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ABSTRACT

This thesis presents the ultrasonic machine part cleaner. This cleaner consists of two mainly
parts. First part is accomplished with a 28 kHz oscillator circuit, a gate driving circuit, a power
amplifier circuit. The second part consists of central control unit that is operated by using a
microcontroller. This part used the microcontroller to drive gate circuit, to set and show the
remained cleaning time, and to display working and warning status. The ultrasonic machine part
cleaner can be expended and modified the capabilities to invent and develop for Thailand

Industrial in the future.
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Tilsunsuaiugumsmay

DATA_LOW EOUY S0

DATA_MID EQU 30

DATA HI EQU 60

SEG 1 EQU  30H

SEG_2 EQU  31H

KEY EQU  32H

COUNT EQU  33H

MM EQU  34H

58 EQU  35H

C_COUNT EQU  36H

TEMP EQU  40H

FLAG EQU " 2&H

FLAG2 EQU " 2BH

B SHIFT BT FLAG0

B BEEP BIT— FLAG: 1

B_LOW BIT ELAG™2

B MID BIT~ ) ELAG-3

B HI BIT . FLAG.4

B BRINK BIT-q \ELAG2.0

B_ALUM BERAL BN, 1

DIGL BIT ~P2.0

DIG2 BI#e~”BI1

LED_START “_ BIT% .[P22

LED_STQP BN L_DYY Y

BBZ 21T * 30y

TRIG_ON BT 1823

TRIG_OFF B@r P76

BRINK BIT ) PO.7

S_LOW BIT, <P3,0

S_MID BIM N I¥:

S_HI BIT NIR2

S_START BN RS 3

S_STOP BIT g7
ORG  000OH

AJMP ZERO_CONST

ORG  0O0OBH
AJMP TIMER INT

ZERO CONST: ACALL DELAY
ACALL DELAY
MOV PO, #0FFH
MOV P2, #00H
MOV P3, #0FFH
MOV COUNT, #00H
MOV FLAG, #00H
ACALL CODE TO_SEG
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START :

DISPLAY:
T DIBP

SCAN_KEY:

L SCAN:

CAL KEY:

L CALE

SETB
CLR

ACALL
ACALL
ACALL
AJMP

MOV

SETB
MOV
MOV
MOVC
MOV
CLR
ACALL
SETB
MOV
MOV
MOVC
MOV
MOV
MOV
CLR
ACALL
SETB
DJINZ
RET

MOV
MOV

MOV
MOVC
MOV
MOV
ANL
CJINE
INC
DJINZ
RET

MOV
MOV
MOV
MOV

MOV
MOVC
CJINE
MOV
MOV
MUL
ADD

LED_STOP
BBZ

ACALL DISPLAY
SCAN_KEY
COMMAND

START STOP
START

RO, #01H

SETB DIG1

DIG2

B8 1

DPTR, #TABLE_SEG
A, GA+DPTR

PO/A

DIG1

DELAY

DIGL

A, SEG. 2
DPTR,#TABLE .SEG
A, @A+DPTR
C,B_BRINK

BeSy 2,

PO, A

DIG2

DELAY

DIG2

RO, I, DISP

RO, #00H

R1, #03H

MOV. A, RO
DPTR, #TABLE ROW
A, QA¥DPTR

Bl, M

n, Pl

A, #0FH

Ay #0FH, CAL KEY
RO

R1, L “SCAN

TEMP, RO

KEY ,A

RO, #00H

R1, #04H

MOV A, RO
DPTR, #TABLE_COL
A, @A+DPTR
A,KEY ,N_CAL
A, RO

B, #03H

AB

A, TEMP
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N CAL:

WAIT:

START_STOP:

SW_START:

I, SW_START:

LOW_ON;;

MID ON:

HI ON:

SHIFT ON:
NO_ON:

LOOP_WAIT:

GO_ON:

