TOSHIBA UNDER DEVELOPMENT TMP93CU44

Low Voltage / Low Power CMOS 16-bit MICROCONTROLLERS

TMP93CU44DF

1. OUTLINE AND DEVICE CHARACTERISTICS

The TMP93CU44 are high-speed, advanced 16-bit microcontrollers developed for controlling medium to
large-scale equipment.

The TMP93CU44DF are housed in 80-pin flat package (QFP80-P-1420-0.80B).

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 : 3K bytes

Internal ROM : 96K bytes

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
I2C 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

® 9 CPU interrupts
® 17internalinterrupts

® 7external interrupts :l 7-level priority can be set.

I/O ports : 62pins

Purchase of TOSHIBA I C components conveys a license under the Philips 1% 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 UNDER DEVELOPMENT TMP93CU44

(15) Standby function : 4 haltmodes (RUN,IDLEZ2,IDLE1, STOP)
(16) Clock gear function

® High-frequency clock can be changed from fc to fc/ 16.
® Dual clock Operation

(17) Wide Range of Operating Voltage
® Vec=27t055V

(18) Package
& QFP80-P-1420-0.80B
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TOSHIBA UNDER DEVELOPMENT TMP93CU44
— vcC[2]
ANO to AN2 (P50 to P52), 900/ L-CPU L vss [2]
AN4 to AN7 (P54 to P57) — T
AN3/ADTRG (P53) 10-BIT 8CH XWA WA Fre q'ugen o X1
AVCC A/D XBC B|C 0sC X2
AVSS CONVERTER XDE DIE
CLOCK
VREFH XHL H| L CONTROLLER CLK
VREFL XIX IX
XIY Y Low XT1
XIZ 1Z Frequency XT2
TXDO (P60) SERIAL I/O XSP SP -«<— AM8/16
RXDO (P61) (CH.0) -« 32bit —> ~—EA
SCLKO/CTSO (P62) SR ~—RESET
TXD1 (P63) SERIAL /O [ ALE
RXD1 ( P64) (CH.1) ~<T> TEST2, 1
SCLK1/CTS1 (P65) INTERRUPT INTO (P35)
CONTROLLER NMIT
WAIT (P70)
P71
P72 WATCH-DOG
P73 TIMER
P74 PORT7 3KB RAM
P75
P76
P77 PORTOQ ADO to AD7
(P00 to P07)
TIO/INTT 8BIT TIMER
P40 PORT 1 AD81to AD15/A8to A15
(P40) (TIMER 0) (P10to P17)
8BIT TIMER
(TIMER 1) PORT 2 AO0to A7/A16t0 A23
(P20 to P27)
8BIT TIMER
(TIMER 2) o
RD (P30)
TO3 (P41) 8BIT TIMER PORT 3 WR (P31)
(TIMER 3) HWR / SCK (P32)
96KB ROM
INT4/TI4 (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)
INTERFACE
CONTROLLER SI/SCL (P34)

Note) The items in parentheses (

Figure 1 TMP93CU44 Block Diagram

) are the initial setting after reset.
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TOSHIBA

UNDER DEVELOPMENT

TMP93CU44

2.1

PIN ASSIGNMENT AND FUNCTIONS

The assignment of input and output pins for the TMP93CU44, their names and functions are described

below.

Pin Assignment

Figure 2.1 shows pin assignment of the TMP93CU44DF.

5)
4
3)
2)
ib]
0)

NS S N s s N N T T T T T s

(TO3) P41 T
(TI4/INT4) P42 T
(TI5/INTS5) P43 T

(TO4) P44 [IT—]
(TI6/INT6) P45 T
(TI7/INT7) P46 {70

(TO6) P47 [T

VREFH O]
VREFL T}
Avss OT—]
Avee O 75

(ANO) P50 [TT—]

(AN1) P51 [IT—]

(AN2) P52 [IT—]

(AN3 /ADTRG) P53 IT—] O

(AN4) P54 [IT—{80

N
al

TMP93CU44DF
QFP80

TOPVIEW

[TT—1 P07 (AD7)
[TT—1 P06 (AD6)
[T PO5 (ADS5)
[T P04 (AD4)
[MT—1 P03 (AD3)
[T P02 (AD2)
[T P01 (AD1)
[T P00 (ADO)
[T ALE
VIS

M1 1 vCC
M1 TEST2
[T TEST1

HIT—1 P67 (XT2)
1T P66 (XT1)
L1 RESET

—
pe0 —IT5

—
pe2 IO
pe3 IO

(AN5) P55 [T

(AN6) P56 [—ITJ

(AN7) P57 =TT
NMIT

P61

~ o~

(TXDO
(RXDO

pe5s CTIO10
p7o IO
[——

P71

CTS1

WAIT

CTSO

(scLko/
(SCcLK1/

Figure 2.1 Pin Assignment (QFP80-P-1420-0.80B)
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TOSHIBA

