRX > is set to “0” by the hardware if
a transmitted direction bit is “1”, and set to “1” by the hardware if it is “0”. When the acknowledge
signal is not returned, the current condition is maintained.

<TRX> is cleared to “0” by the hardware after the stop condition on the I*C bus is detected or
arbitration is lost.

The following shows <TRX > change conditions in each mode and <TRX > after changing.

. . . L. <TRX> af
Mode Direction bit Change condition Iﬁangii;er
Slave mode 0 A received slave address is the same as 0
1 avaluesetto I2CAR. 1
0 . . 1
Master mode ] ACK signal is returned. 5

When the TMP93CS44/S45 operates in the free data format, the slave address and the direction bit are
not recognized. They are handled as data just after generating a start condition. The TRX was not
changed by the hardware.

Start/Stop Condition generation

When SBICR2 <BB> is “0”, the start condition and 8-bit data are output by writing “1” to
SBICR2 <MST, TRX, BB, PIN >. Itis necessary to set “1” to SBICR1 <ACK > beforehand.

sciine 1 T N\_/ 1N/ 2\/3\/ 2+ \/5\ /s \ /7" \ /s \ /o \____
SDAline ~~ i\i / a6 X A5 X aa X a3 X a2 X ar X a0 X rw /

| |
Start | slave address and the direction bit | Acknowledge
condition | |signa|

Figure 3.10 (6) Start Condition Generation and Slave Address Generation

When SBICR2 <BB> is “1”, a sequence of generating the stop condition is started by writing “1” to
<MST, TRX, PIN > and “0” to <BB>. Do not modify the contents of <MST, TRX, BB, PIN > until the
stop condition is generated on a bus.

When a stop condition is generated and the SCL line on the bus is set to low level by another device, a
stop condition is generated after releasing the SCL line.
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(8)

(9)

(10)

Stop condition

Figure 3.10 (7) Stop Condition Generation

The bus condition can be indicated by reading the contents of <BB> . <BB> is set to “1” when the
start condition on a bus is detected, and is set to “0” when the stop condition is detected.

Cancel interrupt service request

When the TMP93CS44/S45 is the master mode and transferring a number of clocks set by the
SBICR1<BC2 to 0> and the SBICR1<ACK> is complete, a serial bus interface interrupt request
(INTS2) is generated.

In the slave mode, the INTS2 is generated when the received slave address is the same as the value set
to the I2CAR and an acknowledge signal is output, when a “GENERAL CALL” is received and an
acknowledge signal is output, or when transferring / receiving data is complete after the received slave
address is the same as the value set to the I2CAR and a “GENERAL CALL” is received.

When the serial bus interface interrupt request occurs, the SBISR <PIN > is cleared to “0”. During the
time that the PIN is “0”, the SCL pin is set to low level.

Either writing or reading data to or from the SBIDBR sets the <PIN > to “1”.

The time from the <PIN > being set to “1” until the SCL pin is released takes tLow.

Although the <PIN> can be set to “1” by the program, the <PIN> is not cleared to “0” when it is
written “0”.

Serial bus interface operation mode selection

SBICR2 <SBIM1, 0> is used to specify the serial bus interface operation mode. Set <SBIM1, 0> to
“10” when used in the I?C bus mode after confirming that input signal via port is high level.
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 I*C bus mode, a bus
arbitration procedure is implemented in order to guarantee the contents of the transferred data.

A data on the SDA line is used for bus arbitration of the I°C bus.

The following shows an example of a bus arbitration procedure when two master devices exist
simultaneously on a bus. Master A and Master B output the same data until point “a”. After Master A
outputs “L” and Master B “H”, the SDA line of the bus is wire-AND and the SDA line is driven to the
low level by Master A. 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 A. A data transmitted from Master B becomes invalid.
The state in Master B is called “arbitration lost”. B 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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(1)

(12)

Master < SCL output

SCL (line) \ / \ /
Internal SDA output \ / \

(Master A)
Internal SDA output m ____________________
(Master B) SDA pin becomes "1" after losing arbitration.

SDA (line)

S
N
e
N
~
N
~
h

1
1
1

|

[]
o -

Figure 3.10 (8) Arbitration Lost

The TMP93CS44 / S45 compares levels of the SDA line of the bus with those of the TMP93CS44 / S45
internal SDA output at the rising edge of the SCL line. If the levels are unmatched, arbitration is lost
and SBISR <AL> isset to “1”.

When <AL> is set to “1”, <MST, TRX > are set to “0” and the mode is switched to the slave receiver
mode. The TMP93CS44 / S45 generates the clock pulse until data is transmitted when <AL> is “1”.
<AL> is set to “0” by writing/reading data to/from the SBIDBR or writing data to the SBICR2.

Internal

Internal  \ D7A X D6A )\ D5A A D4A X D3A XD2A X D1A XDoA / \D7A' XD6A XD5A' XD4A" ...

SDA output

Clock pulse generated |

SCL output

< Internal 1 2 3 4 5 6 7 8 9
Master
B

SDA output

[ |
<AL> )
<MST> |

J/
<TRX> |

/
Accessed to rl
SBIDBR or SBICR2

Internal D7B X D6B ‘\Fix SDA pin to high level as losing arbitration.

Figure 3.10(9) Example of when TMP93CS44 /545 is a Master device

Slave address match detection monitor

SBISR <AAS> is set to “1” in the slave mode, in the address recognition mode (I2CAR <ALS> =0)
when receiving the GENERAL CALL or the slave address with the same value that is set to the I2CAR.
When <ALS> is “1”7, <AAS> is set to “1” after receiving the first 1-word of data. <AAS> is set to
“0” by writing/reading data to/from a data buffer register.

GENERAL CALL detection monitor

SBISR <ADO0> is set to “1” in the slave mode, when the GENERAL CALL is received (all 8-bit data are
“0” after the start condition). <ADO> is set to “0” when the start or stop condition is detected on a bus.
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(13)

(14)

(15)

(16)

Last received bit monitor

The SDA line value stored at the rising edge of the SCL line is sent to SBISR <LRB>. In the
acknowledge mode, immediately after the INTS2 interrupt request is generated, the acknowledge
signal is read by reading the contents of <LRB>.

Software Reset Function

Software reset function is used to initialize the SBI which is rocked by external noise, etc. When
SBICR3 <SWRST > is set to “1”, the internal reset signal pulse is generated and inputted into the SBI
circuit.

All command registers and state registers are initialized to initial values. <SWRST> is
automatically set to “0” after the SBI circuit is initialized.

Serial Bus Interface Data Buffer Register (SBIDBR)

The SBIDBR register can read out the receiving data and write the sending data.
After the start condition generated in the master mode, set the slave address and the direction bit in
this register.

I12C BUS Address Register (I2CAR)

I2CAR <SA6 to 0> sets the slave address when the TMP93CS44/545 are operated as the slave devices.
Setting I2CAR <ALS> =“0”, the slave address output from master device is recognized, and the data
format is changed to the addressing format. Setting I2CAR<ALS> =“1", the slave address is not
recognized, and the data format is changed to the free data format.
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3.10.5
(1

Data Transfer in 12C Bus Mode
Device Initialization

First, set SBICR1 <ACK, SCK2 to 0>. Specify “0” to bits 7 to 5 and 3 in the SBICR1.

Set the slave address <SA6 to 0> and <ALS> to I2CAR (<ALS> =0 when the addressing format).
Subsequently, set “0” to <MST, TRX, BB>; “1” to <PIN>; “10” to <SBIM1, 0>; and “0” to bits 0 and
1 in the SBICR2. The slave receiver mode is set.

Notel: The initialization of the serial bus interface circuit must be complete within the time from all

(2)

devices which are connected to the bus have initialized to any device does not generate a start
condition. If not, there is a possibility that another device starts transferring before an end of the
initialization of the serial bus interface circuit. Data can not be received correctly.

Start Condition and Slave Address Generation

Confirm a bus free status (when SIBSR<BB > =0).

Set the SBICR1 <ACK> to “1” and specify a slave address and a direction bit to be transmitted to the
SBIDBR.

When the SBISR<BB> is “0”, the start condition are generated and the slave address and the direction
bit which are set to the SBIDBR are output on a bus by wiring “1” to the SBICR2 <MST, TRX, BB>
and PIN. An INTS2 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.

Note 1: Do not write a slave address to be output to the SBIDBR while data are transferred. If data is

written to the SBIDBR, data to been outputting may be destroyed.

Note 2: Do not start transferring due to another mater from writing a slave address to be output to the

SBIDBR to writing a start condition generation command to the SBICR2. The serial bus
interface circuit malfunctions because it has not an arbitration function.

===

SCL pin ! 1 2 3 4 5 6 7 8 9
1 —-—

1
1
. 1
SDA pin i \

/a6 XAas  Xa4  Xa3 XAz Xa1 XA0  XR/W )’\_ K
. SN J
N Acknowledge
Start condition signal from a

Slave address + direction bit slave device

<PIN> |
INTS2 C -

interrupt
request n

Figure 3.10 (10) Start Condition Generation and Slave Address Transfer
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3)

@

INTS2
interrupt request

1-word Data Transfer

Test SBISR <MST> by the INTS2 interrupt process after a 1-word data transfer is completed, and
determine whether the mode is a master or slave.

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

Check SBISR <LRB>. When <LRB> is“1”, areceiver does not request data. Implement the process to
generate the stop condition (described later) and terminate data transfer.

When <LRB> is “0”, the receiver requests new data. When the next transmitted data is 8-bits, write it
to the SBIDBR. When the next transmitted data is other than 8 bits, set SBICR1 <BC2 to 0>, set
SBICR1 <ACK> to “1”, and write the transmitted data to the SBIDBR. After writing the data, SBISR
<PIN> becomes “1”, the 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. After the data is transmitted, the INTS2 interrupt
request occurs. <PIN> becomes “0” and the SCL pin is set to the low level. If the data to be
transferred is more than one word in length, repeat the procedures from <LRB> test mentioned above.

—— Write to SBIDBR

SCL pin 1 2 3 4 5 6 7 8 9

SDA pin D7 XD6 XD5 XP4 Xp3 Xp2 XDt XDbo M\ [

Acknowledge signal

<PIN> __I <Ifmmireceiver

Figure 3.10 (11) Example of when <BC2to 0> ="000", <ACK>="1"
(Transmitter mode)
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When <TRX> is “0” (Receiver mode)

When the next transmitted data is 8 bits, write the transmitted data to the SBIDBR. When the next
transmitted data is other than 8 bits, set SBICR1 <BC2 to 0> again. Set <ACK> to “1” and read the
received data from the SBIDBR to release the SCL line. The read data is undefined immediately after
the slave address is set.) After the data is read, <PIN > becomes “1”. The TMP93CS44/S45 outputs the
serial clock pulse to the SCL pin to transfer new 1-word of data and sets the SDA pin to “0”, when the
acknowledge signal is set to low level at the final bit.

The INTS2 interrupt request then occurs and <PIN > becomes “0”. The SCL pin is set to the low level.
The TMP93CS44/S45 outputs a clock pulse for 1-word of data transfer and the acknowledge signal each
time that received data is read from the SBIDBR.

Read SBIDBR

SCL pin

SDApin D7 ¥D6 ¥D5 X¥D4 ¥D3 ¥D2 ¥D1 ¥DO X . L x ' New D7
<PIN> _ _ J | to a_tr_ansmitter
INTS2 <:

interrupt request = — I-I_

Figure 3.10 (12) Example of when <BC2to 0> ="000", <ACK>="1"
(Receiver mode)

In order to terminate the transmitting data to the transmitter, set <ACK> to “0” 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 is transmitted and an interrupt request has occurred, set <BC2 to
0> to “001” and read the data. The TMP93CS44/S45 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 the ACK signal. The receiver indicates to the transmitter that data
transfer is complete.

After 1-bit data is received and the interrupt request has occurred, the TMP93CS44/545 generates the
stop condition and terminates data transfer.

SCL pin 1 2 3 2 5 6 7 8 1
SDADIN ~—— T VeV V- Y S e VL V- Vel L O
PN __D7__AD6 _AD5 DA _AD3 _ADZ NPT AP0, Z

Acknowledge signal
sent to a transmitter

<PIN> zl_l <H <||_|_

INTS2
interrupt request —I-l

"

R

————

"= <ACK> “001" = <BC2to 0>
ad SBIDBR Read SBIDBR

Output of Master
= = = = Output of Slave

o O.

Figure 3.10 (13) Termination of data transfer in master receiver mode
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(@ When < MST> is “0” (Slave mode)

In the slave mode, the TMP93CS44/S45 operates either in normal slave mode or in recovery process

after a noise detection.

In the slave mode, an INTS2 interrupt request occurs when the serial bus interface circuit 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
TMP93(CS44/S45 operates in a slave mode if a noise is detected. An INTS2 interrupt request occurs
when word data transfer terminates after a noise detection. When an INTS2 interrupt request occurs,
the SBISR <PIN > is reset, and the SCL pin is set to low level. Either reading or writing from or to the
SBIDBR or setting the <PIN > to “1” releases the SCL pin after taking t;,ow time.

The TMP93CS44/545 tests the SBISR <AL>, the SBISR <TRX >, the <AAS>, and the <ADO0> and
implements processes according to conditions listed in the next table.

Table 3.10 (1) Operation in the Slave Mode

TMP93CS44/545 terminates receiving of 1-
word data.

< TRX>|<AL> |<AAS>|<ADO> Conditions Process

1 0 1 0 [Intheslave receiver mode, the Set the number of bitsin 1 word to
TMP93CS44/S45 receives a slave address <BC2 to 0> and write transmitted
of which the direction bit sent from the data to the SBIDBR.
masteris "1".

0 0 In the slave transmitter mode, 1-word Check <LRB>. If <LRB> issetto

data is transmitted. "1",set <PIN>to "1" since the

receiver does not request next data.
Then, clear <TRX> to “0" release
the bus. If <LRB> issetto "0", set
the number of bits in a word to
<BC2 to 0> and write transmitted
data to the SBIDBR since the
receiver requests next data.

0 1 0 0 |The TMP93CS44/S45 loses arbitration Read the SBIDBR for setting <PIN>
when transmitting a slave address or data | to "1" (reading dummy data) or
and terminates transferring word data. write "1" to <PIN>.