MOV
MOVC
MOV
ACALL
ACALL
RET

INC
DJINZ
RET

ACALL
MOV
MOV
ANL
CJINE
RET

NOP
JB
ACALL
JNB
SETB
CLR

JNB
MOV
ACALL
AJMP

MOV
ACALL
AJMP

JNB
MOV
ACALL
AJMP

ACALL
AJMP

MOV
CJINE
MOV
RET

SETB
ACALL
CLR
MOV
MOV
CJINE
SETB
CLR

DPTR, #TABLE_CODE
A, @A+DPTR

KEY ,A

SHIFT

WAIT

RO
B, 1 CAL

DISPLAY
P1, #0FH

A, Pl

A, #0FH

A, #OFH, WAIT

S. START, NO ON
DISPLAY

S/ START, L, SW START
LED START

LED_STOP

B LOW, MID_ON
COUNT, $DATA/ LOW
CODE TO SEG
LOOP_WAIT

JNB) B.MID,HI ON
COUNT, 4DATA MID
CODE TO SEG

LOOP WAILT

B _HI,SHIET ON
COUNT, #DATA HT
CODE_TO 'SEG
LOOP-WAIT

SEG_TQ_CODE
LOOP 'WAIT
RET

A, COUNT
A, #00H, GO ON
FLAG, #00H

TRIG ON
DELAY 100MS

TRIG ON

MM, COUNT

A, #00H

A,MM,N LOOP WAIT
LED_STOP
LED_START
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N LOOP WAIT:

L WAIT2:

L WAIT3:

P_STOP:

SW_STOP:

SW_EXIT:

TIMER INT:

SETB
ACALL
CLR
MOV
ACALL
MOV
RET

MOV
MOV
NOP
SETB
SETB
MOV
MOV
MOV
SETB
SETB
CLR

MOV
ACALL
ACALL
JNB
JNB
MOV
MOV

JNB
ACALL
AJMP

CLR
CLR
CLR
SETB
ACALL
CLR
SETB
CLR
CLR
RET

CLR
CLR
CLR
SETB
ACALL
CLR
SETB
CLR
MOV
RET

PUSH
PUSH

TRIG_OFF
DELAY 100MS
TRIG_OFF
COUNT, #0H
CODE_TO_SEG
FLAG, #00H

Ss, #00
C_COUNT, #00H

EA
ETO

TMOD, #01H
THO, #4CH
THO, #09H
TRO
B-BRINK
B ALUM

COUNT, MM
CODE_.TO_SEG
DISPLAY
S_STOP,Si_STOP
B ALUM,L_WAIT2
SEG1, %00H
SEG 2, #00H

S STOP,P STOP

DISPLAY
L WATIT3
HEJ \ TFR
TRO

TFY

TR1

TRIG OFF
DELAY 100MS
TRIG-OFF
LED STOP
LED_START
BBZ

TFO

TRO

B BRINK
TRIG_OFF
DELAY 100MS
TRIG_OFF
LED_STOP
LED_START
FLAG, #00H
00H

ACC
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INC_S:

EXIT TIMER:

TIMER ALUM:

SHIFT:
KEY ERR:

N_SHIFT1:

N_SHIFT2:

COMMAND:
CH_LOW:

PUSH
CLR
CLR
NOP
MOV
MOV
SETB
MOV
INC
CJINE
MOV
CPL

JNB
MOV
DEC
INC
CJINE
MOV
DEC
DEC
CJINE
SETB
ACALL
CLR
CLR
SETB
CLR
POP
POP
POP
RETT

C L
CPL
POP
POP
RETI

CJINE
RET

JB
MOV
MOV
MOV
SETB
RET

MOV
MOV
RET
NOP

MOV

PSW
TEO
TRO

THO, #4CH

TLO, #09H

TRO

RO, #C_COUNT

@RO

@RO, #0AH, EXIT TIMER
@RO, #00H

B BRINK

JB B ALUM, TIMER ALUM

B BRINK, EXIT.TIMER
@RO, #00H

RO

@RO

@RO, #3CH, EXIT TIMER
@RO, #00H

RO

@RO
@RO,#00H; EXIT TIMER
TRIG-OFF

DELAY 100MS

TRIG OFF

B BRINK

B_ALUM

LED [START

PSW

ACC

00H

LED, STOP
BBZ
ACC
00H

NOP
A;40FFH, N SHIFT1

B_SHIFT,N SHIFT2
SEG_1, #00H
SEG_2,A

FLAG, #00H

B SHIFT

SEG_1, SEG_2
SEE. 2.4

JB S_LOW, CH_MID
FLAG, #00H

/SEE

; MM
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SETB B _LOW
MOV ~ SEG_1, #0AH
MOV ~ SEG_2, #01H

