TOSHIBA TMP92FD54Al
CMOS 32-bit Micro-controller
TMP92FD54AIF

1. Outline and Device Characteristics

TMP92FD54Al is high-speed advanced 32-bit micro-controller developed for controlling
equipment which processes mass data.

TMP92FD54Al is a micro-controller which has a high-performance CPU (900/H1 CPU) and
various built-in I/0s. TMP92FD54AI is housed in a 100-pin mini flat package.

Device characteristics are as follows:

(1) CPU : 32-bit CPU(900/H1 CPU)
Compatible with TLCS-900,900/1,900/1.1,900/H,900/H2’s instruction code
16Mbytes of linear address space
General-purpose register and register banks
Micro DMA : 8channels (250ns / 4bytes at fc = 20MHz, best case)
Minimum instruction execution time : 50ns(at 20MHz)
Internal data bus : 32-bit
(2) Internal memory
Internal RAM : 32K-byte
Internal ROM : 512K-byte Flash E2PROM
3K-byte Mask ROM (for Flash boot mode)

RESTRICTIONS ON PRODUCT USE R

¢ The information contained herein is subject to change without notice. 021023_D

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

devices in general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical
stress. It is the responsibility of the buyer, when utilizing TOSHIBA products, to comply with the standards of safety
in making a safe design for the entire system, and to avoid situations in which a malfunction or failure of such
TOSHIBA products could cause loss of human life, bodily injury or damage to property.
In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as
set forth in the most recent TOSHIBA products specifications. Also, please keep in mind the precautions and
conditions set forth in the “Handling Guide for Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability
Handbook” etc. 021023_A

e The TOSHIBA products listed in this document are intended for usage in general electronics applications
(computer, personal equipment, office equipment, measuring equipment, industrial robotics, domestic appliances,
etc.). These TOSHIBA products are neither intended nor warranted for usage in equipment that requires
extraordinarily high quality and/or reliability or a malfunctionor failure of which may cause loss of human life or
bodily injury (“Unintended Usage”). Unintended Usage include atomic energy control instruments, airplane or
spaceship instruments, transportation instruments, traffic signal instruments, combustion control instruments,
medical instruments, all types of safety devices, etc. Unintended Usage of TOSHIBA products listed in this
document shall be made at the customer’s own risk. 021023_B

e The products described in this document shall not be used or embedded to any downstream products of which
manufacture, use and/or sale are prohibited under any applicable laws and regulations. 060106_Q

e The information contained herein is presented only as a guide for the applications of our products. No responsibility
is assumed by TOSHIBA for any infringements of patents or other rights of the third parties which may result from
its use. No license is granted by implication or otherwise under any patent or patent rights of TOSHIBA or others.
021023_C

e The products described in this document are subject to the foreign exchange and foreign trade laws. 021023_E

e For a discussion of how the reliability of microcontrollers can be predicted, please refer to Section 1.3 of the
chapter entitled Quality and Reliability Assurance/Handling Precautions. 030619_s
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External memory expansion
16M-byte linear address space (memory mapped 1/0)
External data bus : 8bit(for external I/O expansion)
* Can’t use upper address bus when built-in I/Os are selected
Memory controller (MEMC)
Chip select output : 1 channel
8-bit timer : 8 channels
8-bit interval timer mode (8 channels)
16-bit interval timer mode (4 channels)
8-bit programmable pulse generation (PPG) output mode (4 channels)
8-bit pulse width modulation (PWM) output mode (4 channels)
16-bit timer : 2 channels
16-bit interval timer mode
16-bit event counter mode
16-bit programmable pulse generation (PPG) output mode
Frequency measurement mode
Pulse width measurement mode
Time differential measurement mode
Serial interface (SIO) : 2 channels
I/O interface mode
Universal asynchronous receiver transmitter (UART) mode
Serial expansion interface (SEI) : 1 channel
Baud rate 4/2/0.56Mbps at fc=20MHz.
Serial bus interface (SBI) : 3 channels
Clocked-synchronous 8-bit serial interface mode
12C bus mode

(10) CAN controller : 1channel

Supports CAN version 2.0B.
16 mailboxes

(11) 10-bit A/D converter (ADC) : 12 channels

A/D conversion time 8usec @fc=20MHz.
Total tolerance +/- 3LSB (excluding quantization error)
Scan mode for all 12channels

(12) Watch dog timer (WDT)
(13) Timer for real-time clock (RTC)

Can operate with only low frequency oscillator.

(14) Interrupt controller (INTC) : 60 interrupt sources

9 interrupts from CPU
42 internal interrupt vectors
9 external interrupt vectors

(15) 1/O Port : 68pins
(16) Standby mode

Four modes : IDLE3,IDLE2,IDLE1 and STOP
STOP mode can be released by 9 external inputs.