0 1 1/0 |Inthe slave receiver mode, the
TMP93CS44/S45 receives a slave address
or GENERAL CALL of which the direction
bit sent from the masteris "0".
0 1/0 |Inthe slave receiver mode, the Set the number of bits in a word to

<BC2 to 0> and read received data
from the SBIDBR.
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(4) Stop Condition Generation

When SBISR <BB> is “1”, a sequence of generating a stop condition is started by writing “1” to
SBICR2 <MST, TRX, PIN >, and “0” to <BB>. Do not modify the contents of <MST, TRX, BB, PIN >
until the stop condition is generated on the bus. When a SCL line of bus is pulled down by other device
the TMP93CS44/S45 generates a stop condition after they release a SCL line.

1" > <MST>
1" > <TRX>

"0”" > <BB>

"1" > <PIN>

SCL pin -

SDA pin \ i / '

<PIN>

<BB> (Read) ~

Figure 3.10 (14) 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 the TMP93CS44/345.

Clear “0” to the <MST>, <TRX>, and <BB> and set “1” to the <PIN>. 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 TMP93CS44/S45 is released. Test the <LRB> until it becomes “1” to check that the
SCL line of the bus is not set to 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 us of waiting time by software from the
time of restarting to confirm that the bus is free until the time to generate the start condition.

1" > <MST>
"1" > <TRX>

"1" - <BB> }
“1" = <PIN> N
— Start condition

< 4.745 (Min.) _>| 4

"0" = <MST>
"0" = <TRX>

"0" - <BB> }
"1”" - <PIN>
SCL (Bus) / \

SCL pin (TMP93CS44/545) / 9 \

-

/
|

N

i R

1
T
1
1
1
1
1
1
1
L

SDA pin 2_/ (
1 I

<LRB>

<BB> I I

<PIN> | I

Figure 3.10 (15) Timing diagram when restarting the TMP93CS44 / S45
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3.10.6 Clock-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 clock-synchronous 8-bit SIO mode.

Serial Bus Interface Control Register 1

7 ¢ 6 i s i o4 o3 i o2 i o1 i g
SBICRT I Symbol | SIOS | SIOINH | SIOM1 : SIOMO | T sck2 | scK1 i SCKO
(004BH) : : :
Read/Write \i4 : : W
Afterreset| 0 ¢ 0 { 0 i 0 i P00 i 0 10
Prohibit Indication:Continue :Transfer mode select : :Serial clock selection
read- transfer :/Abort  :00: 8-bit transmit :
modify- . start/stop:transfer :01: (reserved)
write Function 0: Stop  :0: Continue :10: 8-bit transmit/
1:start  :i1: Abort : receive
: 11: 8-bit receive
|
|—»Serial clock selection
000 | fc/25 (625 kHz)
001 | fc/25 (312.5 kHz)
010 | fc/27 (156.3 kHz) System clock : fc
011 | fc/28 (78.13kHz) > | Clock gear : fc/1
100 | fc/20 (39.06 kHz) | \fc=20MHz (Output on SCK PIN)
101 | fc/210( 19.53 kHz)
110 | fe/211( 9.77 kHz)
111 | External clock (input from SCK pin)
L » Transfer mode select
00 | 8-bittransmit mode
01 |reserved
10 | 8-bit transmit/receive mode
11 | 8-bit receive mode
Continue/ abort transfer
0 [ Continue transfer
1 | Abort transfer (automatically cleared after abort)
Indicate transfer start/ stop
0 |Stop
1 |Start
Note: Set <SIO> to“0” and <SIOINH > to “1” when setting the transfer mode and the serial
clock.
Serial Bus Interface Data Buffer Register
7 ¢ 6 i o5 i o4 o3 i o2 i o1 i g
(SOBOI4DCB:|{) bitSymbol | DB7 : DB6 : DB5 : DB4 : DB3 : DB2 : DB1 : DBO
Read/Write R (receive) / W (send)
Prohibit After reset Undefined
read-
modify-
write

Figure 3.10 (16) - 1 Registers for SIO Mode
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Serial Bus Interface Control Register 2
7 i 6 i 5 i a4 i o3 i 2 1 0
(%%'fgj) bitSymbol | - _ - _ 1 SBIMI | SBIMO _ -
Read/Write : : : : W
After reset 0 0 0 1 : 0 0 0 0
Prohibit : : : ‘Serial bus interface
read- ‘operation mode
modify- iselection
write Function :00: Port mode
i01: SI0O mode
:10: I°C bus mode
i11: (reserved)
Serial bus interface operation mode selection
00 | Port mode (serial bus interface output disable)
01 | SIO mode
10 | I’Cbus mode
11 | (reserved)
Note 1: Switch a mode to port after data transfer is complete.
Note 2: Switch a mode to SIO mode after confirming that input signals via port are high
level.
Serial Bus Interface Status Register
7 ¢ 6 i s i a4 i o3 i 2 i 1 i 0
SBISR  Iiitsymbol | - - - _ 1 sioF SEF ¢ - | -
(004EH) - . :
Read/Write : : : : R : :
After reset o { o0 { 0 { 1 i 0 i 0 i 0 i 0
Prohibit : : : ‘Serial ishift :
read- itarnsfer operating':
modify- Function ioperating istatus :
write istatus ‘monitor
‘monitor

!

Sift operating status monitor

0 | Shift operation terminated

1 [ Shift operationin process

Serial transfer operating status monitor

0 | Transfer terminated

1 | Transfer in process

Figure 3.10 (3) - 2 Registers for SIO Mode
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(1) Serial Clock
@ Clock source
SBICR1 <SCK2 to 0> are used to select the following functions.
Internal Clock

In the internal clock mode, any 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
|e———|

SCK pin output LML L7 ]e 11 [2771 [l [7] T8l 1] [2] 3
sopinoutout N2 Xar Xez aasXar  XboXor, ba XX baXbrXeo Xei Xez
_J =

Write transmitted data :X a X b X C

Figure 3.10 (17) Automatic-wait Function

External clock (<SCK 2 to 0> =“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 levelsin the serial clock. The
maximum data transfer frequency is 625k Hz (at fe =20MHz).

SCK pin | |_| I'&'I [ L

tsekL tsckH
tsekLs tsexn > 4 teyc Note : tcyc =4/frpy (in NORMAL mode, IDLE mode)

Figure 3.10 (18) External Clock
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@

Shift edge

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

Leading edge shift

Data is shifted on the leading edge of the serial clock (at the falling edge of the SCK pin input/output).
Trailing edge shift

Data is shifted on the trailing edge of the serial clock (at the rising edge of the SCK pin input/output).

SCK pin 1|VIVIVIVIVIVIVI
SO pin é\bito X bitt X bit2 X bit3 X bita X bits X bite X bit7

Shift register X654321(X*7554321 +5765432 K % 5576543 K x # 447658 4444765 K w4276 x # w w6527

(a) Leadingedge

SCK pin II:IAIAIAIAIAIAIA
SO pin \biitO X bit1 X bit2 X bit3 X bita X bits X bite X bit7

Shlftrengter ********X}******X10****** 210%%x%x% X3210%xxx K 43210%x% X543210** X 6543210xA 76543210

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

Figure 3.10 (19) Shift Edge

Transfer mode

SBICR1 <SIOM1, 0> are used to select a transmit, receive, or transmit/receive mode.

) 8-bit transmit mode

Set a control register to a transmit mode and write data to the SBIDBR.

After the data is written, set SBICR1 <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 INTS2 (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.

When the transmit is started, after SBISR <SIOF > goes “1” the same value as the final bit of the last
data is output until the falling edge of the SCK.

Transmitting data is ended by clearing <SIOS> to “0” with the buffer empty interrupt service
program or setting SBICR1 <SIOINH> to “1”. When <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 <SIOF >
to be sensed. <SIOF > is cleared to “0” when transmitting is complete. When <SIOINH > is set to “1”,
transmitting data stops. <SIOF> turns “0”.

When the external clock is used, it is also necessary to clear <SIOS> to “0” before new data is shifted;
otherwise, dummy data is transmitted and operation ends.
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Clear <SIOS>

<SI0S>

<SIOF> |
g |

<SEF>

SCK pin (output)

SO pin

INTS2 interrupt

request
SBIDBR Xa Xb
Write transmitted data (a) Internal clock
Clear <SIOS>
<SI0S>
<SIOF>
<SEF>

SCK pin (input)

SO pin

INTS2 interrupt "\ n
request

\
SBIDBR ﬂ b

Write transmitted data

(b) External clock

Figure 3.10 (20) Transfer Mode

Example: Program to stop transmitting data (when external clock is used)

STEST1 : BIT SEF, (SBISR) ; If<SEF>=1 then loop
JR NZ,STEST1
STEST2 : BIT 2,(P3) ; IfSCK=0 then loop

JR Z,STEST2
LD (SBICR1),00000111B ; <SIOS> «0

SCK pin | |
<SIOF> L

SO pin bit6 X bit? 7

tsopH = Min. 3.5/fgpy [s] (In normal mode)

Figure 3.10 (21) Transmitted Data Hold Time at end of transmit
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@ 8-bit Receive Mode

Set the control register to a receive mode and SBICR1 <SIOS> to “1” for switching to the receive mode.
Data is received from the SI 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 INTS2 (buffer full) interrupt request is generated to request to read 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 from the SBIDBR before next serial clock input. 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 <SIOS> to “0” with the buffer full interrupt service program or
setting SBICR1 <SIOINH> to “1”. When <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 SBISR <SIOF> to be sensed. <SIOF> is cleared to “0”
when receiving is complete. After confirming that receiving has ended, the last data is read. When
<SIOINH > is set to “1”, receiving data stops. <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, receiving data is concluded by clearing <SIOS> to “0”, read the last data, and
then switch the mode.

[«—— Clear <SIOS> —>

<SI0S>

<SIOF>

<SEF>
SCK pin (output)
Sl pin

INTS2 interrupt
request

SBIDBR X 3 X b

Read received data Read received data

Figure 3.10 (22) Receive Mode (Example : Internal clock)
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® 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 SBICR1<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 SI pin on the trailing edges of the serial
clock. The 8-bit data is transferred from the shift register to the SBIDBR, and the INTS2 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.

When the transmit is started, after SBISR <SIOF > “1” output from the SO pin holds final bit of last
data until falling edge of the SCK.

Transmitting/receiving data is ended by clearing <SIOS> to “0” by the INTS2 interrupt service
program or setting SBICR1 <SIOINH> to “1”. When <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 SBISR <SIOF > to be sensed.
<SIOF> becomes “0” after transmitting/receiving is complete. When <SIOINH> is set,
transmitting/receiving data stops. <SIOF> turns “0”.

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

[«———— cClear <SI05> —>1

<sI0S> _e /L _________ |
—

<SIOF>

<SEF>

SCK pin
(output)
SO pin

Sl pin

INTS2 interrupt " "
request

SBIDBR X a Xc?(b X d
A Y Y

Write transmitted Read received Write transmitted Read received
data (a) data (¢) data (b) data (d)

Figure 3.10 (23) Transmit/Receive Mode (Example : Internal clock)
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SCK pin | I
<SIOF> |

SOpin bité X Bit 7 in last transmitted word /

~—
tsopn = Min. 4/fepy [s] (In normal mode)

Figure 3.10 (24) Transmitted Data Hold Time at end of transmit/receive
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3.11 Analog/Digital Converter

TMP93CS44 / S45 incorporate a high-speed, high-precision 10-bit analog/digital converter (A/D
converter) with 8-channel analog input.

Figure 3.11 (1) is a block diagram of the A/D converter. The 8-channel analog input pins (ANO to AN7)
are also used as input-only Port5 and can be also used as input ports.

S Internal Data Bus S
ADMOD1 <ADTRGE> ADMODO
<ADCH2t00>  <VREFON> <EOCF> <ADBF > <ITM0 > <REPET > <SCAN> <ADS$>

; scan

o

o repeat

> o interrupt
a] busy ADTRG
end
—| start
Channel Select A/D converter INTAD
control circuit Interrupt
Analog Input
AN7(P57) [} &
AN6 (P56) [ | x
ANS5 (P55) D., o A/D Conversion
AN4 (P54) D" ;_ Sample " Result Register
AN3/ADTRG (P53) D_, — Hold ADREGO0A4L to 37L
AN2 (P52) D_’ + _ ADREGO4H to 37H
ANT(PST) [T, ] 5
ANO (P50) |:| =
o ¢
VREFH[] © D/A Converter <
VReFL[ ]

Figure 3.11(1) Block Diagram of A/D Converter

Note1: When the power supply current is reduced in IDLE2, IDLE1, STOP mode, there is possible to set a
standby enabling the internal comparator due to a timing. Stop operation of A/D converter before
execution of “HALT” instruction.

Note 2: Inregard to the lowest operation frequency
The operation of A/D converter is guaranteed with clock of fppg = 4 MHz (used fc clock). Is not
guaranteed with fs clock.
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3.11.1 Analog/Digital Converter Registers

A/D converter is controlled by two A/D mode control registers (ADMODO and ADMOD1). A/D
conversion result is stored in eight A/D conversion result registers (ADREG04H/L, ADREG15H/L,
ADREG26H/L, ADREG37H/L).

A/D Mode Control Register 0

7 i 6 i 5 i 4 i 3 i 2 i 1 i 0
ADMODO | BitSymbol | EOCF : ADBF : - i - © ITMO : REPET i SCAN  ADS
005EH -
( ) Read/Write R : R/W
After reset o ¢ o { o0 < 0 i 0o i 0o i o0 i o0
AD AD (Note) (Note) ESpecifies ERepeat mode? Scan mode AD
Function | conversion : conversion : Lt . iinterrupts for gpecification : specification : conversion
: T Al LAl e : : :
end flag : busyflag llo\f:/ayswnteg O\t:/ayswntegflxed channelig single 0 :Fixed- : start
0:Conver- : 1:Conver- : P /repeat- : conver- ! channel :0:Don't
o : o : iconversion ) : :
sionin 1 sionis @ : ‘mode. : sionmode: mode i care
progress : idle : : ‘0 ‘Every :1:Repeat :1:Channel :1:Start
1:Conver- 1:Conver- i conversion; conver- i scanmodei conver-
sionend : sionin : i1:Everyfour i sionmode! i sion
i progress : i conversions | (Note)
I—’ A/D conversion start

0 | Don'tcare

1 Start A/D conversion

(Note) Alwaysread as “0”.