L CH LOW: ACALL DISPLAY
JNB S LOW,L CH LOW
RET

CH_MID: JB S _MID,CH HI
MOV  FLAG, #00H
SETB B MID
MOV ~ SEG_1, #0AH
MOV ~ SEG_2, #02H

L CH MID: ACALL DISPLAY
JNB  S_MID,L CH_MILD
RET
CH HI: JB S.HI,EXIT CH/ HI
MOV " FLAG, #00H
SETB B HI

MOV ~~SEG—1, #0AH
MOV __SEG-2, #03H
L CH HI: ACALL DISPLAY
JNB~)“S HI+L CH HI
EXIT CH HI: RET

SEG_TO CODE: MOV \A/SEG, 1
MOV B, #0AH
MUL | AB

MOV~ COUNT, 2
ADDS”AIREE 2
MOV ...COUNT, &

RET

CODE_TO SEG: MOV A, COUNT
MOV B, #0AH
DIV AB

MOV ¢)) SEG 1, A
MOV, <SEG 2, B
RET

DELAY 100MS:MOV  R&;#64H

I DEL 100y ACALL DELEY
DJNZ R6,L DEL 100
RET

DELAY: MOV~ R7, #0E6H

L DELAY: NOP
NOP
DJNZ R7,L DELAY
RET

TABLE CODE: DB 01H,02H,03H
DB 04H, 05H, 06H
DB 07H,08H,09H
DB OFFH, OOH, OFFH

TABLE SEG: DB 3FH, 06H, 5BH, 4FH, 66H
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DB 6DH, 7DH, 07H, 7FH, 6FH
DB 73H

TABLE ROW: DB 06FH, 05FH, 03FH
TABLE COL: DB 07H, OBH, 0DH, OEH

END
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Features

Compatible with MCS-51" Products

4K Bytes of In-System Reprogrammable Flash Memory
— Endurance: 1,000 Write/Erase Cycles

Fully Static Operation: 0 Hz to 24 MHz

Three-level Program Memory Lock

128 x 8-bit Internal RAM

32 Programmable /O Lines

Two 16-bit Timer/Counters

Six Interrupt Sources

Programmable Serial Channel

Low-power Idle and Power-down Modes

Description

The AT89C51 is a low-power, high-performance CMOS 8-bit microcomputer with 4K
bytes of Flash programmable and erasable read only memory (PEROM). The device
is manufactured using Atmel's high-density nonvolatile. memory technology and is
compatible with the industry-standard MCS-51 instruction set and pinout. The on-chip
Flash allows the program memory to be reprogrammed in-system or by a conven-
tional nonvolatile memory programmer. By combining a versatile 8-bit CPU with Flash
on a monolithic chip, the Atmel AT89C51 is a powerful microcomputer which provides
a highly-flexible and cost-effective solution to many embedded control applications.

Pin Configurations hy'>
Fads | s
FLoya

fiaf]s

PQFP/TQFP

P1.50]1 MO
P q 2 , :
P02 1| POS (ADG
KST [ A6 P07 ALY PLCC
(RXDIP3OL] S 2910 EArvpp
NC 6 28| NG =
(TXODPEAT) 7 2 [ ALEPROG =
ANTO P2 L { S =
iR P L] 6 2.7 (A5 & ('8 &
(01 P3A 10 A [IP26 A A
h R
wfthS\_‘H 230 P2.5 i A/ R Taor ATOE]
P16 4 1R0.5 (ADS
m.iga PO iADG
RET (10 1 PO.7AADT
(RXDYPLOT] 11 A
NeO 12
(XDYRE 1] 13
(NTO) P32 14
{INT1) P33 C}15 VL EPLT (A5
(ro) Pra |16 20| P26 (A1)
(11) P o W2OTP25 (A1
- Fi oo 1

/

X

R)

8-bit
Microcontroller
with 4K Bytes
Flash

AT89C51

Not Recommended
for New Designs.
Use AT89S51.

Rev. 0265G-62/00
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Block Diagram

POO - PO.7 P2 - P27
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I A A 9 A '
ey v . |
| B PR STACK i
! REGISTER AL : POUMTER B ‘
! A 4 h 4 !
| } « W BUFFER . [ P i
; TP P i :
: 1
! i PC ™ \
' ALU ! INCREMENTER ;
INTERRUPT. SERIAL PORT. ‘
: AND TIMER BLOCKS ; ‘

! b 4 |
: A A ‘ PROGRAN w
; PSW ' i ! COUNTER ]
: Y | | | :
PSEN < ‘ ; [ ;
\LEPROG <1 TIMING | 2o i |
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The AT89C51 provides the following standard features: 4K
bytes of Flash, 128 bytes of RAM, 32 1/0 lines, two 16-bit
timer/counters, a five vector two-level interrupt architecture.
a full duplex serial port, on-chip oscillator and clock cir-
cuitry. In addition, the AT89C51 is designed with static logic
for operation down to zero frequency and supports two
software selectable power saving modes. The Idle Mode
stops the CPU while allowing the RAM, timer/counters,
serial port and interrupt system to continue functioning. The
Power-down Mode saves the RAM contents but freezes
the oscillator disabling all other chip functions until the next
hardware reset.