(17) Internal voltage detection flag (RAMSTB)
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TOSHIBA TMP92FD54Al

(18)  Power supply voltage

VCC5 = 4.5V to 5.25V

VCC3 = 3.3V (VCC3 Connect to REGOUT; built-in voltage regulator.)
(19) Operating temperature : -40 to 85 degree C
(200  Package : P-LQFP100-1414-0.50C
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Figure 1 TMP92FD54AI block diagram
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2. Pin Assignment and Functions
2.1 Pin Assignment
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2.2 Pin names and functions

The following table shows the names and functions of the input/output pins.

Pin name Lt Nurr.lber ot In/Out Function
number pins

P00..P07 " " {(CMOS)| infout |Port 0: /O port. Input or output specifiable in units of bits.

Do.D7  [20%...27% 8 | (TTL) | infout |Data: DatabusOto 7.

P40..P47 ogh _ 35h 3 in/out |Port4: I/O port. Input or output specifiable in units of bits.

A0..A7 out |Address: Address bus 0to 7.

P70 in/out |Port70: I/O port.

RD 81 1 out |Read: Outputs strobe signal to read external memory.

P71 4 in/out |Port 71: /O port.

WR 82n 1 out |Write: Output strobe signal to write external memory.

P72 Port 72: I/O port.

SI2 83 1 in/out |SBI channel 2: Input data at SIO mode

SCL2 SBI channel 2: Clock input/output at I*C mode

P73 gt 1 in/out |Port 73: I/O port.

CS out |Chip select: Outputs “low” if address is within specified address area.

P74 85th 1 m/out |Port 74: I/O port.

P75 " in/out |Port 75: I/O port.

WAIT 87 1 in  |Wait: Signal used to request CPU bus wait.

PCO in/out |Port CO: I/O port.

TIO 58th 1 in  [Timer input O: Input pin for timer 0. INTL —

INT1 in  |Interrupt request pin 1: Rising-edge interrupt request pin. J

PC1 57th 1 in/out |Port C1:I/O port.

TO1 out |Timer output 1: Output pin for timer 1.

PC2 in/out |Port C2: I/O port.

TO3 56th 1 out |Timer output 3: Output pin for timer 3. INT2 —

INT2 in |Interrupt request pin 2: Rising-edge interrupt request pin. J

PC3 in/out |Port C3: I/O port.

TI4 55th 1 in  |Timer input 4: Input pin for timer 4. INT3 J_

INT3 in |Interrupt request pin 3: Rising-edge interrupt request pin.

PC4 54th 1 in/out |Port C4: I/O port.

TO5 out |Timer output 5: Output pin for timer 5.

PCs in/out |Port C5: I/O port.

TO7 53w 1 out |Timer output 7: Output pin for timer 7. INT4 J_

INT4 in |Interrupt request pin 4: Rising-edge interrupt request pin.

PDO in/out |Port DO: I/O port. NS

TI8 in  [Timer input 8 Input pin for timer 8.

INT5 in  |Interrupt request pin 5: Interrupt request pin with programmable rising/faling

41 1 edge. WUINTO —

Al6 out |Address: Address bus 16. J _\— _U_

WUINTO in  |Wake up input 0: Wake up request pin with programmable rising, falling or both
falling and rising edge.

PD1 infout |Port D1: /O port. _

TI9 in  [Timer input 9: Input pin for timer 9. e f W J _\_ \ /

INT6 49nd 1 in |Interrupt request pin 6: Rising-edge interrupt request pin.

A17 out |Address: Address bus 17.

WUINT1 in  [Wake up input 1: Wake up request pin with programmable rising, falling or both
falling and rising edge.

PD2 in/out |Port D2: I/O port.

TO8 out |Timer output 8: Output pin for timer 8 WUINT2 —

A18 43 1 out |Address: Address bus 18. J _\_ \ /

WUINT2 in  |Wake up input 2 Wake up request pin with programmable rising, falling or both
falling and rising edge.

PD3 in/out |Port D3: I/O port.

TO9 out |Timer output 9: Output pin for timer 9 WUNT3 —

A19 44th 1 out [Address: Address bus 19. J _\_ _U_

WUINTS3 in  |Wake up input 3: Wake up request pin with programmable rising, falling or both
falling and rising edge.
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Pin name o Pm] I\(I)fu;n]:zr In/Out Function

PD4 infout |Port D4: I/O port. N7 —

TIA in  |Timer input A: Input pin for timer A

INT7 in  |Interrupt request pin 7: Interrupt request pin with programmable rising/falling

45t 1 edge. WUNT4 —

A20 out |Address: Address bus 20. J _\_ &{ /

WUINT4 in  |Wake up input 4: Wake up request pin with programmable rising, falling or both
falling and rising edge.

PD5 infout |Port D5: I/O port.

TIB in  |Timer input B: Input pin for timer B. WUINTS

A21 46th 1 out [Address: Address bus 21. f _\— v

WUINTS in  |Wake up input 5: Wake up request pin with programmable rising, falling or both
falling and rising edge.

PD6 infout |Port D6: I/O port.

TOA out |Timer output A: Output pin for timer A. WUNT6 (

A22 47th 1 out |Address: Address bus 22. J _\— _U_

WUINT6 in  |Wake up input 6: Wake up request pin with programmable rising, falling or both
falling and rising edge.