—> A/D scan mode specification
0 | A/D conversion fixed-channel mode

1 | A/D conversion channel scan mode

—> A/D repeat mode specification
0 | A/Dsingle conversion mode

1 | A/Drepeat conversion mode

» A/D conversion interrupt specification for fixed-
channel/repeat-conversion mode

Fixed channel/repeat conversion mode
<SCAN> = "0", <REPET>= "1"

0 Generates interrupt every conversion.

1 Generates interrupt every four conversions.

A/D conversion busy flag
0 | A/Dconversionisidle

1 | A/D conversion in progress

A/D conversion end flag
0 | A/Dconversion in progress

1 | A/D conversion end

Figure 3.11(2) -1 Register for A/D Converter
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A/D Mode Control Register 1

7 ¢ 6 i 5 i 4 i 3 12 i Poo0
ADMOD1 |BitSymbol | VREFON : : ADTREG | ADCH2 : ADCH1 i ADCHO
(005FH)  [Readwrite | R/W RIW
After reset 1 0 0 0 0
String EExternaI
resistor : : : itrigger start :
Function [0:OFF | : : L control Analog input channel
1: ON i0:Disable
i1:Enable

—> Analog input channel selection

<SCAN> 0 1

(channel) (channel)
<ADCH2to 0> fix scan

1 Enable

— > Analog reference voltage control

(Note) Setthe <VREFON> bitto “1” before starting conversion
(before writing “1” to ADMODO0<ADS>).

(Note) Asthe AN3 and the ADTRG are the same pin, <ADCH2 to 0> =“011” can’t be set
when <ADTRGE > isset to 1 and ADTRG is used.

Figure 3.11(2) - 2 Register for A/D Converter
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A/D Conversion Result Register 0/4 Low
7 ¢ 6 i 5 i a4 i 3 i 2 1 i o0
ADREGOAL | bitSymbol | ADRO1 : ADR0O : : . ADRORF
(0060H) Read/Write R : R
Afterreset Undefined : : 0
Function | Storeslower 2 bits of : “Conversion
AJD conversion result. : ;E:: festored
$1: Exist result
A/D Conversion Result Register 0/4 High
7 ¢ 6 i 5 i o4 i 3 i 2 10
ADREGO4H| bit Symbol ADRO09 ADRO08 ADRO7 ADRO6 : ADRO5 ADRO04 ADRO3 ADRO02
(0061H) Read/Write R
Afterreset Undefined
Function Stores upper 8 bits of A/D conversion result.
A/D Conversion Result Register 1/5 Low
7 ¢ 6 i 5 i a4 i 3 i 2 1 i o0
ADREG15L | bitSymbol | ADR11 | ADR10 ' : : . ADRIRF
(0062H) Read/Write R R
Afterreset Undefined : : 0
Function | Storeslower 2 bits of : “Conversion
AJD conversion result. : ;E:: festored
i1: Exist result
A/D Conversion Result Register 1/5 High
7 ¢ 6 i 5 i o4 i 3 i 2 10
ADREG15H| bitSymbol | ADR19 | ADRI8 : ADR17 : ADR16 i ADRI5 i ADR14 i ADRI3 | ADRI2
(0063H) Read/Write R
Afterreset Undefined
Function Stores upper 8 bits of A/D conversion result.
9 8 7 6 5 4 3 2 1 0
Channel X conversion result
L . 1
ADREGXH l I ADREGXL
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Y

@ Bits 5to 1 are always read as “1”.

® Bit 0 is conversion result stored flag bit <ADRXRF >.
<ADRXRF > is set to “1” when the A/D conversion result
is stored. Reading either the ADREGXH or the ADREGXL
registers clears <ADRXRF > to “0”.

Figure 3.11 (2) - 3 Registers for A/D Converter
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A/D Conversion Result Register 2/6 Low

7 ¢ 6 i o5 i o4 i3 12 i1 i o0

ADREG26L | bitSymbol | ADR21 : ADR20 . ADR2RF
(0064H) [Read/write R R
After reset Undefined 0

Function | Storeslower 2 bitsof : :Conversion
‘result stored

A/D conversion i tflag

result. : : : i1: Exist result

A/D Conversion Result Register 2/6 High
7 ¢ 6 i o5 i o4 i3 i o2 i1 i 0

ADREG26H| bitsymbol | ADR29 : ADR28 : ADR27 : ADR26 : ADR25 : ADR24 : ADR23 : ADR22
(0065H) ' ' ' : ' ' '

Read/Write R
After reset Undefined
Function Stores upper 8 bits of A/D conversion result.

A/D Conversion Result Register 3/7 Low

7 ¢ 6 i o5 i o4 i3 12 i1 i oo

ADREG37L | bitSymbol | ADR31 : ADR30 : . ADR3RF
(0066H) [Read/write R R
After reset Undefined 0

Function | Storeslower 2 bitsof : :Conversion
‘result stored

A/D conversion i tflag

result. ; : : i1: Exist result

A/D Conversion Result Register 3/7 High
7 ¢ 6 i o5 i o4 i3 i o2 i1 i 0

ADREG37H| bitSymbol | ADR39 : ADR38 : ADR37 : ADR36 : ADR35 : ADR34 : ADR33 : ADR32
(0067H) ' ' ' : ' ' '

Read/Write R
After reset Undefined
Function Stores upper 8 bits of A/D conversion result.

Channel X conversion result

L o ]
ADREGXH l l ADREGXL

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

~"
Bits 5 to 1 are always read as “1”.

® Bit 0is conversion result stored flag bit <ADRXRF >.
<ADRXRF > is set to “1” when the A/D conversion
result is stored. Reading either the ADREGXH or the
ADREGXL registers clears <ADRXRF > to “0”.

Figure 3.11 (2) -4 Registers for A/D Converter
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3.11.2

(1

(2)

3)

Operation
Analog Reference Voltage

High analog reference voltage is applied to the VREFH pin, and low analog reference voltage is applied
to the VREFL pin. The voltage between VREFH and VREFL is divided into 1024 increments using a
string resistor. A/D conversion is based on comparing the analog input voltage with these reference
voltage increments.

To turn the switch between VREFH and VREFL off, write “0” to the ADMOD1 <VREFON > bit.

To start A/D conversion when the switch is off, first write “1” to <VREFON>. After that, wait at 3 us
long enough to get the stabilized oscillation, write “1” to ADMODO <ADS>,

Selecting Analog Input Channels

The procedure for selecting analog input channels depends on the operating mode of the A/D converter.

® When analog input channel is used to fix (ADMODO0 <SCAN > = “0”)

To set ADMOD1 <ADCH2 to 0>, selecting one channel from analog input pins ANO to AN7.
® When analog input channel is used to scan (ADMODO0<SCAN> = “1”)

To set ADMOD1 <ADCH2 to 0>, selecting one channel from 8 scan mode.

Table 3.11 (1) shows the analog input channel selection each operating mode.

A reset initializes ADMODO<SCAN > to “0” and ADMOD1<ADCH2 to 0> to “000”, selecting pin
ANO for the A/D converter input.
The pins not used as analog input channels can be used as general-purpose input ports (P5).

Table 3.11 (1) Analog Input Channel Selection

<ADCH2 t0 0> Fixed Channel Channel Scan
<SCAN>=0 <SCAN> =1
000 ANO ANO

............. G RN ARG AN
............. BTG N N AN AN
............. BT RN NG AN T AN AN
............. 7 SRR L SR IR
............. g L
............. e T AN AN AN
............. S H e T T R LR

Starting A/D Conversion

A/D conversion starts when ADMODO<ADS> to “1”, or ADMOD1<ADTRGE > is set to “1” and the
falling edge is input through ADTRG pin.

When A/D conversion starts, A/D conversion busy flag ADMODO0<ADBF >is set to “1”, indicating A/D
conversion is in progress.

Writing “1” to <ADS> while conversion is in progress restarts the conversion. Check the conversion
result stored flag ADREGxXL<ADRxRF > to determine whether the A/D conversion data are valid at
this time.

Inputting the falling edge to the ADTRG pin while conversion is in progress is invalid.
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(4)

A/D Conversion Modes and Completion Interrupt
Follow the four A/D conversion modes are supported.

Fixed channel single conversion mode
Channel scan single conversion mode

Fixed channel repeat conversion mode
Channel scan repeat conversion mode

A/D conversion mode can selected by setting A/D Mode Control Register ADMODO <REPET, SCAN >,
When A/D conversion end, A/D conversion completion interrupt INTAD request occurs. And the
ADMODO<EOCF > flagis set to “1” to indicate that A/D conversion has completed.

Fixed Channel Single Conversion Mode

Fixed channel single conversion mode can be specified by setting ADMODO <REPET, SCAN > to “00”.
In this mode, conversion of the specified single channel is executed once only. After conversion is
completed, ADMODO<EOCF > is set to “1”, ADMODO <ADBF > is cleared to “0” and occurs INTAD
interrupt request.

Channel Scan Single Conversion Mode

Channel scan single conversion mode can be specified by setting ADMOD0O <REPET, SCAN > to “01”.
In this mode, conversion of the specified channel are executed once only. After conversion is completed,
ADMODO<EOCF> is set to “1”, ADMODO<ADBF> is cleared to “0” and occurs INTAD interrupt
request.

Fixed Channel Repeat Conversion Mode

Fixed channel repeat conversion mode can be specified by setting ADMOD0 <REPET, SCAN > to “10”.
In this mode, conversion of the specified single channel is executed repeatedly. After conversion is
completed, ADMODO <EOCF> is set to “1”, ADMODO <ADBF > remains “1” not changed to “0”. The
timing of INTAD interrupt request can selected by setting of ADMODO <ITMO >.

When <ITMO > is set to “0”, interrupt request occurs after every conversion.

When <ITMO> issetto “1”, interrupt request occurs after every fourth conversion.

93CS44-181



TOSHIBA

TMP93CS44/TMP93CS45

@ Channel Scan Repeat Conversion Mode

Channel scan repeat conversion mode can be specified by setting ADMODO0 <REPET, SCAN > to “11”,

In this mode, specified channels are converted repeatedly.

After every scan convert completion,

ADMODO<EOCF> is set to “1” and INTAD interrupt request occurs. ADMODO<ADBF > remains
“1”, not changed to “0”.

To stop the repeat conversion mode (® and @ modes), write “0” to ADMODO<REPET>. After the
current conversion is completed, repeat conversion mode is terminated, and ADMODO<ADBF> is
cleared to “0”.
If the device enters the IDLE2, IDLE1 or STOP modes during A/D conversion, the conversion halt
immediately. After the halt mode is released, A/D conversion restarts from the beginning in repeat
conversion mode (3 and @), it does not restart in single conversion mode (O and @).

Table 3.11 (2) shows the relations between A/D conversion modes and interrupt request.

Table 3.11(2) Relation between A/D Conversion Modes and Interrupt Request

Mode Interrupt Request ADMODO
Timing <ITMO> [<REPET>| <SCAN >
Fixed channel .
. . After conversion X 0 0
single conversion mode
Channel scan .
. . After conversion X 0 1
single conversion mode
Fixed channel repeat conversion After every 0
mode (Every conversion) conversion
1 0
Fixed channel repeat conversion After every fourth 1
mode (Every fourth conversion) conversion
Channel scan After every scan % 1 1
repeat conversion mode conversion

X: Don'tCare

(5) A/D Conversion Time

140 states (14 us at fc=20 MHz) are required for A/D conversion of one channel.
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(6)

Storing and Reading the A/D Conversion Result

A/D conversion results are stored in A/D conversion result registers high/low (ADREGO04H/L to
ADREG37H/L). These registers are read only.

In fixed channel repeat conversion mode, A/D conversion results are stored in order from ADREG04H/L
to ADREG37H/L. Except in this mode, A/D conversion results for channel ANO and AN4, AN1 and
ANS5, AN2 and AN6, AN3 and AN7 are stored severally ADREG04H/L, ADREG15H/L, ADREG26H/L,
ADREG37H/L.

Table 3.11 (3) shows correspondence between analog input channels and A/D conversion result
registers.

Table 3.11(3) Correspondence Between Analog Input Channels and
A/D Conversion Result Registers

A/D Conversion Result Registers
Analog Input i
g Inp Conversion Modes Fixed Chapnel Repeat
Channel (port5) ) Conversion Mode
Except Right (Every fourth conversion)
ANO ADREGO4H/L
AN1 ADREG15H/L ADREGO4H/L
AN2 ADREG26H/L ADREG15H/L
AN3 ADREG37H/L
AN4 ADREGO4H/L ADREG26H/L
AN5 ADREG15H/L
AN6 ADREG26H/L ADREG37H/L
AN7 ADREG37H/L

A/D conversion result registers bit “0” is A/D conversion result stored flag <ADRxRF>. The flag
shows that whether those registers are read or not. When A/D conversion results are stored in those
registers (ADREGxH or ADREGxL), this flag is set to “1”. When each register is read, this flag is
cleared to “0”, and A/D conversion end flag ADMODO <EOCF > is also cleared to “0”.
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Setting example :
@ This example converts the analog input voltage at the AN3 pin. The INTAD interrupt routine
writes the result to memory address 0800H.

Main routine setting:
76543210

INTEOAD « 00001100 Enables INTAD and sets level 4.
ADMOD1 « 1 XXX 0011 Sets analog input channel to AN3.
|ADMODO0 « X X 00000 1 Starts A/D conversion in fixed channel single conversion mode.

Example of interrupt routine processing:

WA < ADREG37 Reads ADREG37L and ADREG37H values and writes them to
WA (16 bits).

WA >> 6 Shifts right WA six times and zero-fills the upper bits.

(0800H) « WA Writes contents of WA to memory address 0800H.

(@ This example repeatedly converts the analog input voltages at pins ANO to AN2, using channel scan
repeat conversion mode.

INTEOAD « 0 0 0 01000 Disables INTAD.

ADMODLT « 1 XXX 0010 Sets ANO to AN2 as analog input channels.

ADMOD0 « X X 000111 Starts A/D conversion in channel scan repeat conversion mode.
(Note) X: Don’t care - : no change
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3.12 Watchdog Timer (Runaway Detecting Timer)

TMP93CS44 / S45 contain a watchdog timer of Runaway detecting.

The watchdog timer (WDT) is used to return the CPU to the normal state when it detects that the CPU
has started to malfunction (runaway) due to causes such as noise. When the watchdog timer detects a
malfunction, it generates a non-maskable interrupt INTWD to notify the CPU of the malfunction.
Connecting the watchdog timer output to the reset pin internally forces a reset.

This watchdog timer consists of 7-stage and 15-stage binary counters.