Pin Description

vCC
Supply voltage.

GND
Ground.

Port 0

Port 0 is an 8-bit open-drain bi-directional 1/0 port. As an
output port, each pin can sink eight TTL inputs. When 1s
are written to port O pins, the pins can be used as high-
impedance inputs.

Port 0 may also be configured to be the multiplexed low-
order address/data bus during accesses to external pro-
gram and data memory. In this mode P0O has internal
pullups.

Port 0 also receives the code bytes during Flash program-
ming, and outputs the code bytes during program
verification. External pullups are required during program
verification.

Port 1

Port 1 is an 8-bit bi-directional I/O port with internal pullups.
The Port 1 output buffers can sink/source four TTL inputs.
When 1s are written to Port 1 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 1 pins that are externally being pulled low will source
current (I, ) because of the internal pullups.

Port 1 also receives the low-order address bytes during
Flash programming and verification.

Port 2

Port 2 is an 8-bit bi-directional 1/O port with internal pullups.
The Port 2 output buffers can sink/source four TTL inputs.
When 1s are written to Port 2 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs.

Port 2 pins that are externally being pulled low will source
current (I, ) because of the internal pullups.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to
external data memory that use 16-bit addresses (MOVX @
DPTR). In this application, it uses strong internal pullups
when emitting 1s. During accesses to external data mem-
ory that use 8-bit addresses (MOVX @ RI), Port 2 emits the
contents of the P2 Special Function Register.

Port 2 also receives the high-order address bits and some
control signals during Flash programming and verification.

Port 3

Port 3 is an 8-bit bi-directional /O port with internal pullups.
The Port 3 output buffers can sink/source four TTL inputs.
When 1s are written to Port 3 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 3 pins that are externally being pulled low will source
current (l,.) because of the pullups.

Port 3 also serves the functions of various special features
of the AT83C51 as listed below:

Port Pin Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 INTO (external interrupt 0)

P3.3 INTT (external interrupt 1)

P3.4 TO (timer O external input)

P8% T1 (timer 1 external input)

P3.6 WR (external data memory write strobe)
P3.7 RD (external data memory read strobe)

Port 3 also receives some control signals for Flash pro-
gramming and verification.

RST

Reset input. A high on this pin for two machine cycles while
the oscillator is running resets the device.

ALE/PROG

Address Latch Enable output pulse for latching the low byte
of the address during accesses to external memory. This
pin is also the program pulse input (PROG) during Flash
programming.

In normal operation ALE is emitted at a constant rate of 1/6
the oscillator frequency, and may be used for external tim-
ing or clocking purposes. Note, however, that one ALE

AIMEL ?
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pulse is skipped during each access to external Data
Memory.

If desired. ALE operation can be disabled by setting bit 0 of
SFR location 8EH. With the bit set, ALE is active only dur-
ing a MOVX or MOVC instruction. Otherwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no
effect if the microcontroller is in external execution mode.

PSEN

Program Store Enable is the read strobe to external pro-
gram memory.

When the AT89C51 is executing code from external pro-
gram memory, PSEN is activated twice each machine
cycle, except that two PSEN activations are skipped during
each access to external data memory.

EAIVPP

External Access Enable. EA must be strapped to GND in
order to enable the device to fetch code fromexternal pro-
gram memory locations starting at 0000H up to FFFFH.
Note, however, that if lock bit 1is programmed, EA will be
internally latched on reset.

EA should be strapped to Vee forinternal program
executions.

This pin also receives the 12-volt programming enable volt-
age (Vpp) during Flash programming, for parts that require
12-volt Vpgp.

XTALA1

Input to the inverting oscillator amplifier and input to the
internal clock operating circuit.

XTAL2
Output from the inverting oscillator amplifier.

Oscillator Characteristics

XTAL1 and XTALZ2 are the input and output, respectively,
of an inverting amplifier which can be configured for use as
an on-chip oscillator, as shown in Figure 1. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an external clock source, XTALZ should be left
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unconnected while XTAL1 is driven as shown in Figure 2.
There are no requirements on the duty cycle of the external
clock signal, since the input to the internal clocking circuitry
is through a divide-by-two flip-flop, but minimum and maxi-
mum voltage high and low time specifications must be
observed.