PD7 infout |Port D7: I/O port.

TOB out |Timer output B: Output pin for timer B. WUNT? (

A23 48t 1 out [Address: Address bus 23. J _\— v

WUINT7 in  |Wake up input 7: Wake up request pin with programmable rising, falling or both
falling and rising edge.

PFO 1ot 1 infout |Port FO: I/O port.

TXDO out |Serial interface channel 0: Transmission data.

PF1 11t 1 infout |Port F1: I/O port.

RXDO in  |Serial interface channel 0: Receive data.

PF2 infout |Port F2: I/O port.

SCLKO 10th 1 infout |Serial interface channel 0: Clock input/output.

CTSO in |Serial interface channel 0: Data ready to send. (Clear-to-send)

PF3 gth 1 infout |Port F3: I/O port.

TXD1 out |Serial interface channel 1: Transmission data.

PF4 g 1 infout |Port F4: I/0 port.

RXD1 in _[Serial interface channel 1: Receive data.

PF5 infout  |Port F5: T/O port.

SCLK1 7th 1 infout  |Serial interface channel 1: Clock input/output.

CTS1 n Serial interface channel 1: Data ready to send. (Clear-to-send)

PF6 g 1 infout |Port F6: I/O port.

X out |CAN: Transmission data.

PF7 5 1 infout |Port F7:1/0 port.

RX in  |CAN: Receive data.

PGO..PG7 39h._9gh 3 in  |Port G: Input-only port.

ANO.AN7 o in  |Analog input O to 7: AD converter input pins.

PLO..PL3 in  |Port LO to L3: Input-only port.

ANS.AN1 |97, 100t 4 in  |Analog input 8 to 11: AD converter input pins.

1

PMO in/out |Port MO: I/O port.

SS 16t 1 in  |SEL Slave select input.

A8 out |Address: Address bus 8.

PM1 infout |Port M1: /O port.

MOSI 17th 1 in/out |SEI: Master output, slave input.

A9 out |Address: Address bus 9.

PM2 infout |Port M2: /O port.

MISO 18t 1 infout |SEI: Master input, slave output.

A10 out |Address: Address bus 10.

PM3 infout |Port M3: I/O port.

SECLK 19th 1 infout [SEI: Clock input/output.

All out |Address: Address bus 11.

PM4 14t 1 infout |Port M4: I/O port.

SCK2 in/out |SBI channel 2: Clock input/output at SIO mode.

PNO 59t 1 in/out |Port NO: I/O port.

SCKO in/out |SBI channel 0: Clock input/output at SIO mode.
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Pin name Lo, Nun}ber In/Out Function
number | of ping
PN1 infout |Port N1: /O port.
SO0 60t 1 out |SBI channel 0: Output data input/output at SIO mode
SDAO infout |SBI channel 0: Data input/output at I*C mode
PN2 infout |Port N2: I/O port.
SI0 62nd 1 in  [SBI channel 0: Input data at SIO mode
SCLO in/out |SBI channel 0: Clock input/output at I*C mode
PN3 infout |Port N3: /O port.
SCK1 64t 1 infout |SBI channel 1: Clock input/output at SIO mode
Al12 out |Address: Address bus 12.
PN4 infout |Port N4: /O port.
SO1 65 1 out |SBI channel 1: Output data at SIO mode
SDA1 infout [SBI channel 1: Data input/output at I*C mode
Al13 out |Address: Address bus 13.
PN5 infout |Port N5: /O port.
SI1 66t 1 in  [SBI channel 1: Input data at SIO mode
SCL1 infout |[SBI channel 1: Clock input/output at I*C mode
Al4 out |Address: Address bus 14
PN6 Port N6: I/O port.
S02 7 1 infout [SBI channel 2: Output data at SIO mode
SDA2 out |SBI channel 2: data input output at I2C mode
Al15 Address: Address bus 15.
Non-maskable interrupt: Interrupt request pin with programmable falling or both
NMI 39th 1 in |falling and rising edge. o _\_ _\_ﬁ_

Interrupt request pin 0: Interrupt request pin with programmable level or

INTO 37th 1 in |rising-edge. INTO j._t f

Address mode pins: These pins are set as following,

AMO,1 80th, 78th 2 in (Single-Chip mode) AMO=L, AM1=H

(Single-Boot mode) AMO=H, AM1=H

. Test mode pins: These pins are set as following,
TESTO0,1 | 76t%, 71st 2
’ ’ " (Single Chip & Single Boot mode) TESTO=1, TEST1=L

CLK 77t 1 out  |Programmable clock output (with pull-up register).
X1X2 74t 72nd 2 infout |Oscillator connecting pins
XTUXT2 | 700 69 9 infout Low frequency oscillator connecting pins. Crystal or ceramic resonator is connected.

RC oscillation is also possible depending on MASK option.

RESET 79th 1 in  |Reset: Initializes LSI (with pull-up register).