UNDER DEVELOPMENT TMP93CU44

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 '\(I;,L:c?i?gr 110 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 | Timerinput0: Timer 0 input
/INT1 Input | Interrupt request pin 1: Interrupt request pin with rising edge A
P41 ] I/0 | Port 41: 1/0 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

UNDER DEVELOPMENT TMP93CU44

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
EA 1 Inpu
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TOSHIBA

UNDER DEVELOPMENT TMP93CU44

Table 2.2 Pin Names and Function (3/3)

Pin name '\l,‘%’},‘i?,es’ 1/0 Functions

AMS8/716 1 Inpu
Address Latch Enable
ALE ! Output Can be disabled for reducing noise.
RESET 1 Input |Reset: Initializes TMP93CU44. (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: 1/0 port (Open Drain Qutput)
/XT1 Input |Low Frequency Oscillator connecting pin
P67 1 I/0 |Port 67: 1/0 port (Open Drain Output)
/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).)
V/SS 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 UNDER DEVELOPMENT TMP93CU44

3.1

3.2

OPERATION
This section describes the functions and basic operational blocks of TMP93CU44 devices.
CPU

TMP93CU44 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)

Memory Map
Figure 3.2 is a memory map of the TMP93CU44.

000000H A
256 byte direct
000080H area (n)
000100H
000C80H
External memory 64K-byte area
(nn)
01 OOOOH ..................................................
16M-byte area
FES8000H (r32)
(-r32)
(r32 +)
(r32 +r8/16)
(r32 +d8/16)
(nnn)

FFFFOOH
FFFFFFH

=Internal area)

Figure 3.2 Memory map
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TOSHIBA

UNDER DEVELOPMENT

TMP93CU44

4, ELECTRICAL CHARACTERISTICS (PRELIMINARY)
41 Absolute Maximum Ratings
(TMP93CU44DF)
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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TOSHIBA UNDER DEVELOPMENT TMP93CU44
4.2 DC Characteristics (2/2)
Symbol Parameter Min [Typ.(Note1) Max |Unit Condition
. : VExT=1.5V
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 | [Vee=55V
50 160 Vcc=4.5V
R Pull Resistance = b KO b
U Pl e esistance N N 260 [Vee=33V
90 400 Vecc=2.7V
Cio |Pin Capacitance 10 pF |fc=1MHz
Schmitt Width
VTH | RESET, NMI, INTO 04 1.0 v
lcc | NORMAL (Note3) 21 28 Vec=5V*10 %
RUN e s Ty fc =20 MHz
e R S R 5
IDLE1 2.5 4 mA
NORMAL (Note3) 7 10 ¥cc =3V10%
RUR s e =125 MHz
|D|_E2 ......................................................................... 45 6 ........ (Typ Veec=3.0 V)
T e s G5t o
SLOW (Note3) 20 35 }/cc =3Vt LO %
RUR e T =32 768 kHx
B g g | oA | (Ve =300)
IDLE1 4 15
sop .1 |. 0 Ta = 50°C Tyeco
................. 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

A
— W
IDAR
VEXT

2
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TOSHIBA UNDER DEVELOPMENT TMP93CU44

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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TOSHIBA UNDER DEVELOPMENT TMP93CU44
(2) Vec=3V 10%
No. |Symbol Parameter - Variable 1_2'5 MHz Unit
Min Max Min | Max
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 fallSWAIT 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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TOSHIBA UNDER DEVELOPMENT TMP93CU44

(1) Read Cycle

X1/XT1

? tolk— '
aK ;ﬁ: ; ;
A0 to 23 ><" "><:

7/ N : : H T—

~— tew

Port Input —;—————-——-;-f’_“i”__-.__g ) SRR

tADH > <tcA—>

~tACL : :
Lt > —tRD : tHR

ADO to 15 -é_----{‘ ADto 15 :}-—— ——————— < Dotos ——

ALE j
Al
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TOSHIBA UNDER DEVELOPMENT TMP93CU44

(2) Write Cycle

XUXT1 | |
A0 t0 23 :X ><:

PortOutput ; $

tpw

AR _'é-___< Aio"°15 >< D0t0155 D
ALE _/ \ /_
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TOSHIBA UNDER DEVELOPMENT TMP93CU44
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 MIHz 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 \ ol 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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TOSHIBA

UNDER DEVELOPMENT TMP93CU44
(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
tscy | SCLK cycle 4x +20 122 4s 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
tiNTBL INT1, INT4 to INT7 Low level Pulse width 4X +100 420 300 ns
tinten | 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 (/| o /f
SDA X 7 N Q
| ||
tHD:0ODAT
testa <> > |<topaT trspa
I tLow tFDRC
SCL )
- tHIGH
tHD:STA tHD:IDAT tsu:IDAT tsu:sto

93CU44-17



TOSHIBA UNDER DEVELOPMENT TMP93CU44
(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, <
SO 3§< >§‘
(Output data) 7 \
> THsr2

SI

(Input data)
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