Idle Mode

In idle mode, the CPU puts itself to sleep while all the on-
chip peripherals remain active. The mode is invoked by
software. The content of the on-chip RAM and all the spe-
cial functions registers remain unchanged during this
mode. The idle mode can be terminated by any enabled
interrupt or by a hardware reset.

It should be noted that when idle is terminated by a hard
ware reset, the device normally resumes program execu-
tion, from where it left off, up to two machine cycles before
the internal reset algorithm takes control. On-chip hardware
inhibits access to internal RAM in this event, but access to
the port pins is not inhibited. To eliminate the possibility of
an unexpected write to a port pin when Idle is terminated by
reset, the instruction following the one that invokes ldle
should not be one that writes to a port pin or to external
memory.

Figure 1. Oscillator Connections

G2
il ® XTALZ
c1 B
@} XTALA
GND

Note:' ~C1, C2 =30 pF £10 pF for Crystals

=40 pF 10 pF for Ceramic Resonators

Status of External Pins During ldle and Power-down Modes

Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
ldle Internal 1 1 Data Data Data Data
Idle External 1 1 Float Data Address Data
Power-down Internal 0 0 Data Data Data Data
Power-down External 0 0 Float Data Data Data

AT 89 C 5 oo s S Pl



Figure 2. External Clock Drive Configuration

NG e XTAL2
EXTERNAL
OSCILLATOR = XTAL1
SIGNAL
GND

Power-down Mode

In the power-down mode, the oscillator is stopped, and the
instruction that invokes power-down is the last instruction
executed. The on-chip RAM and Special Function Regis-

Lock Bit Protection Modes

ters retain their values until the power-down mode is
terminated. The only exit from power-down is a hardware
reset. Reset redefines the SFRs but does not change the
on-chip RAM. The reset should not be activated before V.
is restored to its normal operating level and must be held
active long enough to allow the oscillator to restart and
stabilize.

Program Memory Lock Bits

On the chip are three lock bits which can be left unpro-
grammed (U) or can be programmed (P) to obtain the
additional features listed in the table below.

When lock bit 1 is programmed, the logic level at the EA pin
is sampled and latched during reset. If the device is pow-
ered up without a reset, the latch initializes to a random
value, and holds that value until reset is activated. It is nec-
essary that the latched value of EA be in agreement with
the current logic level at that pin in order for the device to
function properly.

Program Lock Bits
LB1 LB2 LB3 Protection Type

1 u u u No program lock features

2 P U u MOVC instructions executed from external program memory are disabled from
fetching code bytes from internal memory, EA is sampled and latched on reset,
and further programming of the Flash is disabled

3 U Same as mode 2, also verify is disabled

4 P | P Same as mode 3, also external execution is disabled

AIMEL 5
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Programming the Flash

The AT89C51 is normally shipped with the on-chip Flash
memory array in the erased state (that is. contents = FFH)
and ready to be programmed. The programming interface
accepts either a high-voltage (12-volt) or a low-voltage
(Vcc) program enable signal. The low-voltage program-
ming mode provides a convenient way to program the
AT89C51 inside the user's system, while the high-voltage
programming mode is compatible with conventional third-
party Flash or EPROM programmers.

The AT89C51 is shipped with either the high-voltage or
low-voltage programming mode enabled. The respective
top-side marking and device signature codes are listed in
the following table.

Vpp =12V Vpp= 5V
Top-side Mark AT89C51 AT89C51

XXXX XXXX-5

yyww yyww
Signature (030H) = 1EH (030H) = 1EH

(031H) = 51H (031H) = 51H

(032H) =F FH (032H) = 05H

The AT89C51 code memory array is programmed byte-by-

byte in either programming mode. To program any non-

blank byte in the on-chip Flash Memory, the entire memory

must be erased using the Chip Erase Mode.

Programming Algorithm: Before programming the

AT89C51, the address, data and control signals should be

set up according to the Flash programming mode table and

Figure 3 and Figure 4. To program the AT89C51, take the

following steps.