VREFH 4th 1 in  |AD reference voltage high

VREFL 3 1 i [AD reference voltage low

ADVCC ond 1 Power supply pin for AD converter (+5V): Connect ADVCC pin to 5V power supply.
ADVSS 1st 1 GND pin for AD converter: Connect ADVSS pin to GND (0V).

DVCCs alizlif);;h 5 - Power supply pins (+5V): Connect all DVCC5 pins to 5V power supply.

DVCC3 |36h68h86nh 3 - Power supply pins (+3.3V): Connect all DVCC3 pins to REGOUT pin.

DVSS (15332:;3};:2;2 6 - GND: Connect all DVSS pins to GND (OV).

REGOUT 49t 1 out |Regulator output 3.3V: Connect capacitor to stabilize the regulator output.
REGEN 52nd 1 in  |Regulator enable pin: Should be set to H or OPEN (with pull-up register).
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3. OPERATION

This section describes the basic components, functions and operation of TMP92FD54A1.

3.1 CPU

TMP92FD54Al contains an advanced high-speed 32-bit CPU (900/H1 CPU)

3.1.1 CPU Outline

900/H1 CPU is high-speed and high-performance CPU based on 900/H CPU. 900/H1 CPU has

expanded 32-bit internal data bus to process Instructions more quickly.

Outline of 900/H1 CPU are as follows:

900/H1 CPU
Width of CPU Address Bus 24-bit
Width of CPU Data Bus 32-bit

Internal Operating Frequency

16 to 20MHz (@fosc=8 to 10MHz)

Minimum Bus Cycle (Internal RAM)

1-clock access (50ns@fosc=10MHz)

Internal RAM

32-bit 1-clock access

Internal ROM

32-bit interleave 2-1-1-1-clock access

Internal I/0

8/16-bit 2-clock access PORT, INTC,
MEMC

8/16-bit 5 to 6-clock access SEI, SIO, WDT,
8-bit Timer,

16-bit Timer,
RTC, 10-bit ADC,
SBI, CAN

External Device

8-bit 2-clock access (can insert some waits)

Minimum Instruction
Execution Cycle

1-clock(50ns@fosc=10MHz)

Conditional Jump

2-clock(100ns@fosc=10MHz)

Instruction Queue Buffer

12-byte

Instruction Set

Compatible with TLCS-900, 900/H, 900/L,
900/L1 and 900/H2 (NORMAL, MIN, MAX and
LDX instruction is deleted)

Micro DMA

8-channels

92FD54Al-9
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5. Electrical Characteristics

5.1 Absolute Maximum Ratings

Parameter Symbol Rating Unit
Power Supply Voltage Vees -0.5t06.0 \%
Input Voltage VIN -0.5t0 VCC5+0.5 \Y,
Output Current(total) sioL 100 mA
Output Current(total) Y 1OH -100 mA
Power Dissipation(Ta=85degree C) Pp 600 mw
Soldering Temperature(10s) TSOLDER 260 degree C
Storage Temperature Tsto -65t0 150 degree C
Operation Temperature -40to 85
Operation Temperature ToPR 01070 degree C
(Flash Program / Erase)
The number of write erase cycles New 100 Cycle

Note:

The absolute maximum ratings are rated values that must not be exceeded during

operation, even for an instant. Any one of the ratings must not be exceeded. If any
absolute maximum rating is exceeded, a device may break down or its performance may
be degraded, causing it to catch fire or explode resulting in injury to the user. Thus, when
designing products that include this device, ensure that no absolute maximum rating value

will ever be exceeded.

92FD54Al-68
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5.2 DC Electrical Characteristics

Veeh =4.5V to 5.25V / fc = 16 to 20MHz / Ta = -40 to 85 degree C

Parameter

Symbol

Condition

Min

Max Unit

Supply Voltage

Vces

4.5

525 V

Input Low Voltage
P00 to PO7(DO0 to 7)
PGO to PG7
PLO to PL3

ViLo

-0.3

0.8 \Y

Input Low Voltage
P00 to PO7(PORT)
P40 to P47

Vit

0.3*VCC5 \Y,

Input Low Voltage
INTO
NMI
RESET
P70,P71,P73to P75
PCO to PC5
PDO to PD7
PFO to PF7
PMO to PM4

Vi2

0.25*VCC5 | V

P72, PNO to PN6

ViLe

0.3*VCC5 \Y

Input Low Voltage
AMO to AM1
TESTOto TEST1

ViL3

0.3 \Y

Input Low Voltage
X1, XT1 (Crystal)

ViLa

*\Vce3 =3.3V

0.2*vCC3 \Y

Input Low Voltage
XT1(CR)

Vis

*Vee3 =3.3V

0.2*vCC3 \Y

Input High Voltage
P00 to PO7(DO to 7)
PGOto PG7
PLOto PL3

ViHo

22

VCC5+03 | V

Input High Voltage
P00 to PO7
P40 to P47

ViH1

0.7*vCC5

VCC5+03 | V

Input High Voltage
INTO
NMI
RESET
P70,P71,P73t0 P75
PCOto PC5
PDO to PD7
PFO to PF7
PMO to PM4