These binary counters are also used as a warm-up timer for the internal oscillator stabilization. This is
used for releasing the STOP and before changing system clock.

3.12.1 Configuration
Figure 3.12 (1) shows the block diagram of the watchdog timer (WDT).

o0 Reser

Internal reset WDMOD <RESCR>

—— > WDTl Interrupt
SYSCROKWUEF> ~—

I enable Reset
el Qs ﬁwomon <WDTE>
T R Write Disable Code
to WDCR
WDMOD <WARM > —=| Selector Selector [«—wWDMOD
(B1H)
T45CR<QCU> f ) <WDTP1, 0>
5 5 27 29 |211|213]215
_ % 7 stage % 15 Stage Binary Counter SYSCRO<WUEF>
) o B Binary » t
—| + rese
° I Counter reset Write Clear Code
— 2
WDT _ h R to WDCR
s /warm-up changing HALT Instruction (4EH)
(STOP, IDLE1 mode)
fc/fs changing of warm-up clock

CPU

.
XT1 Hfe

]

SYSCR1<SYSCK>

fe fc/2 fc/4 fc/s 1‘6/,t
SYSCR1<GEAR2to 0>

X1 I:I—%z 48 16|

Figure 3.12 (1) Block Diagram of Watchdog Timer/Warm-up Timer

Selectorl

—|Selector
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The watchdog timer consists of 7-stage and 15-stage binary counters which use System clock (fgyg) as
the input clock. The 15-stage binary counter has fgyg/215, fgyg/217, fgyg/219 and fgys/221 output.
Selecting one of the outputs with the WDMOD <WDTP1, 0> register generates a watchdog interrupt
and outputs watchdog timer out when an overflow occurs. The binary counter for the watchdog timer
should be cleared to “0” with runaway detecting result software (instruction) before an interrupt occurs.

(Example)
LDW (WDMOD),B100H ; disable
LD (WDCR), 4EH ;  write clear code
SET 7, (WDMOD) ; enable again

The runaway detecting result can also be connected to the reset pin internally. In this case, the
watchdog timer resets itself.

((
WDT Counter __n X 84%067777X « X 0
1
WDT Interrupt | | «
Clear code of wri’t’e
WDT Clear (C I I

(Soft ware) )

Figure 3.12 (2) Normal Mode

Over flow

WDT Counter n

(4
R

WDT Interrupt

£
R

LC I

)
|

I 81t0 20 states (12.8 to 32 s at 20 MHz) !

Internal Reset

hy

Figure 3.12 (3) Reset Mode

For warm-up counter, 2" and 2° output of 15-stage binary counter can be selected using
WDMOD<WARM?> register. When a stable-external oscillator is used, shorter warm-up time is
available using T45CR <QCU > register. When <QCU > =1, counting value 27 is selected.

When the watchdog timer is in operation, this shorter warm-up time function cannot be available. This
function can be available by setting <QCU > =0.
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3.12.2 Control Registers

(1
@

®

®

(2)

Watchdog timer WDT is controlled by two control registers WDMOD and WDCR.
Watchdog Timer Mode Register (WDMOD)
Setting the detecting time of watchdog timer <WDTP>

This 2-bit register is used to set the watchdog timer interrupt time for detecting the runaway. This
register is initialized to WDMOD <WDTP1, 0> =00 when reset.
The defecting time of WDT is shown Table 3.12. (1).

Watchdog timer enable/disable control register <WDTE >

When reset, WDMOD <WDTE > is initialized to “1” enable the watchdog timer.

To disable, it is necessary to set this bit to “0” and write the disable code (B1H) in the watchdog timer
control register WDCR. This makes it difficult for the watchdog timer to be disabled by runaway.
However, it is possible to return from the disable state to enable state by merely setting <WDTE > to
“1”‘

Watchdog timer out reset connection <RESCR >

This register is used to connect the output of the watchdog timer with RESET terminal, internally.
Since WDMOD <RESCR >is initialized to 0 at reset, a reset by the watchdog timer will not be
performed.

Watchdog Timer Control Register (WDCR)
This register is used to disable and clear of binary counter the watchdog timer function.
Disable control

By writting the disable code (B1H) in this WDCR register after clearing WDMOD <WDTE > to “0”, the
watchdog timer can be disabled.

WDMOD « 0 - = - - - X X Clear WDMOD<WDTE>to “0".
WDCR « 10110001 Werite the disable code (B1H).

Enable control
Set WDMOD <WDTE >to “1”.
Watchdog timer clear control

The binary counter can be cleared and resume counting by writing clear code (4EH) into the WDCR
register.
WDCR « 01001110 Write the clear code (4EH).

93CS44-187



TOSHIBA

TMP93CS44/TMP93CS45
7 ¢ 6 i 5 i o4 i o3 i 2 i 1 i o
bit Symbol | WDTE : WDTP1 | WDTPO : WARM : HALTM1: HALTMO : RESCR : DRVE
WDMOD -
Read/Write R/W
(OOSCH) T T T T T T T
After reset 1 : 0 : 0 : 0 : 0 : 0 : 0 : 0
WDT ESeIect detecting time Warm-up EStandby mode 1 'nferna”yé 1: Drive the
n0- ‘time : i connects :  pineven
control 100 215/fgys : : .
501: 217/fsys : :00: RUN mode WDTout :  inSTOP
: n1- toth d
Function 110: 219/fsys :01: STOP mode r:setepin : moce
0: Disable:11; 221/fys :10: IDLE1 mode : :
1: Enable : ;11: IDEL2 mode care
See Table 3.12.(1) :
I |
[3.3 Standby function |
Watchdog timer Enable / Disable control Watchdog timer out control
0 | Disable 0 |Don'tcare
1 | Enable 1 | Connects WDT out to a reset
Select the Warm-up time at fc=20 MHz, fs=32.768 kHz
Warm-up time
System clock G |
selection iy T45CR<QCU> =0 TA5CR<QCU> = 1
<SYSCK> <GEAR2to 0>
<WARM=0>|<WARM=1> <WARM> =X
XXX
0.500 2.000 3.9
1(fs) (Don't care) s s ms
000 (fc¢) 0.8192 ms 3.277 ms 6.4 s
001 (f¢/p) 1.638 ms 6.554 ms 12.8 45
0 (f¢) 010 (f¢/4) 3.277ms 13.107 ms 25.6 45
011 (forg) 6.554 ms 26.214 ms 51.2 45
100 (fc/‘IG) 13.107 ms 52.429 ms 102.4 45

Note: When the watchdog timer is in opelation, T45CR <QCU > set to “0”.

Figure 3.12 (4) Watchdog Timer Mode Register
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6 5 3 2 1 0
WDCR bit Symbol -
(005DH) Read/Write w

After reset

Function

4EH : WDT clear code

B1H : WDT disable code

L—> Disable/clear WDT

Disable code

Don't care

(Note) When the watchdog timer is in operation, T45CR <QCU > is set to “0”.

Figure 3.12 (5) Watchdog Timer Control Register

Table 3.12 (1) Watchdog Timer Detecting Time
at fc=20 MHz, fs=32.768 kHz

system clock Cear value Watchdog Timer Detecting Time
s<eISe\;:;ié)|2> <GEAR2 t0 0> WDMOD<WDTP1, 0>
00 01 10 1
1(fs) (I;f::]),(t care) 2,000 8.000 32.000s 128.0005
000 (fc) 3.277 ms 13.107 ms 52.429 ms 209.715ms
001 (f</7) 6.554ms 26.214 ms 104.858 ms 419.430 ms
0 (f¢) 010 (f¢/g) 13.107 ms 52.429 ms 209.715ms 838.861 ms
011 (ferg) 26.214ms 104.858 ms 419.430 ms 1.678s
100 (fc/46) 52.429 ms 209.715ms 838.861 ms 3.355s
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3.12.3 Operation

The watchdog timer generates interrupt INTWD after the detecting time set in the WDMOD <WDTP1,
0>. The watchdog timer must be zero-cleared by software before an INTWD interrupt is generated. If
the CPU malfunctions (runaway) due to causes such as noise, but does not execute the instruction used
to clear the binary counter, the binary counter overflows and an INTWD interrupt is generated. The
CPU detects malfunction (runaway) due to the INTWD Interrupt and it is possible to return to normal
operation by an anti-mulfunction program. By connecting the watchdog timer out pin to peripheral
devices’ resets, a CPU malfunction can also be acknowledged to other devices.

The watchdog timer stops its operation in the IDLE1 and STOP modes. In the RUN
mode, the watchdog timer is enabled.
However, the function can be disabled when entering the RUN, IDLE2 mode.

Example : @ Clear the binary counter

WCR « 01001110 Write clear code (4EH).

@ Set the watchdog timer detecting time to 217/ fgys
WDOMOD « 1 01 - - - X X

® Disable the watchdog timer.

WDMOD « 0 - - - - - XX Clear WDTE to “0”.
WCR « 10110001 Write disable code (B1H).

@ SetIDLE1 mode.

WDMOD « 0 - - - 10 X X Disables WDT and sets IDLE1 mode.
WDCR « 10110001
Executes HALT command Set the HALT mode

® Set the STOP mode (warming up time: 216/ fgyg)

WDMOD ¢« - - - 101X X Set the STOP mode.
Executes HALT command. Execute HALT instruction. Setthe HALT mode.
Note : X ; Don’t care - ; no change
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4, ELECTRICAL CHARACTERISTICS
41 Absolute Maximum Ratings
(TMP93CS44F, TMP93CSA45F)
Symbol Parameter Rating Unit
Ve Power Supply Voltage -0.5t06.5 Vv
VIN Input Voltage -0.5toVcc+0.5 Vv
loL1 Output current (Per 1 pin) P7 20 mA
loL2 Output current (Per 1 pin) except P7 2 mA
2 loL1 Output Current (P7 total) 80 mA
>loL Output Current (total) 120 mA
S loH Output Current (total) -80 mA
Pp Power Dissipation (Ta=85 TC) 350 mwW
TsOLDER Soldering Temperature (10s) 260 T
TstG Storage Temperature -65t0 150 T
Toprr Operating Temperature —-401t0 85 T
4.2 DCCharacteristics (1/2)
Ta= -40to 85°C
Symbol Parameter Min Typ. (Note1)| Max. [Unit Condition
______ 45 . fc=41020MHz _ :fs=30to
Ve Power Supply Voltage 57 5.5 \Y FCZ4%0 125 MHz 34 kHz
o 0.8 Vce = 4.5V
| B0 | 08 L Vee<aBY
ViL1 5 o | Port2 to 7 (except P35) 0.3 0.3Vcc
L FA Y Rtk sl S —0.3 | 2V
ViL2 c RESET, NMI, INTO 0.25Vcc
oL S R ietotiot S P ST [ PO N ritiafbudetl Vee=2.7 5V
vis [ B[EAAMgTe [T 03 cCm2tenS
ViLa X1 0.2Vcc
v 2.2 Vcc= 4.5V
AT -1 it B I v |Vee<asy
ViH....|[3 5| Port2to7 (exceptP35) | 0.7Vec | .. Vec+0.3
Vigz |2 > | RESET,NMI,iNTO "' 0.75Vee |~ ' Ve 2.7 t0 5.5V
Vig...| o|EAAvETe | Vee=031 o T
VIHa T|X1 0.8Vcc
loL=1.6 mA
V Low Vol 4
oo | |Outeuttowdetese Lol - (Vec=27105.5V)
16 . (Vee=5V£10 %)
o |Outputloweurrent(7) [y A YoL=TOV! (Ve 3v10%)
loH= —-400 «A
V 24 V
OH1 . (Vec =3V + 10%)
. Output ngh Voltage .........................................................................................................................
Vv 4.2 Vv lop= -400 A
OH2 ' (Vcc =5V +10%)
Note 1: Typical values are for Ta=25 °C and Voc =5 V unless otherwise noted.
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4.2 DC Characteristics (2/2)
Symbol Parameter Min [Typ.(Note1) Max |Unit Condition
) . Vext=15V
IDAR Darlington Drive Current 1.0 35 |mAlR
. —1. -3. ExT=1.1kQ
(Note2)| (8 Output Pins max.) (Vec =5V £ 10 % only)
I Input Leakage Current 0.02 +5 A 0.0=V|N=VcC
Lo Output Leakage Current 0.05 +10 |“" [02=VN=EVec-0.2
Power Down Voltage Vi2=0.2 Ve,
VSTOP | (at STOP, RAM Back up) 2.0 60 |V |Vin2=0.8Vee
...... a5 .30 [VeessEV T
. 50 160 Vcc=4.5V
e |Pull Up Resistance T g < ez
90 400 Vecc=2.7V
Cio |Pin Capacitance 10 pF |fc=1MHz
Schmitt Width
VTH | RESET, NMI, INTO 04 1.0 v
Icc |NORMAL (Note3) 19 25 Vee=5V+10%
RUN e s 7y fc =20 MHz
e R e 5
IDLE1 3.5 5 mA
NORMAL (Note3) 6.5 10 ¥cc =3V10%
RUR s G g =125 MHz
|D|_E2 ......................................................................... 45 .............. 65 ...... (Typ Veec=3.0 V)
T e s e FE
SLOW (Note3) 20 45 }/cc =3Vt ?(0 %
RUR e P =32 768 kHx
B g g | oA | (Ve =300)
IDLE1 5 15
stop 0. Ta=50°C  Ivee=
................. 02 | 20 27V
50 Ta = 85°C to55V
Note 1: Typical values are for Ta=25°C and Vcc=5 V unless otherwise noted.
Note 2: IpaRis guranteed for total of up to 8 ports.
Note 3: Icc measurement conditions NORMAL, SLOW).

Only CPU is operational; output pins are open and input pins are fixed.

(Reference) Definition of Ipar

RexT

AM T
VEXT

2

[

—
IDAR

93CS44-192



TOSHIBA TMP93CS44/TMP93CS45

4.3 AC Characteristics
(1) Vec=5V *10%

No. [Symbol Parameter - Variable 1_6 MHz 2_0 MHz Unit
Min Max Min | Max | Min | Max
1| tosc | Osc. Period (=x) 50 31250 62.5 50 ns
2| tak | CLK width 2x - 40 85 60 ns
3| tak | A0to 23 Valid— CLK Hold 0.5x - 20 11 5 ns
4| tgka | CLKValid— A0 to 23 Hold 1.5x-70 24 5 ns
5] taL A0 to 15 Valid— ALE fall 0.5x-15 16 10 ns
6| tLa ALE fall-> A0 to 15 Hold 0.5x - 20 11 5 ns
7]t | ALE High width x — 40 23 10 ns
8| tic ALE fall-> RD/WR fall 0.5x - 25 6 0 ns
9| teL RD/WR rise— ALE rise 0.5x - 20 11 5 ns
10| tacL |AO+to 15 Valid— RD/WR fall x-25 38 25 ns
11| tacH | AOto 23 Valid— RDAWR fall 1.5x - 50 44 25 ns
12| tca |RDAWR rise— A0 to 23 Hold 0.5x - 25 6 0 ns
13| tapL |AO0to 15 Valid—> D0 to 15input 3.0x-55 133 95 | ns
14| tapy |AO0to 23 Valid— D0 to 15 input 3.5x-65 154 110 | ns
15| tp | RDfall - DO0to 15input 2.0x-60 65 40 | ns
16| trRr | RD Low pulse width 2.0x - 40 85 60 ns
17| tyr | RDrise— DO to 15 Hold 0 0 0 ns
18| trag | RDrise— A0 to 15output x—15 48 35 ns
19| tww | WR Low pulse width 2.0x - 40 85 60 ns
20| tpw | DOto 15 Valid— WRrrise 2.0x - 55 70 45 ns
21| twp |WRrise =D0 to 15 Hold 0.5x - 15 16 10 ns
22| tawH | A0 to 23 Valid— WAIT input (\WAlse) 3.5x-90 129 85| ns
23| tawt | A0 to 15 Valid— WAIT input (. ¥AlTse) 3.0x - 80 108 70 | ns
24| tcwy | RD/WR fallSWAIT Hold Y imode)] 2.0x+0 125 100 ns
25| tapH |AOto 23 Valid— PORT input 2.5x-120 36 5| ns
26| tapy2 | AO to 23 Valid— PORT Hold 2.5x+50 206 175 ns
27| tcp WR rise— PORT Valid 200 200 200 | ns
AC Measuring Conditions
® OQutputlevel : High2.2V /Low0.8V ,CL=50pF

(However CL= 100 pF for ADO to AD15, AO to A23, ALE, RD, WR, HWR, CLK)

® Input Level : High2.4V /Low0.45V (ADOto AD15)
High 0.8 Vcc / Low 0.2 Vcc(Except for ADO to AD15)
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(2) Vec=3V 10%

No. |Symbol Parameter MinVarlabIeMax |\1/I|2n5 MI\H/IZX Unit
1|tosc Osc. Period (=x) 80 31250 80 ns
2|tck CLK width 2x -40 120 ns
3{tak A0 to 23 Valid— CLK Hold 0.5x-30 10 ns
4tka CLK Valid— A0 to 23 Hold 1.5x - 80 40 ns
5(taL A0 to 15 Valid— ALE fall 0.5x - 35 5 ns
6ta ALE fall-> A0 to 15 Hold 0.5x - 35 5 ns
7 [t ALE High width x—60 20 ns
8|tLc ALE fall-> RDAWVR fall 0.5x - 35 5 ns
9|tcL RD/WR rise— ALE rise 0.5x - 40 0 ns

10|tacL | AOto 15 Valid— RD/WR fall x-50 30 ns
11|tacH | A0 to 23 Valid— RDAWR fall 1.5x - 50 70 ns
12 |tca RD/WR rise— A0 to 23 Hold 0.5x - 40 0 ns
13|taDL A0 to 15 Valid—> D0 to 15 input 3.0x-110 130 [ ns
14|tapy | A0 to 23 Valid— D0 to 15 input 3.5x-125 155 [ ns
15[trp RDfall - D0 to 15 input 2.0x-115 45 | ns
16 [trr RD Low pulse width 2.0x - 40 120 ns
17 [tHr RDrise— D0 to 15 Hold 0 0 ns
18|trae | RDrise— A0 to 15output x—25 55 ns
19|tww | WR Low pulse width 2.0x-40 120 ns
20|tpww | DO to 15 Valid— WRrise 2.0x-120 40 ns
21|twp | WRrise =D0 to 15 Hold 0.5x - 40 0 ns
22|tawH | A0 to 23 Valid— WAIT input (, ¥Altge) 3.5x - 130 150 | ns
23[tawt | A0 to 15 Valid— WAIT input (. ¥alTse) 3.0x - 100 140 | ns
24[tcw | RD/WR fall>WAIT Hold Y mode)] 2.0x+0 160 ns
25 [taPH A0 to 23 Valid— PORT input 2.5x-120 80 [ ns
26|tapH2 | AOto 23 Valid— PORT Hold 2.5x+50 250 ns
27 [tcp WR rise— PORT Valid 200 200 [ ns

AC Measuring Conditions

® Output Level : High 0.7 x V¢c
® InputLevel : High 0.9 xVcc

/Low 0.3 xVcc ,CL=50pF
/Low 0.1 X Vcc
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(1) Read Cycle

X1/XT1

? tolk— '
aK ;ﬁ: ; ;
A0 to 23 ;><"‘ "><:

7/ N N : H o

~— tew

: 5 s~ L
Port Input —;—————-—--;-f’_“i”__-.__g s o

tADH > <tcA—|

tACL ; :
Lt > —tRD ; tHR

; : = — tADL L
AD0t0 15 —eee g™ ADt015 1 '

ALE j
Al
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(2) Write Cycle

XUXT1 | |
A0 t0 23 :X ><:

PortOutput
+—>¢l«

,H

tpw

AR _'é-___< ASO"°15 >< D0t0155 D
ALE _/ \ /_
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4.4 Serial Channel Timing
(1)  1/O Interface Mode
@® SCLK Input Mode
(Note)
Variable 32.768 MHz 12.5MHz | 20 MHz .
Symbol Parameter Unit
Min Max Min Max [ Min | Max | Min | Max
tscy | SCLK cycle 16X 488 us 1.28 0.8 s
toss | Output Data — falling edge of SCLK tscy/2 - 5X-50 91.5 us 190 100 ns
SCLK rising/ falling edge _
toHs - Output Data hold 5X-100 152 us 300 150 ns
SCLK rising/ falling edge
tisk |, Input Data hold 0 0 0 0 ns
SCLK rising/ falling edge
tsrp - effective data input tscy —5X - 100 336 us 780 450 | ns

Note 1: When fs is used as system clock or fs divided by 4 is used as input clock to prescaler.
Note 2: SCLK rising/falling timing; SCLK rising in the rising mode of SCLK,
SCLK falling in the falling mode of SCLK.

@ SCLK Output Mode

(Note)
Variable 32.768 MHZO € 12.5 MHz 20 MHz .
Symbol Parameter Unit
Min Max Min Max | Min | Max | Min | Max
tscy | SCLK cycle (Programmable) 16X 8192X 488 s | 250 ms | 1.28 [865.36( 0.8 |409.6| us
toss | Output Data — SCLK rising edge tscy — 2X - 150 427 us 970 550 ns
tons | SCLK rising edge— Output Data hold 2X -80 60 us 80 20 ns
tusr | SCLK rising edge— Input Data hold 0 0 0 0 ns
tsrp | SCLK rising edge— effective Data input tscy — 2X - 150 428 us 970 550 | ns
Note: When fsis used as system clock or fs divided by 4 is used as input clock to prescaler.
t
SCLK : Y ! .
(Output mode/ Q | | | | | I
Input rising edge mod ‘ ‘
sCLK | 1 I LTI 1_
(Input falling edge mode)
‘tOSS toHs
OUTPUT DATA 05 > /<>
TxD \ o | X 1 X 2 X 3 X
tsrRD tHsR
[ ———— | -———
INPUT DATA | ~H
RxD X_° X X' X X2 X X3 XC
VALID VALID VALID VALID
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(2) UART Mode ( SCLKO, 1 are external input)
Variable 32.768kHE ™| 12.5MHz | 20 MHz
Symbol Parameter Unit
Min Max Min Max | Min | Max | Min | Max
tsey | SCLK cycle 4x + 20 122 us 340 220 ns
tscyL | SCLK Low level pulse width 2x+5 6 us 165 105 ns
tscyn | SCLK High level pulse width 2x+5 6 us 165 105 ns
Note: When fsis used as system clock or fs divided by 4 is used as input clock to prescaler.
4.5 A/D Conversion Characteristics
AVcc=Vcc, AVss = Vss
Symbol Parameter Power Supply Min Typ Max Unit
Vee=5V210% Vee-0.2V V V
VREFH Analog reference voltage (+) &« < e« e«
Vee=3V£10% | Vec-0.2V Vee Vee
Vec=5V10 % Y Y Vss+02v |V
VREFL Analog reference voltage (-) « > > 2 =
Vee=3V+10% Vss Vss Vgs +0.2V
VaIN Analog input voltage range VREFL VREFH
Analog current for analog Vec=5V+10% 0.5 15
IREF reference voltage mA
<VREFON> =1 Vee=3VE10 % 0.3 0.9
(VRerL=0V) < >
<VREFON> =0 Vee=2.7t05.5V 0.02 5.0 A
Error (except quantization Vee=5V210% £1.0 £3.0 LSB
errors) Vec=3Vi10% +1.0 5.0
Note1: 1LSB=(VREFH - VREFL)/210[V]
Note 2: The operation above is guaranteed for frpy = 4 MHz.
Note 3: The value Igc includes the current which flows through the AVCC pin.
4.6 Event Counter Input Clock (external input clock : TIO, TI4, TI5, TI6, TI7)
Variable 12.5 MHz 20 MHz .
Symbol Parameter Unit
Min Max Min | Max | Min | Max
tvek Clock Cycle 8X + 100 740 500 ns
tvekL Low level clock Pulse width 4X + 40 360 240 ns
tvCKH High level clock Pulse width 4X +40 360 240 ns
4.7 Interrupt and Capture Operation
(1)  NMI, INTO Interrupts
Variable 12.5 MHz 20 MHz .
Symbol Parameter - - - Unit
Min Max Min Max Min Max
tINTAL NMI, INTO Low level Pulse width 4x 320 200 ns
tiytag | NMI, INTO High level Pulse width 4X 320 200 ns
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(2) INT1, 4to 7 Interrupts and Capture
Variable 12.5 MHz 20 MHz
Symbol Parameter Unit
Min Max Min Max Min Max
tivteL | INT1, INT4 to INT7 Low level Pulse width 4X + 100 420 300 ns
tINTBH INT1, INT4 to INT7 High level Pulse width 4X + 100 420 300 ns
4.8 Serial Bus Interface Timing
(1) 1PCBus Mode
Variable .
Symbol Parameter - Unit
Min Typ Max
tgsta | START command — SDA fall 3X S
thpista | Hold time START condition 2"X S
tiow | SCL Low level pulse width 2"X s
thign | SCL High level pulse width 2°X + 12X s
typ:paT | Data hold time (input) 0 ns
tsuiipaT | Data set-up time (input) 250 ns
thp:opaT| Data hold time (output) 7X 11X s
topaT | Dataoutput — SCLRising edge 2"X —typ:opAaT s
trspa | STOP command — SDA fall 3X S
trpre | SDA Falling edge — SCL Rising edge 2"X s
tsuisto | Set-up time STOP condition 2°X + 16X S
Note: “n”valueissetby SBICR1 <SCK2 to 0>
START Command STOP Command
A\
/ X X (/| ot
SDA x 7 N
tHD:ODAT
testA <> > |=topaT trspa
tLow tFDRC
SCL _\
~— /
tHIGH
tHD:STA tHD:IDAT tsu:IDAT tsu:sto
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(2) Clocked-synchronous 8-bit SIO Mode
@ sCK Input Mode

Variable .
Symbol Parameter - Unit
Min Max

tscy> | SCKeycle 2°X S

tons2 | SCK falling edge— Output data hold 6X S

toss2 | Output data — SCK rising edge tscy2 — 6X s

thsry | SCKrising edge— Input data hold 6X ns

tiss2 | Input data— SCKrising edge 0 ns
@ SCK Output Mode

Variable .
Symbol Parameter - Unit
Min Max

tscy2 | SCKeycle 2°X 2"'X 3

tons2 | SCK falling edge — Output data hold 2X s

toss2 | Output data— SCKrising edge tscyz — 2X s

thsr2 | SCKrising edge— Input data hold 2X s

tiss2 | Input data— SCKrising edge 0 ns

| toss2
tscv2 >
> <liss2
SCK f
(Input/Output mode)
tons2, <
; X X
(Output data) 7 \
> THsr2

: X
(Input data)
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5. TABLE OF SPECIAL FUNCTION REGISTERS
(SFR ; Special Function Register)

The special function registers (SFRs) include the I/O ports and peripheral control registers allocated to
the 128-bytes addresses from 000000H to 00007FH.