ViH2

0.75*VCC5

VCC5+0.3 \Y

P72, PNO to PN6

ViHe

0.7*vCC5

VCC5+0.3 Vv

Input High Voltage
AMO to AM1
TESTOto TEST1

ViH3

VCC5-0.3

VCC5+0.3 \Y

Input High Voltage
X1, XT1 (Crystal)

ViH4

*Vee3 =3.3V

0.8*vCC3

VCC3+0.3 \Y

Input High Voltage
XT1(CR)

ViHs

*\Vce3 =3.3V

0.7*vCC3

VCC3+0.3 \Y

92FD54Al-69
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Parameter Symbol Condition Min Max Unit
Output Low Voltage VoL loL =3.0mA 04 v
VoHo lon = -400uA 24
_ VoH1 loH = -100uA 0.75*VCC5
Output High Voltage \
puiigh Voliag Vorz | lon=-20UA 0.9VCC5
Vohn | lon=-200uA, PF6(TX) pin 0.82%/CC5
Input Leakage Current I 0.0 = Vin = VCC5 0.02(typ.) +-5 UA
Output Leakage Current | || o 0.2 = Vin = VCC5-0.2 0.05(typ.) +- 10 uA
Operating Current
(Single Chip)* lccs Vces=5.25V , X1=10MHz(Internal 20MHz) 80(typ) 100 mA
IDLE2 _ _
loospiez | Mode | Veos=5-25V, X1=10MHz(Internal 20MHz) 90
mA
IDLEL _ _
locsbier | poge | Vees=525V, X1=10MHz(Intemal 20MHz) 30
Operating Current
(Stand-by) | IDLE3 | Vees=5.25V, Ta = -40to 85 degree C 220 A
CCSDLES | Mode | Ve5=5.25V, Ta =-10to 55 degree C 140
| STOP | Vees=5.25V, Ta = -40to 85 degree C 200 UA
CCSSTOP | Mode | Ve5=5.25V, Ta =-10to 55 degree C 120
Stand-by Voltage Vergs | Voc3<Vecs. 30 5.25 Vv
ViH1<Vces , VIH2<Vces , ViHe<Vccs
Rest RESET
Pull-up Resistor Rax | CLK 60 20 |
Rrecen | REGEN
INTO, NMI, RESET, P70 to P75, PCO to PC5,
Schmitt Width VTH PDO to PD7, PFO to PF7, PMO to PM4, PNO 04 1.0(typ.) \%
to PN6
* On condition that external bus don’t operate
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Vee5 =4.5V 10 5.25V / fc = 16 to 20MHz / Ta =-40 to 85 degree C

Flash Single-boot Mode (Ta=0to 70 degree C during programming or erasing of flash memory)
Parameter Symbol Condition Min Max Unit
T SO ST |, 0 | w |m
Mﬁﬁggogf)g;ﬁrﬁ;gm ooz | =20 MHz — 100 mA
?(/Ijﬁﬁggogisaiﬂg? current o003 . 110 mA
Sendbyauren | loos | \oo0y Ta- 101058 degreaC — | i | w

Note: Precautions when programming/erasing flash memory
1) In On-Board Programming Mode (Single-Boot Mode or User Boot Mode), inhibit all interrupts including NMI
to allow the highest priority for program/erase operations.
2) To rewrite data in already programmed addresses, execute an Auto Erase before executing Auto Program.
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5.3 AC Characteristics
Read cycle VCC5=4.5 t0 5.25V+5%, TA=—40to 85 degree C
No. Parameter Symbol Min Max @20MHz | @16MHz Unit
1 | OSC period (X1/X2) tosc 100 125 100 125 ns
2 | System Clock period (=T) tove 50 62.5 50 625 ns
3 | CLK LowWidth to 05xT-15 10 16 ns
4 | CLK High Wicth ten 05xT-15 10 16 ns
51 | AOtoA23Valid — DO to D7 Input @OWAIT to 20xT-50 50 75 ns
52 | AOtoA23Valid — DOto D7 Input @I WAIT taoa 3.0xT-50 100 138 ns
61 | RDFall — DOto D7 Input @OWAIT tro 1.5xT-45 30 49 ns
62 | RDFall — DOto D7 Input @1WAIT tros 25xT-45 80 111 ns
7-1 | RD Low Width @OWAIT trr 15xT-20 55 74 ns
7-2 | RD Low Wicth @IWAIT trrs 25xT-20 105 136 ns
8 | A0to A23Valid — RD Fall tw 05X%T-20 5 11 ns
9 | RDFall — CLKFall tre 05xT-20 5 11 ns
10 | AOto A23 Valid — DOto D7 Hold tia 0 0 0 ns
11 | RDRise — DO to D7 Hold tr 0 0 0 ns
12 | AOto A23Valid — PORT Input tarr 2.0xT-120 20 5 ns
13 | AOto A23 Valid — PORT Hold tapn 20xT 100 125 ns
14 | WAIT Set-up Time t 15 15 15 ns
15 | WAIT Hold Time tar 5 5 5 ns
Write cycle VCC5=5.0V 5%, TA=—40 10 85 degree C
No. Parameter Symbol Min Max @20MHz | @16MHz Unit
1 | OSC period (X1U/X2) tosc 100 125 100 125 ns
2 | System Clock period (=T) teve 50 62.5 50 625 ns
3 | CLK LowWidth to 05xT-15 10 16 ns
4 | CLK High Wicth ten 05xT-15 10 16 ns
51 | DOtoD7Valid — WR Rise @OWAIT tow 1.25%x T-35 28 43 ns
52 | DOtoD7Valid — WR Rise @IWAIT tows 2.25xT-35 78 106 ns
6-1 | WRLow Width @OWAIT tow 1.25%x T-30 33 48 ns
62 | WRLow Width @IWAIT toaws 2.25% T-30 83 111 ns
7 | A0to A23 Valid — WR Fall taw 05% T-20 5 11 ns
8 | WRFall — CLK Fall tak 05xT-20 5 11 ns
9 | WRFall — AOto A23 Hold twa 0.25xT5 8 11 ns
10 | WRFall — DOto D7 Hold two 025%T-5 8 11 ns
11 | AOto A23Valid — PORT Output tapw 20X T+70 170 195 ns
12 | WAIT Set-up Time ty 15 15 15 ns
13 | WAIT Hold Time tir 5 5 5 ns
14 | RDRise — DOto D7 Output troo 1.25%x T-35 20 26 ns
AC Condition
« Output DO to D7, AO to A7, A8 to A15, A16 to A23, RD, WR
High 2.0V, Low 0.8V, CL=50pF
Others
High 2.0V, Low 0.8V, CL=50pF
«lnput DO to D7
High 2.4V, Low 0.45V, CL=50pF
Others