(1) T/OPort

(2) TI/O Port Control

(83)  Clock Control

(4)  Interrupt Control

(5)  Chip Select/ Wait Control
(6) Timer Control

) Serial Channel Control

(8)  Serial Bus Interface Control
(9) Watchdog Timer Control
(10) A/D Converter Control

Configuration of the table

Symbol Name Address 7 06 : // t1:0
- U5 |>bit symbol
\\ >Read /Write
H >Initial value after reset
// >Remarks

Note : “Prohibit RMW” in the table means that you cannot use RMW instructions on these registers.
(Example) When setting only bit 0 of register POCR, “SET 0, (0002H)” cannot be used. The LD
(transfer) instruction must be used to write all eight bits.
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Table 5. 1/O register address map

ADDRESS NAME ADDRESS NAME ADDRESS NAME ADDRESS NAME

000000H | PO 20H| TRUN 40H| TREG6L 60H| ADREGO4L
1H|P1 21H| (Reserved) 41H| TREG6H 61H| ADREGO4H
2H | POCR 22H| TREGO 42H| TREGT7L 62H| ADREG15L
3H| (Reserved) 23H| TREG1 43H| TREG7H 63H| ADREG15H
4H|P1CR 24H| T10MOD 44H| CAP3L 64H| ADREG26L
5H| P1FC 25H | TFFCR 45H| CAP3H 65H| ADREG26H
6H| P2 26H| TREG2 46H| CAPAL 66H| ADREG37L
7H|P3 27H| TREG3 47H| CAP4H 67H| ADREG37H
8H| P2crR 28H| T32MOD 48H| T5MOD 68H| WAITCO
9H| P2FC 29H| TRDC 49H| TSFFCR 69H | WAITC1
AH|P3CR 2AH 4AH| (Reserved) 6AH| WAITC2
BH | P3FC 2BH 4BH | SBICR1 6BH | (Reserved)
CH|P4 2CH 4CH | SBIDBR 6CH| (Reserved)
DH|Ps 2DH (Reserved) 4DH| 12CAR 6DH| CKOCR
EH| P4CR 2EH 4EH| SBICR2 6EH| SYSCRO
FH| (Reserved) 2FH 4FH | SBICR3 6FH| SYSCR1
10H| PaFC 30H| TREGAL 50H | SCOBUF 70H| INTEOAD
11H| (Reserved) 31H| TREG4H 51H| SCOCR 71H| INTE45
12H|P6 32H| TREG5L 52H | SCOMOD 72H| INTE67
13H| P7 33H| TREG5H 53H | BROCR 73H| INTET10
14H| P6CR 34H| cAPIL 54H | SC1BUF 74H| INTET32
15H| P7CR 35H| CAP1H 55H|SC1CR 75H| INTETS4
16H| P6FC 36H| caP2L 56H | SC1MOD 76H| INTET76
17H|~N 37H| cAP2H 57H| BR1CR 77H| INTEO54
18H 38H| TamoD 58H | ODE 78H| INTESO
19H 39H | T4FFCR 59H 79H| INTES1
1AH 3AH| T45CR 5AH (Reserved) 7AH| INTE1S2
1BH| > (Reserved) 3BH 5BH 7BH| IMC
1CH 3CH 5CH| WDMOD 7CH| DMAOV
1DH 3DH (Reserved) 5DH| WDCR 7DH| DMA1V
1EH 3EH 5EH| ADMODO 7EH| DMA2V
1FH| -/ 3FH 5FH| ADMOD1 7FH| DMA3V

Note : Do not access addresses which do not have register names allocated.
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(1) 1/OPort
Symbol | Name | Address 7 : 6 5 4 3 2 1 0
P07 : P06 P05 P04 H P03 : P02 PO1 : P00
PO PORTO 00H R/W
Underfined
Input mode
P17 i P16 P15 P14 i P13 i P12 P11 P10
P1 PORT1 01H R/W
0 : 0 0 0 : 0 : 0 0 0
Input mode
P27 P26 P25 P24 P23 P22 P21 P20
P2 PORT2 06H R/W
(Prohibit 1 i 1 1 1 : 1 i 1 1 : 1
RMW*) Input mode
P35 P34 i P33 : P32 P31  : P30(notel)
P3 PORT3 07H R/W
(Prohibit 1 _ 1 é 1 é 1 1 : 1
RMW*) _ Input mode _ _ Output mode
P47 : P46 P45 : P44 : P43 : P42 P41 : P40
P4 PORT4 OCH R/W
(Prohibit 1 1 1 1 1 1 1 1
RMW*) Input mode
P57 i P56 P55 P54 | P53 I P52 P51 i P50
P5 PORT5 ODH R
Input mode
P67 | P66 P65 P64 | P63 i P62 P61 i P60
P6 PORT6 12H R/W
(Prohibit 1 : 1 1 1 : 1 : 1 1 ! 1
RMW*) Output mode Input mode
P77 : P76 P75 P74 : P73 : P72 P71 H P70
P7 PORT7 13H R/W
(Prohibit 1 : 1 1 1 é 1 i 1 1 : 1
RMW*) Input mode
Notel: When P30 pin is defined as RD signal output mode (P30F = 1), clearing the output latch register P30 to “0” outputs

the RD strobe from P30 pin for PSRAM, even when the internal address is accessed. If the output latch register P30
remains “1”, the RD strobe is output only when the external address is accessed.

;  Prohibit Read Modify Write. (Prohibit RES/SET /TSET /CHG/STCF/

Note2: Port66, 67 is also used as XT1, XT2. Therefore these pins are open drain output type.
Read/ Write
R/W ; Either read or write is possible
R ;  Only read is possible
w ;  Only write is possible
Prohibit RMW
ANDCF / ORCF / XORCF Instruction)
Prohibit RMW*

;  Read-modify-write is prohibited when controlling the PU resistor.
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(2) 1/0 Port Control
Symbol Name Address 7 6 : 5 4 3 : 2 1 : 0
PO7C PO6C : PO5C P04C PO3C : P02C POIC : P0OOC
POCR | PORTO 02H W
Control | (Prohibit 0 _ 0 : 0 _ 0 j 0 § 0 _ 0 § 0
RMW) 0:IN 1:0UT(When external access, set as AD7-0 and cleared to “0”.)
P1I7C | P16C { PI15C : P14C i P13€C : P12 i P11C : P10C
P1CR |PORTI1 04H W
Control | (Prohibit 0 0 g 0 _ 0 _ 0 g 0 0 g 0
RMW) < <Refer to the “P1FC" > >
P17F P16F i PI15F P14F P13F [ P12F PI1F i P10F
P1FC | PORT1 05H w
Function | (Prohibit 0 0 : 0 0 : 0 i 0 : 0 i 0
RMW) P1FC/P1CR=00:IN, 01:OUT, 10: AD15-8, 11: A15-8
P27C P26C : P25C P24C P23C : P22C P21C : P20C
P2CR | PORT2 08H W
Control | (Prohibit 0 0 : 0 : 0 : 0 é 0 0 é 0
RMW) < <Refertothe “P2FC" > >
P27F P26F : P25F P24F : P23F : P22F P21F : P20F
P2FC | PORT2 09H W
Function | (Prohibit 0 0 ! 0 0 : 0 ! 0 : 0 i 0
RMW) P2FC/P2CR=00: IN, 01 : OUT, 10: A7-0, 11: A23-16
© p35C i pP34C : P33C i P32C
P3CR |PORT3 0AH W
Control | (Prohibit 0 : 0 : 0 : 0
RMW) 0:IN 1:0UT -
P32M ! P34F P33F  P32F P31F : P30F
0BH W W
P3FC | PORT3 (Prohibit : 0 : : 0 _ 0 § 0 0 § 0
Function | RMW) [0:HWR {0:PORT :0:PORT :0:PORT :PORT :0:PORT
P1:5CK G £1:SCLSI i 1:SDA/SO :1:P32M : WR ‘1:RD
P47C P46C | P45C P44C P43C | P42C P4A1C  : P40C
PACR |PORT4 OEH W
Control | (Prohibit 0 0 i 0 0 ' 0 é 0 0 ; 0
RMW) 0:IN 1:0UT
P47F . P44F P41F
PAFC | PORT4 10H w W w
Function | (Prohibit 0 : 0 0
RMW) : PORT :0:PORT : PORT
. T06 ................... . 1 . TO4 . T03
P67C P66C : P65C : P64AC P63C : P62C P61C : P60C
PORT6 14H w
P6CR Control | {(Prohibit 1 1 0 ; 0 : 0 ; 0 0 i 0
RMW) 0:IN 1:0UT
P77C P76C : P75C P74C i P73C : P72C P71C i P70C
PORT7 15H W
P7CR Control | (Prohibit 0 0 ! 0 i 0 : 0 : 0 0 : 0
RMW) 0:IN 1:0UT
P65F P63F : P62F P6OF
w W W W
P6FC PORTG. 16*.' . : 0 : 0 ; 0 : 0
Function (pR'm\t/’)'t 0 PORT 10:PORT 0:PORT 0: PORT
11 :SCLK1 1: TxD1 11 : SCLKO 11 :TxDO

Note: With the TMP93CS45, which requires an external ROM, PORTO _fl_lgctions as ADO to AD7;
PORT1, AD8 to AD15 or A8 to A15; P30, the RD signal; P31, the WR signal, regardless of the

values set in POCR, P1CR, P1FC, P30F and P31F.
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(3) Clock Control
Symbol | Name | Address 7 1 6 5 4 3 2 1 P
- i - ALEEN CLKEN
R/W R/W
Clock o ¢ 0 : :
CKOCR [Output 006DH | (Note) ;ALE pin ECLK pin
Control Always write “0" i control icontrol
Register 0:HZ output :0:HZ output
“1:ALE output | 1:CLK output
XEN XTEN RXEN RXTEN RSYSCK WUEF PRCK1 PRCKO
R/W
1 0 : 1 : 0 : 0 0 : 0 : 0
High ELow EHigh ELow Eslect clock éWarm-up Eselect prescaler clock
Frequency -Frequency -Frequency :Frequency ‘after released : Timer 100: fepy
System oscillator (fc) :oscillator (fs) :oscillator (fc) :oscillator ESTOP mode ‘0write : 01: fs
0:st 10:st ‘after released i (fs) after : : p :
SYSCRO [Clock 006EH 1.5 OPII " 51.5 °F’” v STOPmode ireleased f0sfc { don'tcare i10:fc/16
Con.trol :oscillation :oscillatio EO:StOp ;STOP mode ;‘I:fs 1 write ;11; (reserved)
Register 0 “1:oscillation :0:5top : : start‘.clmer :
: ‘1:oscillation 50 read :
: : 1 end
i warm-up
1read:
i notend
: warm-up
SYSCK GEAR2 : GEAR1 GEARO
R/W
0 1 i 0 : 0
System select system | select gear value of high frequency (fc)
SYSCR1 |Clock 006FH tclock 1 000:fc
Control 10:fc 001 : fc/2
Register 1 iifs 010 : fc/4
: note2) 011: fe/8
: 100 : fc/16
101 : (reserved)
110 : (reserved)
111 : (reserved)

Note 1: The value after reset of <CLKEN >, <ALEEN > is following :

TMP93CS44
TMP93CS45

“0” (High impedance output)
“1” (CLK or ALE output)

But during reset, CLK pin is pulled up internally regardless of the products.

Note2: The high frequency oscillator will be enabled regardless the value of SYSCRO<XEN> when
SYSCR1<SYSCK > is clear to “0”.

On the other hand, the low frequency oscillator will be enabled regardless the value of SYSCRO<XTEN >

when SYSCR1 <SYSCK > is set to “1”.
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(4) Interrupt Control (1/2)
Symbol | Name | Address 7 6 5 i 4 i 3 2 i 1 i 0
INTAD s INTO
INTO/AD | 0070H —Apc T jADM2 . IADM1 _ JADMO . _10C___ 1OM2 . IOM1___IOMO
INTEOAD | Enable (Prohibit : :
Register RAW __: W . RIW W
PMW) 0 0 0 T 0 T 0 0 : 0 : 0
INT5 : INT4
INT4/5 1 0071H 15C 5M2_: I5M1_:_I5M0 14C 4M2_: _14M1_:_14M0
INTE45 | Enable | (prohibit :
Register RW W - RAW W
PMW) 0 0 T 0 T 0 : 0 0 0 ' 0
INTZ : INT6
INT6/7 1 0072H 7 7 T7mz_: M1 1 17M0_._16C_ 16M2 . 16M1 | 16M0
INTE67 Enable (Prohibit :
Register RIW — W ROV — W
PMW) 0 0 0 1 0 I o 0 0 T 0
INTT1 (Timer1) : INTTO (Timer0)
INTT1/0 1 0073H —Fic T TiMz : MIM1 { ITIM0 : [T0C_{ TTOM2 : [TOM1 [ ITOMO
INTET10 | Enable | (prohibit : : :
Register RAW W . RAW W
PMW) 0 0 0 I 0 I 0 0 : 0 : 0
INTT3 (Timer3) : INTT2 (Timer2)
INTT3/2 | 0074H 3¢~ TT3M2 © M3M1_ TT3M0 . 2C_ TT2M2 - M2M1_ TT2M0
INTET32 | Enable | (prohibit : : :
Register RW W : RIW W
PMW) 0 ' 0 T 0 T 0 T 0o T 0 T 0o ‘T 0
INTTR5 (TREG5) 5 INTTR4 (TREG4)
INTTS/4 | 0075H —75¢ T 1T5M2 © IT5M1 T 1T5M0 . TT4C_T IT4M2 © ITAM1 _ TT4M0
INTET54 | Enable | (prohibit : : :
Register RW_: W P RW W
PMW) 0 _: 0 0 I 0 < o0 _ I 0 I o0 I o
INTTR7 (TREG7) : INTTR6 (TREG6)
INTT7/6 | 0076H [—F7¢ T iT7/M2 : IT/M1 I IT/M0 : _IT6C 1 IT6M2 : IT6M1 I IT6MO
INTET76 Enable (Prohibit : : :
Register RIW W ;. RW W
PMW) 0 0 . 0 : 0 - 0 0 . 0 . 0
INTTO [ INTTO5 : INTTO4
INTEOsa | 574 ’H T"TTO5C_: ITO5M2 : ITO5MT : ITO5MO :_ITOAC _: ITO4M2 : ITOAMT : [TO4MO
Enable | (Prohibit ™Ry W T RIW W
Register | PMW) 0 0 0 1 0 . o 0 0 : 0
INTRXO7|™ o INTTXO 5 INTRXO
INTESO TXO BH - ™ITX0C_: ITXOM2 : ITXOMT . ITXOMO :_IRXOC : IRXOM2 : IRXOMT : IRXOMO
Enable | (Prohibit Ry W T RIW W
Register | PMW) 0 0 0 ' 0 . o0 0 0 _ : 0
INTRXT7 | 0 on _ INTTX1 _ ; _ INTRX1 _
INTES1 TX1 R M ITXIC_IMXIM2 & ITXIMIT_LITXIMO :_IRX1C_: IRXTM2 - IRXTM1 L IRX1MO
Enable | (Prohibit Ray W T RIW | W
Register | PMW) 0 0 0 © 0 : © 0 0 0
INTT/ |~ 007an INT1 : INTS2
INTE1s2 | INTS2 \H NC__: NM2 : 1M1 VIO 1S2C__: 1S2M12_© IS2M1_: IS2MI0
Enable | (Prohibit Ry W T RIW W
Register | PMW) 0. 0 . 0 . 0 _: 0 0 0 _: 0
] I |
T I T
1
|_> IxxM2 IxxM1 IxxMO0 Function (Write)
0 0 0 Prohibits interrupt request.
0 0 1 Sets interrupt request level to “1".
0 1 0 Sets interrupt request level to “2".
0 1 1 Sets interrupt request level to “3".
1 0 0 Sets interrupt request level to “4".
1 0 1 Sets interrupt request level to “5".
1 1 0 Sets interrupt request level to “6".
1 1 1 Prohibits interrupt request.
—> IxxC Function (Read) Function (Write)
0 Indicates no interrupt request. Clears interrupt request flag.

Indicates interrupt request.

----- Don’tcare-----
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Interrupt Control (2/2)
Symbol Name Address 5 l 4 | 3 l 2 | 1 l 0
: #DMADQ start vector
DMAQ 7CH * T - H H
DMAOV | request (Prohibit i DMAOV4 : DMAOV3 : DM®0V2 : DMAOV1 : DMAOVO
Vector RMW) 0 0 § 0 . 0 § 0
DMA 7DH : DMA1V4 : DMA1\//13?M'T)1|\;':1W\E/\;€CFO|;MA1V1 ! DMA1VO
DMA1V | request (Prohibit - - - W - -
Vector RMW) 0 0 ; 0 ; 0 ; 0
: ©DMAZ2 start vector
DMA 2 7EH : : : : -
DMA2V | request (Prohibit : DMA2V4 : DMA2V3 : DM®2V2 ! DMA2V1 i DMA2VO0
Vector RMW) 0 0 ; 0 ; 0 0
: #DMAS3 start vector
DMA 3 7FH - . - : -
DMA3V | request (Prohibit f DMA3V4 | DMA3V3 i DMVA\\/3V2 { DMA3V1 i DMA3V0
Vector RMW) 0 0 § 0 0 § 0
- I0IE IOLE NMIREE
W W W W
Interrupt : : 0 : 0 : 0
o P 7BH (Note) 1INTO {0:INTO :1: Opera-
mc MZde (Prohibit iAlways i input  edge i tion
Control RMW) ‘write “0" enable mode even at
: (11 INTO NMI
P level rising
mode edge
(5) Bus-width /Wait Control
Symbol Name Address 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
: : © BOBUS : BOW!1 BOWO : BOC1 BOCO
W
&:ﬁo (Prii?bit 0 : 0 : 0 0 : 0
WAITCO control RMW) 0: 16 bit i  00: 2WAIT 00: 7FOOH to 7FFFH
reqister Bus : O01: 1TWAIT 01: 400000H to
9 1: 8 bit 10: 1WAIT +n 10: 800000H to
Bus 11: OWAIT 11: CO0000H to
B1BUS B1W1 B1WO B1C1 B1CO
: H : w
3\';;:';1 69H : : 0 1 0 o0 0 : 0
WAITC1 control (Prohibit g : Y 0:16bit  00: 2WAIT 00: 880H to 7FFFH
reqister RMW) { Bus i O1:1WAIT 01: 400000H to
9 : :  1:8bit ©  10: IWAIT+n 10: 800000H to
Bus 11: OWAIT 11: COO000H to
B2BUS B2W1 B2WO B2C1 B2CO
: : : w
3\'/‘:';2 6AH : : 0 10 | 0 T
WAITC2 control (Prohibit : : ©0:16bit: 00: 2WAIT 00: 8000H to
register RMW) Bus  01: TWAIT 01: 400000H to
9 : : © 1:8bit | 10: IWAIT+n 10: 800000H to
Bus 11: OWAIT 11: COO000H to
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(6) Timer Control (1/3)
Symbol | Name | Address 7 6 5 ? 4 ? 3 ? 2 ? 1 : 0
PRRUN T5RUN T4RUN T3RUN T2RUN T1RUN TORUN
R/W R/W
TRUN Timer 20H 0 0 : 0 : 0 : 0 : 0 : 0
Control Prescaler & Timer Run/Stop CONTROL
0 : Stop & Clear
1 : Run (Count up)
o 22H -
TREGO BRZ'tiZ oo | rohibit W
9 RMW) Undefined
- 23H -
TREG1 8Rt:tiTs 't:'re: (Prohibit W
9 RMW) Undefined
TOTM1 TO1MO ! TICLK1 T1CLKO TOCLK1 TOCLKO
8 bit Timer R/W R/W
710 0,1 0 : 0 0 : 0 : 0 : 0
Mop | Source 24H 00: 8bitTimer 00 : TOOTRG : 00:TIO INPUT
CLK & 01: 16 bit Timer 01: ¢T1 ©01:gTH
MODE 10: - 10: ¢T16 : 10: ¢T4
1M: - 11: 7256 L 11:4T16
TFF3C1 TFF3C0 TFF3IE TFF3IS TFF1C1 TFF1CO TFF1IE TFF1IS
w R w ; RIW
8 bit Timer 1 : 1 : 0 : 0 : 1 : 1 : 0 : 0
TFFCR (Flip-Flop 25H 00 : Invert TFF3 ;1:TFF3 1 Inversioné 00 : Invert TFF1 ;1:TFF1 ;1:Inversion
Control 01:Set TFF3 ! Invert of Timer 01:Set TFF1 Invert of Timer
10: Clear TFF3 Enable | 3 : 10 : Clear TFF1 Enable : 1
11: Don't care : 11: Don't care :
8 bit 26H -
TREG2 |Timer (Prohibit W
Register 2| RMW) Undefined
8 bit 27H -
TREG3 [Timer (Prohibit W
Register 3| RMW) Undefined
T23M1 T23MO PWM21 PWM20 | T3CLK1 T3CLKO T2CLK1 T2CLKO
- R/W
gg'ﬂ'mer 0o . o0 0o ¢ o0 . o0 o0 I o0 T o
32 | e 28H 00: 8bit Timer 00: - ' 00 : TO2TRG P00: -
MOD CLK & 01: 16 bit Timer 01: 26-1PWM 01:¢T1 01:¢T1
10: 8bitPPG 10: 27-1Cycle 10: 4T16 L 10:4T4
MODE 11: 8bitPWM 11: 28-1 11: ¢T256 P 11:4T16
TR2DE -
R/W
Timer Reg. : 0 : 0
Double 0: Double: (Note)
TRDC |[Buffer 29H : Buffer EAIways
Control i Disable iwrite “0"
Reg. i1: Double:
i Buffer :
Enable :
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Timer Control (2/3)
Symbol Name Address 5 4 3 2 1 0
16 bit 30H -
TREGAL |Timer (Prohibit W
Register4L | RMW) Undefined
16 bit 31H -
TREG4H [Timer (Prohibit W
Register4dH| RMW) Undefined
16 bit 32H -
TREGSL |Timer (Prohibit '
Register5L | RMW) Undefined
16 bit 33H -
TREGS5H |Timer (Prohibit \
Register5H| RMW) Undefined
capyL |CaPtUre 34H R
Register1L -
Undefined
cap1y |CaPtUre 35H R
Register1H -
Undefined
capaL |CaPture 36H R
Register2L -
Undefined
capzn |CaPture 37H R
Register2H -
Undefined
CAP1IN : CAP12M1 : CAP12MO : CLE TACLK1 TACLKO
16 bit w RIW
Timer 4 1 0 é 0 0 0 : 0
TAMOD (Source 38H : Capture Timing Source Clock
CLK & 0:Soft- : 00:Disable 00:TI4
MODE : Capture i 01:Tl4 1TI5T :1:UC4 01: ¢T1
i1:Don't i 10:TI4 1Ti4 | Clear i 10:¢4T4
care : 11:TFF1 T TFF1] Enable @ 11:¢T16
CAP2T4 CAP1T4 | EQ5T4 EQ4T4 TFF4C1 : TFF4CO
R/W W
16bit 0 0 ! 0 0 1 : 1
TAFFCR Ti.mer4 39H TFF4 Invert Trigger 00 : Invert TFF4
Flip-Flop 0: Trigger Disable 01: Set TFF4
Control 1: Trigger Enable 10: Clear TFF4
11: Don't care
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Timer Control (3/3)
Symbol | Name | Address 7 5 4 3 2 1 : 0
QCU DB6EN : DBA4EN
R/W R/W
T4, 75 0 0 P
T45CR AH *
>¢ Control 3 Warm-up 1: Double
Timer Buffer
control Enable
16 bit 40H -
TREG6L |Timer (Prohibit W
Register6L | RMW) Undefined
16 bit 41H -
TREG6H |Timer (Prohibit W
Register6H| RMW) Undefined
16 bit 42H _
TREG7L |Timer (Prohibit W
Register7L | RMW) Undefined
16 bit 43H -
TREG7H [Timer (Prohibit W
Register7H| RMW) Undefined
cap3L |Capture 44H R
Register3L -
Undefined
cap3y |CaPUUre 45H R
Register3H -
Undefined
capaL |CBPtUre 46H R
Register4L -
Undefined
Capay |C3PIUre 47H R
Register4H -
Undefined
CAP3IN : CAP34M1 : CAP34MO :  CLE T5CLK1 : T5CLKO
16 bit W : R/W
Timer5 1 é 0 é 0 é 0 0 : 0
Source i i Capture Timing : Source Clock
TSMOD CLK & 48H i 0:Soft- ! 00: Disable : 00:TI6
MODE i Capture : 01:Tl6 7 TI7 1T :1:UC5 01: ¢T1
i1:Don't : 10:Tl6 1 TI6 | i Clear : 10:g4T4
: care : 11:TFF17 TFF1 | ! Enable : 11:¢4T16
CAP4T6 : CAP3T6 . EQ7T6 : EQ6T6 : TFF6C1 : TFF6CO
. R/W W
T5FFCR Flip-Flop 49H TFF6 Invert Trigger 00 : Invert TFF6
0 : Trigger Disable 01:Set TFF6
Control