High 0.8 X VCC5, Low 0.2 XVCC5
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(1) Read cycle (0 wait)

X1\

A

AN
- toe -
T
O tGL —>
CLK \ N \
(fo) ~——— N ~—
e
E aln
WAIT /r 31‘\
A0to A23 @ K
AN
S\ /
N 4
(—)tHA
- th — o <« tx
_ <>tig
RD N\ _/_
< tw
- to
V4 N
D0 to D7
§( Data Input 7§
- Ly ]
< tm
Port input d’i Port Input
Note The phase relation between X1 input signal and the other signals is unsettled.
The timing chart above is an example.
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(2) Write cycle (0 wait)
- T >
X \
' N / \‘L
-< tore >
= tGL —> tGH
CLK \ N \
(fo) ~— N~ N~—
e e
S| |-
WAIT Z‘ BT\
A0 to A2 v
0to A23 X K
CEEN -

DO to D7

Port output

Note

- A
e b | | T
N 7‘Z
-« 1™ -
- tow - |
v
Z Data Qutpirt
t N
|- RDO E
/—!
- Tapw -

The timing chart above is an example.

The phase relation between X1 input signal and the other signals is unsettled.
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(3) Read cycle (1 wait)

woON_/ N/ ./
WAIT X‘ 7[ 7l 3:

A0to A23 v
N
- ts
CS
\
RD
-~
- e |
- s
—
DO to D7 § Data Input
(4) Write cycle (1 wait)

s / / /

o N [ 7 X

A0 to A23 o

< s >

< tow >
DO to D7 Data Output jP

<t
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5.4 AD Conversion Characteristics
Symbol Parameter Min Typ MAX Unit
VREFH | Analog reference voltage(+) VCC5-02 | VCC5 VCC5
VREFL | Analog reference voltage(—) VSS5 VSS5 VSS5
AVCC AD Converter Power Supply Voltage VCC5-0.2 VCC5 VCC5 \Y
AVSS AD Converter Ground VSSH VSS5 VVSS5
AVIN Analog Input Voltage VREFL VREFH
IREF Analog Current for analog reference voltage
<VREFON>=1 08 12 mA
<VREFON>=0 0.02 5 UA
Total error
Er (excluding quantize error) +30 LSB

Note) “LSB”is the UNIT which means the resolution of AD CONVERTER. (+/- 3LSB =3*VCC/1024 = +/-15mV)

5.5 Event Counter (TIO, Tl4, TI8, TI9, TIA, TIB)

Parameter Symbol _ Variable _20MHz _16MHz Unit
Min Max Min Max Min Max
Clock Cycle tvek 8T+100 500 600 ns
Clock Low Width tveKL AT+40 240 290 ns
Clock High Width tVCKH AT+40 240 290 ns
5.6 Serial Channel Timing
(1) SCLK Input mode (1/O Interface mode)
Variable 20MHz 16MHz .
P i( Symbol - - - Unit
arameter yme Min Max Min Max Min Max i
SCLK Cycle tscy 16T 0.8 10 us
Output Data — SCLK Rise toss tSCI’lZ(')“T 90 140
SCLK Rise — Output Data Hold | tons tscy/2+2T 500 625 ns
SCLK Rise — Input Data Hold | s 3T+10 160 197.5
SCLK Rise — Input Data Valid tSrRD tscy 800 1000
(2) SCLK Output mode (/O Interface mode
Variable 20MHz 16MHz .
P i( Symbol - - - Unit
arameter yme Min Max Min Max Min Max i
SCLK Cycle (programmable) tscy 16T 8192T 0.8 409.6 1.0 512 us
Output Data — SCLK Rise toss tscy/2-40 360 460
SCLK Rise — Output Data Hold | tons tscy/2-40 360 460
SCLK Rise — Input Data Hold tHSR 0 0 0 ns
SCLK Rise — Input DataValid | tsgp tsclYé (Z)'T 570 7575
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< tscy ,I