1: Trigger Enable

10 : Clear TFF6
11: Don'tcare
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(7) Serial Channel Control
Symbol Name Address 7 6 5 4 3 2 1 ! 0
serial 50H RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO
SCOBUF ;:'a 10| eronibit TB7 TB6 TB5S TB4 TB3 TB2 RB1 TBO
anne roniol R (Receiving) / W (Transmission)
Buffer| RMW) -
Undefined
RB8 EVEN PE OERR PERR FERR SCLKS 10C
. R R/W R (Cleared to 0 by reading) RIW
Serial undefined : 0 0 : 0 : 0 : 0 0 0
SCOCR | Channel 0| 51H Receiving :Parity i S 1:Error  ©0:SCLKO :1:Input
Control databit8 :0:0dd  Parity {"Overrun § Parity | Framing : (_A ) iscLko pin
i1: Even Enable: : 1:SCLK(3 :
: : : ( %
TB8 CTSEQ RXE WU : SM1 SMO : SC1 SCO
R/W
. undefined : 0 ; 0 ; 0 § 0 : 0 : 0 : 0
$CO- Serial Transmisson :1: i I E : 00: I/O Interface : 00: TO2 Trigger
mop |Channel0 | 52H | i icTsO ‘Receive  :Wakeup  01: UART 7bit . 01: Baud rate
Mode : Enable: Enable: Enable: 10: UART 8 bit generator
: : : 11: UART 9 bit £ 10: Internal clock ¢1
: ¢ 11: External clock SCLKO
- BROCK1 BROCKO BROS3 BROS2 BROS1 BROSO
R/W R/W
0 0 : 0 0 : 0 0 0
Baud Rate
BROCR 0 Control 53H Fix at 00: ¢TO Set frequency divisor
ontro ugu 01: ¢T2 0000: 16 Divisions
0001
10: 95T8 to }'I to 15 Divisions
11: 4T32 1111
serial 54H RB7 RB6 RB5 : RB4 RB3 : RB2 : RB1 RBO
SC1BUF cer?a 11| ropibic —T87 TB6 TB5S TB4 TB3 TB2 RB1 TBO
anne roniol R (Receiving) / W (Transmission)
Buffen| RMW) -
Undefined
RB8 EVEN : PE OERR PERR FERR SCLKS 10C
R : RIW R (Cleared to 0 by reading) RIW
Serial undefined : 0 : 0 0 : 0 : 0 : 0 0
SCICR | Channel 1 [ 55H [ Receiving :Parity i : T:Error  ©0:SCLK1 i1:lnput
Control databit8 :0: Odd iParity i Overrun Parity Framing : (J_> {SCLK1 pin
i1: Even Enable: : 1:SCLK5 :
TB8 CTSE1 RXE WU i SM1 SMO SC1 SCO
R/W
Serial undefined : 0 (0-1) 0 f 0 : 0 0 H 0
SC1- Channel 1 56H Transmisson 1 1 1 : 00: I/0 Interface 00: TO2 Trlgger
MOD M databits :CTS1 ‘Receive  Wakeup i  01: UART7bit 01: Baud rate
ode : : : : . .
Enable: Enable: Enable: 10: UART 8 bit generator
: : : 11: UART 9 bit 10: Internal clock 41
11: External clock SCLK1
- BR1CK1 BR1CKO BR1S3 BR1S2 BR1S1 BR1S0
R/W R/W
0 0 : 0 0 : 0 0 0
Baud Rate :
BR1CR 1c | 57H Fix at 00: ¢TO Set frequency divisor
ontro "o 01: ¢T2 0000: 16 Divisions
0001
10: ¢T8 to } 1 to 15 Divisions
11: 4732 111
: ODE34 ODE33 : ODE63 ODE60
Serial RAW
ODE Opeln 58H : 0 : 0 : 0 : 0
Drain 1: P34 1: P33 “1: P63 1: P60
Enable :Open- :Open- :Open- :Open-
:drain :drain :drain :drain
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(8) Serial Bus Interface Control (1/2)
Symbol | Name | Address 7 6 : 5 4 3 : 2 1 : 0
BC2 BC1 BCO ACK SCK2 SCK1 SCKO
4BH W : RIW Y,
("CBus 0o . o0 I o _ o 0 o0 I o
Mode) [Number of transfer bits i Acknowledge : :Setting of the divide value "n”
000: 8 100: 4 imode : :000: 4 100: 8
) (Prohibit 001:1 101:5 ispecification :001: 5 101:9
Serial Bus RMwW)  [010:2 110: 6 :0: Disable : :010: 6 110: 10
Interface | " 011:3 11:7 i1: Enable 011:7 111: (reserved)
SBICR1 Control SI0S SIOINH SIONH SIOMO SCK2 SCK1 SCKO
Register 1 4BH w w
(slo 0 ¢ o0 I 0 I o C 0 ¢ o o
Mode) [indicate :Continue :Transfer mode Select :Serial clock selection
transfer E/Abort :00: 8-bit transmit 1000: fep/25  100: fepyy/29
(Prohibit |start/stop :itransfer  :01: (reserved) 1001 fep/26 101 fepyy/210
RMIW) 0: Stop :0: Continue  10: 8-bit transmit/receive 010 fep/27  110: fipy/21?
1: Start i1: Abort  :11: 8-bit receive 1011: fepy/28  111: External clock (SCK pin)
MST TRX BB : PIN SBIM1 SBIMO - : -
W
AEH 0 : 0 : 0 : 1 : 0 : 0 0 0
5 Master ‘Transmitter iStart / Stop :Cancel :Serial bus interface
(PCBus |/glave i/ Receiver igeneration :INTS2 :operating mode
Mode) [selection iselection i(whenthe irequest iselection
0:Slave  :0: Receiver :MST, TRX, :0:Don’'t  :00: Port mode
1: Master :1: Transmitter:PIN are i care :01: SIO mode
Serial Bus | (Prohibit : 5;1;) 1:Cancel  :10: I(ZC bus md<;de
:0: Stop : i11: (Reserve
sgicra |Merface | RMW) 1. Start :
Con.trol ................ — — : = — Y B0 — —
Register 2 W
4EH 0 0 0 11 0 I o 0 0
(slo ‘Serial bus interface
Mode) ioperating mode
iselection
:00: Port mode
- :01: SIO mode
(Prohibit :10: I°C bus mode
................................... MW . 11: (reserved)
MST TRX BB PIN AL : AAS ADO LRB
4EH _ R _ :
(1°CBus 0 ; 0 : 0 ; L : 0 f 0 : 0 : 0
Master iTransmitter :1°C bus :INTS2 :Arbitration :Slave :GENERAL :last
Mode) /Slave i/ Receiver istatus ‘request ‘lost ‘address :CALL ‘received bit]
selection iselection imonitor istatus ‘detection imuch Detection :monitor
status istatus :0: Bus free imonitor  imonitor idetection :monitor :0: “0”
(Prohibit |monitor  imonitor  1:Busbusy :0: Request :1: detect :monitor :1:detect :i1:"1"
_ RMW) |O:Slave :0: Receiver : i1: Cancel : i1: detect :
SerialBus | 1: Master i1: Transmitter: : :
SBISR Interface - - - - SIOF SEF - -
Control R
Register 2 0 0 0 1 : 0 : 0 0 0
4EH ‘Serial Sift
(sio Etransfer Eoperating
Mode) ioperating istatus
istatus imonitor
imonitor  :0: Termi-
0: Termi- | nated
- nated :1:In
(Prohibit 1 In ' process
RMW) process
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Serial Bus Interface Control (2/2)
Symbol Name Address 7 6 5 4 3 2 1 0
SWRST
R/W
Serial Bus : 0
Interface :Software
SBICR3 Status 4FH ;reset
Register 3 0: -
1: Initialize
; : SBI
Serial Bus DB7 DB6 DB5 : DB4 : DB3 : DB2 DB1 DBO
B‘;ﬁ;face R (receive) / W (send)
SBIDBR Buffer 4CH
?ﬁ%‘ﬁ}‘g{t Undefined
RMW)
SA6 SAS5 SAA  : SA3  : SA2 : SAI SAO ALS
W
5 4DH 0 0 0 ! 0 : 0 ¢ o0 0 0
I*CBus (Prohibit :Address
12CAR |Address : e
Register RMW) : recognitio
Slave address selection inmode
:0: Enable
1 1: Disable
(9) Watch Dog Timer
Symbol | Name | Address 7 6 5 ? 4 5 3 ? 2 - 1 0
WDTE WDTP1 WDTPO | WARM { HALTMI1 i HALTMO : RESCR DRVE
R/W
Watch- 1 0 { 0 i 0 i 0 i 0 i 0 0
WD- | dog 5CH :00: 215/fsys iWarm-up i HALT Mode P £1: Drive
MOD | Timer 1:WDT | 01: 217/gys “Time © 00: RUN mode L Connect  ©  the pin
Mode Enable 10: 219/fgys 0: 2¥/inputted 01: STOP mode L internally inSTOP
F 110 221/fgys ifrequeny . 10: IDLE1 mode { WDT out to mode
: £1:2®npued | 11:IDLE2Zmode | ResetPin
frequency : :
\éVatch- -
Timer 5DH W
WDCR | Control -
Register B1H: WDT Disable Code _ 4EH: WDT Clear Code
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(10) A/D Converter Control
Symbol Name Address 7 6 5 4 3 2 1 : 0
EOCF ADBF - - ITMO REPET SCAN ADS
R R/W
A/D 0o 0 0 o~ 0 0 0 _ . 0
ADMOD Mode seH  |1: End 1:BUSY I (Note) Alwayswrite  0:Every :0:Single :0:fixed- 1:START
0 Control : G iconversion :1: Repeat : channel :
Register 0 : i1:Every {1:5can i
: : four :
: : i conversion :
VREFON "~~~ T~ - ADTRG : ADCH2 ADCH1 ADCHO
A/D RIW : ; R/W
ADMOD [Mode SEH 1 : 0 ; 0 0 0 : 0
1 Control 0: OFF i(Note) : fﬁ;‘;’:ﬂtart : Analog Input
Register 1 1: ON iAlways i control Channel Selection
‘write “0” 1 0: Disable
: 1 1: Enable
*1)| A/D ADRO1 : ADROO : : ADDORF
AD Conversion R : R
REGOAL Result 60H Undefined 0
RegiSter Stores lower two bits of A/D : i Conversion
: : |
0/4 Low conversion result : ;ﬁ;g tstored
A/D ) ADRO09 ADRO8 ADRO7 ADRO06 ADRO5 ADR04 ADRO3 ADRO02
AD Conversion R
Result 61H ;
REGO4H Register Undefined
0/4 High Stores upper eight bits of A/D conversion result
1| A/D ADR11 ADR10 5 5 5 . ADD1RF
AD Conversion R : R
Result 62H Undefined : 0
REGT5L "T/eSgll_i;[\?vr Stores I(?wer two bits of AD SeosTJ\llte ;‘ftl)or:d
conversion result : ¢ flag
A/D ) ADR19 ADR18 ADR17 ADR16 ADR15 ADR14 ADR13 ADR12
AD Conversion R
Result 63H -
REG15H Register Undefined
1/5 High Stores upper eight bits of A/D conversion result
*1| A/D ADR21 ADR20 : : : : : ADD2RF
AD Conversion R ' R
REG26L Result 64H Undefined : 0
Register Stores lower two bits of A/D Conversion
2/6 Low conversion result : ;Ie;gl;lt stored
A/D ) ADR29 ADR28 ADR27 ADR26 ADR25 ADR24 ADR23 : ADR22
AD Conversion R
Result 65H -
REG26H Register Undefined
2/6 High Stores upper eight bits of A/D conversion result
=1)| A/D ADR31 : ADR30 : : : ADD3RF
AD Conversion R : R
Result 66H Undefined : 0
REG37L Register Stores lower two bits of A/D S&E‘f? ;‘:(I)Or:d
3/7 Low conversion result : : flag
A/D ) ADR39 ADR38 ADR37 ADR36 ADR35 ADR34 ADR33 ADR32
IAD Conversion R
Result 67H ;
REG37H Register Undefined
3/7 High Stores upper eight bits of A/D conversion result
MSB LSB
Converteddataofchannel’X’ 9 8 7 6 5 4 3 2 1 0
*1: Data to be stored in A/D Conversion Result Reg Low are the | |
lower 2 bits of the conversion result. The contents of the 5 to 1 L I'l !
bits of this register are always read as “1”. ADREGXH l ADREGXL
Bit 0 conversion result stored flag bit <ADRXRF > 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
<ADRXRF > is set to “1” when the A/D conversion result is |
stored.
Reading either the ADREGXH or the ADREGXL registers —

clears <ADRXRF > to “0”.

Thisis ‘1" when this is read.
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6. PORT SECTION EQUIVALENT CIRCUIT DIAGRAM

® Reading The Circuit Diagram

Basically, the gate symbols written are the same as those used for the standard CMOS logic IC

[7T4HCXX] series.

The dedicated signal is described below.

STOP :

This signal becomes active “1” when the halt mode setting register is set to the STOP mode

(WDMOD <HALTM1, 0> =0, 1) and the CPU executes the HALT instruction. When the
drive enable bit WDMOD <DRVE > is set to “1”, however, STOP remains at “0”.

® The input protection resistans ranges from several tens of chms to several hundreds of chms.

l PO (ADO to AD7),P1(AD8to AD15/A8to A15), P4, P7

Output Data

Output Enable
STOP

o

Input Data —od—ﬁ W

M P2 (A16to A23, A0 to A7), P32, P61, P62, P64, P65

Output Data

Output Enable
STOP

Input Data =—

.

[ Jwo

, Programmable
1 Pull Up

P-ch | Resistance

vCC
— B P-ch
N-ch
Input Enable
VCC
P-ch
S vce
N-ch E {>°‘| !
N R a
Wy
Input Enable
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B P30(RD), P31(WR)

Output Data

STOP — >o—‘

B P33 (SO/SDA), P34 (SI/SCL)

% ouT

VCC

Output Data

Open Drain
Output Enable

STOP

Input Data <7o<]_oG_l Wy (] w0

Input Enable
W P35 (INTO)
VCC
Output Data |- P-ch
Output Enable -<h
STOP o N-c
Input Data <—0<]—_0@ Wy [ 1wo
Interrupt Request Signal Schmitt
Bl P50 to P52 (ANO to AN2), P54 to P57 (AN4 to AN7)
Analog input
channel select Do—1 P-ch

. D Input

Analog input [
:It N-ch
Input Data
Input Enable
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Bl P53 (AN3/ADTRG)
Analog input
channel select Do L P-ch
Analog input | | [ ] Input
-f- N-ch
Input Data
Input Enable
A/D Trigger <—o<]_q<:(_T’\W
STOP
M P60 (TXDO0), P63 (TXD1)
VCC
Output Data { | P-ch
Open Drain
Output Enable ) >—kN<ch| . Programmable
STOP : VCC | pullup
; >0 P-chi Resistance
Input Data <—”<"”G1 W——— — ] o
Input Enable
M P66 (XT1), P67 (XT2)
Clock
Input Enable
a | oscilater___
Input Data <—o<]—o<(:;’<] r K 1)
P67 (XT2
Output Data :_0‘3 < D
Output Enable N-ch p-ch

Input Data |

Output Data —]
Output Enable {

Input Enable

o

ED—iiw-ch

STOP

[\

low frequency

oscillation enable

__________________
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Bl NMI
NMI 0@ WV [ ] Input
Schmitt
W CLK
Output Enable VCC VCC
Internal CLK ,_DOP_'ChI —|Lj> P-ch
K{ A [ ] out
STOP — >o—]
N-ch
Internal reset : >o
Wy
Test circuit
H EA
Input data <——o<J—W\ [ ] Input
B AM8/16
Input data <——o<}—o<}—W———— | Input
B ALE

VCC

Internal ALE " | )o | P-ch

ouT

Output Enable — N-ch

93CS44-218



TOSHIBA TMP93CS44/TMP93CS45

B RESET
VCC
Internal reset Input
Schmitt
WDTOUT
Reset enable
B X1, X2
Clock
o Oscillator T
| =Wy [ ]x2
1 1
i P-ch N-ch | i
1> < I
High frequency | i
oscillation enablei i
| —\W [ ]x1
B VREFH, VREFL
VREFON >o 1

P-ch
[l VREFH

String
1 Resistance

% D VREFL

93CS44-219



TOSHIBA TMP93CS44/TMP93CS45

7. POINTS OF CONCERN AND RESTRICTION
(1) Notation

@ Explanation of a built-in I/O register : Register Symbol <Bit Symbol >
e.g) TRUN<TORUN> --- Bit TORUN of Register TRUN

@ Read, Modify and Write Instruction

An instruction in which the CPU executes following by one instruction.
1. CPU readsdata of the memory.

2. CPU modifies the data.

3. CPU writes the data to the same memory.

exl) SET 3,(TRUN) - setbit3 of TRUN

ex2) INC 1,(100H) - - increment the data of 100H

® A sample Read, Modify and Write instructions using the TLCS-900

Exchange
EX (mem), R
Arithmetic Operation
ADD (mem), R/# ADC (mem), R/#
SUB (mem), R/# SBC (mem), R/#
INC #3, (mem) DEC #3, (mem)
Logical Operation
AND (mem), R/# OR (mem), R/#
XOR (mem), R/#
Bit Manipulation
STCF  #3/A,(mem) SET #3, (mem)
RES #3, (mem) TEST  #83, (mem)
CHG #3, (mem)
Rotate and Shift
RLC (mem)RRC (mem)

RL (mem)RR  (mem)

SLA (mem)SRA (mem)
SLL (mem)SRL (mem)
RLD (mem)RRD (mem)

@ fc, fs, frph, fsys, 1 state

The clock frequency input from pins X1 and X2 pin is called f¢, and the clock frequency input from XT1,
XT2 pin is called fs. The clock frequency selected by SYSCR1<SYSCK, GEAR2 to 0> is called system
clock fFpH, and the clock frequency given by frpy divided by 2 is called fgys. One cycle of fgygs is called
1 state.
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(2)
0)

@

®

@

C)

Care Points
EA, AM8/16 pin
Fix these pins Vcc or Vss unless changing voltage.
TEST1, TEST2 pin
Connect TEST1 pin with TEST2 pin.
HALT Mode (IDLE1)

When IDLE1 mode (oscillator operation only) is used, set TRUN <PRRUN> to “0” to stop prescaler
before “HALT” instruction is executed.

Warmingup Counter

The warm-up counter operates when STOP mode is released even if the system is using an external
oscillator. As a result, it takes warm-up time from inputting the releasing request to outputting the
system clock.

Programmable Pull Up Resistance

The programmable pull up resistances can be turned ON / OFF by the program when the ports are used
as input ports. When the ports are used as the output ports, they can not be selected ON/OFF by the
program.,

The data registers (e.g. P6 register) are used for the pull-up resistors ON/OFF. Consequently, Read-
modify-write instructions are prohibited.

WatchDog Timer

The watchdog timer starts operation immediately after the reset is released. When the watchdog timer
is not used, disable it.

A/D Converter

The string register between VREFH and VREFL pins can be cut by a program to reduce power
consumption. When the Standby mode is used, disable the resistor using the program before the
“HALT” instruction is executed.

CPU (Micro DMA)

Only the “LDC cr, r”, “LDC r, cr” instructions can be used to access the control registers in the CPU
(like the transfer source address register (DMASn)).

POP SR instruction

Please execute POP SR instruction during DI condition.
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TMP93XX44/45 DIFFERENT POINTS
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