SCL l—l

toss |toH
«—>

<>
OUTPUT DATA \# o 1 X
™D tsrD tHs
<>
INPUT DATA X VALID X VALID
RxD

(3) SCLK Input mode (UART mode) (Preliminary)

Variable 20MHz 16MHz .
Symbol
Parameter YR Min Max Min Max Min Max Unit
SCLK Cycle Tscy 4T+ 20 220 270
SCLK Low level Pulse width TscyL 2T+5 105 130 ns
SCLK High level Pulse width TscyH 2T+5 105 130
5.7 Interrupt Operation
Variable 20MHz 16MHz .
Symbol
Parameter ymbo Min Max Min Max Min Max unit
NMIINTO Low Width TINTAL 4T 200 250
NMIINTO High Width TINTAH 4T 200 250
WUINTO to WUINT?7, ns
INTZ to INT7 Low Width TinTeL [ 8T+100 500 600
WUINTO to WUINT?7,
INTL to INT7 High Width Tinter [ 8T+100 500 600
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5.8 Serial bus interface

I2CBUS-AC-SPEC TABLE
(fc=20MHz) (fc=System clock)
No PARAMETER isti
svveod uni 400KHz 100KHz Existing rate
MIN MAX MIN MAX MIN MAX
1] SCL clock frequency fool KHz 0 400 0 100 0 fc/(2"+8)
Hold time (repeated) START condition.
2| After this period, the first clock pulse is generated. |t p.sra | ns 650 - 4500 - 2"c -
3|LOW period of the SCL clock tow ns | 1300 - 4700 - 2"c -
4|HIGH period of the SCL clock thicH ns 600 - 4000 - (2”'1+8)/fc -
5] Set-up time for a repeated START condition tsu.sta | s by software by software by software
Data hold time:
6]for CBUS compatible masters for 12C-bus devices |t,p.par | NS 0 900 0 3450 0 6/fc
7| Data set-up time tsu.oar | NS 100 - 250 - (2"'1—6)/fc -
Data set-up time
7’| (The case in the first bit after transfer ) tsu.so] 1 1 1 1 1 (2”’1-12)/fc -
Rise time of both SDA and ACL signals (*1) 30.0 100.0
8 t, ns - (receive) - (receive) -
9| Fall time of both SDA and ACL signals t; ns - 300 - 300 -
10| Set-up time for STOP condition tsu.sto | ns 950 - 4200 - 2" L412)/ -
BUS Tree tme Dpetween a4 STUF ald START
11, i taur ns by software by software by software
12| Capacitive load for each cus line Cp pF 400 400 400
Noise margin at the LOW level for each connected
13| device (including hysteresis) Vi v | 0.2Vpps - 0.2Vpps - 0.2Vpps -
Noise margin at the HIGH level for each connected
14 device (including hysteresis) Vi v | 0.2Vpps - 0.2Vpps - 0.2Vpps -
Pulse width of spikes which must be
15)suppressed by the input filter to ns 0 50 n/a n/a n/a n/a
Note
1 All values referred to Vyin and Vi nax levels.
tyg,
i« ~SUISDAT P
:2 ..... = e ZL
: 7+
: tpi * :
r H H
» Leug +
1:HD:S'I'A 1:r 1'—’HD:DAT 1'—’f 1'—’SU:S'I'A 1:SU:STO

S:Sat P:Sop S :ReSat

*1) 12BUS CLK AC SPEC: Tr (Transmitter selection )

Vih

SCLK“
T-Low Tr T-High
SCK(0001 - 0110) 2*(n-1)/fc (2*(n-1)+8)/ffc
SCK(1111) :100KHz 100/fc 100/fc
SCK(1000) :400KHz 32/fc 18/fc

v

Tr |Oto2/fc T2/fc to 4/fic | 4ffcto 6/fc | 6/fcto 8/fc  [8/fc to 10/fc |
SCK(0001 - 0110) T-R 0 4lfc 8/fc
SCK(1111) :100KHz T-R 0 4ffc Blic
SCK(1000) :400KHz T-R 0 2ffc ] 4lfc 6lfc [ 8
- =T +T-R+T-

Example:in the case of  fc=20MHz, SCK3,2,1,0=(0001), Tr=200ns
1) Tr=200ns so T-R=4/fc
2) T-period = 2*(n-1)/fc + 4/fc + (2*(n-1)+8)/fc
=76/fc =3.8us

92FD54AI-78 2006-01-27



TOSHIBA TMP92FD54Al

5.9 Serial Expansion Interface

Variable 20MHz .

Symbol Parameter i Vo i Vo Unit
tsecik SECLK Cycle 5T 40T 250 2000 ns
tLEaD SS fall > SECLK AT 200 ns
tiag SECLK - SSrrise AT 200 ns
tscxn SECLK H|gh Pulse Width tsecik /2-9 116 ns
tsexe SECLK Low Pulse Width tsecik /2-9 116 ns
tsy Input Data Set-up tsecik /4-10 52 ns
Ty Input Data Hold tsecik /4 62 ns
ty OUtpUt Data Valid tsecik /4 62 ns
tho Output Data Hold 0 0 ns

a) SEI Master (CPHA=0)

SS

tsecik > tsokn [

sox ST\ TN\

> ltsckt <
SECLK ] \ / N / \ /
‘tsu = tH
I Y / \
MISO MSB Input { Dbittol ) \ LSBinput )
> |< > |=
ty tho
MOSI \ MSB Output X hit6 to 1 X LSB Output /

b) SEI Master (CPHA=1)

SS

{secik

SECLK _!\4/_3\_ '_\I \

-—
-

tsu tH

MISO MSB Input bit6to1 D—t LSBInput )
*

<ty > [t

MOSI \ MSB Output X bit6to 1 X LSB Output 1‘_/
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¢) SEI Slave (CPHA=0)

‘* tiac

’/_\_/ tSCKI;! \~ fsce :Z \

=
SECLK \ i \_,‘/_\ f
> |<— to

MISO ——  MBBOuput | bit6tol K LSBOutput X )—

> | tgy > |ty |

<>
MOSI  ———{ MSB Input LSB Input

d) SEI Slave (CPHA=1)

~

N

s\ 1%
L&g > Isckn | ‘tLAG’
SECLK N i "g / \
> tso | |
SECLK \ / \ / \ /
> =<y, > <t
mso — X MgBOuput X bit6tol X LSHOutput —
> < tgy > -<

tH
MOSI — MSBInput>—< bit6to1 »>—  LSB Input [p———

5.10 Controller Area Network (CAN)

Variable 20MHz .
| P
Symbo arameter i Vo i Mox Unit
fook CAN Clock period 2T 100 ns
t Tx edge >Rx Input 2tcclk-20 180 ns
TX
) j( j
tp tp
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5.11 Voltage regulator

Voltage Regurator Veeb =4.5V 10 5.25V / fc = 16 to 20MHz / Ta =-40 to 85 degree C

Parameter Symbol Condition Min. Typ. | Max. |Unit.
Output Voltage REGOUT 3.0 — 3.6 V

Output Current Iro Vin-REGOUT=1.0V 0 — 150 mA

Quiescent Current Iq Iro=10 uA 30 50 100 | «A

Iql 10 uA<Iro<100mA (Ta=25°C) 15 250 800 | 1A

lop Iro=150mA 6 8 10 mA

Standby Current Is REGEN=0 (Regulator Only) — 0.1 0.2 UA

0.5[0hm] <ESR=<5.0[Ohm]

Parameter Symbol Condition Min. Typ. | Max. |Unit.
Stabilization capactor Cs Cb=10uF, ESR=4.7Q 0.1 — 10 uF
Bypass capactor Cb Cs=10uF, ESR=4.7Q (Cs>=Cbh) 0.1 — 10 uF
Input capactor Cin | Cs=10uF, ESR=4.7Q

(Note) 4.7 — 22 | uF
Equivalent ESR | Cs=10uF Cb=0.1uF
. . 0.5 — 5 Q
Series Resistor

0.5[0hm] <ESR=50[0hm]

Parameter Symbol Condition Min. Typ. | Max. | Unit.
Stabilization capactor Cs Cb=0.6uF, ESR=47Q 0.1 — 10 uF
Bypass capactor Cb Cs=10uF, ESR=47 Q (Cs>=Ch) 0.6 — 10 uF
Input capactor Cin | Cs=10uF, ESR=47Q 47 . 29 UF

(Note)
Equ_lvalent_ ESR | Cs=10uF Cb=0.6uF 0.5 . 50 0
Series Resistor

0.5[0hm] <ESR=<100[Ohm]

Parameter Symbol Condition Min. Typ. | Max. |Unit.
Stabilization capactor Cs Cb=1.0uF, ESR=100% 0.1 — 10 uF
Bypass capactor Cb | Cs=10uF, ESR=100Q (Cs>=Cb) 1.0 — 10 uF
Input capactor Cin | Cs=10uF, ESR=100Q

(Note) 4.7 — 22 UF
Equivalent ESR | Cs=10uF Cb=1.0uF
Series Resistor 0.5 _ 100 | €

Note: Recommend Tantalum Capacitor.

DVCC3

OI_“

TMP92FD54Al

—‘7T DVCC5 REGOUT
Cin

DVSS REGEN

OPEN

ESR

]
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