1. Input the desired memory location on the address
lines.

2. Input the appropriate data byte on the data lines.

3. Activate the correct combination of control signals.

4. Raise EAVpp to 12V for the high-voltage program-
ming mode.

5. Pulse ALE/PROG once to programa byte in the
Flash array or the lock bits. The byte-write cycle is
self-timed and typically takes no more than 1.5 ms.
Repeat steps 1 through 5, changing the address

and data for the entire array or until the end of the

object file is reached.
Data Polling: The AT89C51 features Data Polling to indi-
cate the end of a write cycle. During a write cycle, an
attempted read of the last byte written will result in the com-
plement of the written datum on PO.7. Once the write cycle
has been completed, true data are valid on all outputs, and
the next cycle may begin. Data Polling may begin any time
after a write cycle has been initiated.

Ready/Busy: The progress of byte programming can also
be monitored by the RDY/BSY output signal. P3.4 is pulled
low after ALE goes high during programming to indicate
BUSY. P3.4 is pulled high again when programming is
done to indicate READY.

Program Verify: If lock bits LB1 and LB2 have not been
programmed, the programmed code data can be read back
via the address and data lines for verification. The lock bits
cannot be verified directly. Verification of the lock bits is
achieved by observing that their features are enabled.

Chip Erase: The entire Flash array is erased electrically
by using the proper combination of control signals and by
holding ALE/PROG low for 10 ms. The code array is written
with all “1"s. The chip erase operation must be executed
before the code memory can be re-programmed.

Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 030H, 031H, and 032H, except that P3.6 and
P3.7 must be pulled to a logic low. The values returned are
as follows.

(030H) = 1EH indicates manufactured by Atmel
( ) = 51H indicates 89C51
(032H) = FFH indicates 12V programming
(032H) = 05H indicates 5V programming

Programming Interface

Every code byte in the Flash array can be written and the
entire array can be erased by using the appropriate combi-
nation of control signals. The write operation cycle is self-
timed and once initiated, will automatically time itself to
completion.

All ' major programming vendors offer worldwide support for
the Atmel microcontroller series. Please contact your local
programming vendor for the appropriate software revision.

6 AT 89 C 51 o s R Riail
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Flash Programming Modes

Mode RST PSEN ALE/PROG EKIVPP P2.6 P27 P3.6 P3.7
Write Code Data H L Hi12V L H H H
TN
Read Code Data H L H H L L
Write Lock Bit- 1 H L i H/12V H H
N
Bit - 2 H L H/12V H H L 1
N A
Bit-3 H L H12v H L H L
e ——
Chip Erase H L ) HA2V H L L L.
LA T
Read Signature Byte H |- H H L L. L B

Note: 1. Chip Erase requires a 10 ms PROG pulse.

Figure 3. Programming the Flash Figure 4. Verifying the Flash
+5V/ +5V
AT89C51 > ATBYCS51 o
ADDR. - A P1 Ve i ADDR. A0 f\_7, P \% i
OOOOH/OFFFH M QOOQOH/OFFFH PGM DATA
L—» ol d #EALLH" T \ BN i l—, P20 P23 PO | mUSE 10K
A8 - AN 'y A2 - A1 ) PULLUPS)
———p{ P26 Tt P26 i
» P27 ALE |« PROG SEE FLASH p P27 ALE |a |
PROGRAMMING - w1 PROGRAMMING— ~ |
MODES TABLE 3> P3.4 MODES TABLE | ~=® P3.6 | ¢
0 s 7 L P37 "
® XTAL?Z EA |a Vil ® XTALZ EA |a !
3-24 MHz 3-24 MHz_'_

o X N0 J R RST et v o
GND PSEN

XTAL1 RST |- Vi
GND PSEN

ul]‘-OM :
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Flash Programming and Verification Waveforms - High-voltage Mode (Vpp = 12V)

P1.0 - P1.7 PROGRAMMING VERIFICATION
P20 - P2.3 s ADDRESS *~"—*j ADDRESS
ol — tway
e ] e
PORT 0 DATA IN DATA_OUT
Mlover  tonox [
bavest ) laax
ALE/PROG
L it 0 e N ton
= ER e e R e R LOGIC 1
BAN b e e —|——— FOGIGID e Ry

b —tenen Ry ‘___:l I teraz
(ENABLE) t!
ke 7T
P3.4 N
(RDY/BSY) o« = BUSY.—— S READY
Ta tWr;

Flash Programming and Verification Waveforms - Low-voltage Mode (Vpp = 5V)

P10 P1.% PROGRAMMING VERIFICATION
P2.0 - P2.3 ADDRESS . ‘j ADDRESS - ME— 1
e taay
PORT 0 DATA_IN DATA OUT
tover . tonox
(VR P teax
ALE/PROG
tspL (¢
= LOGIC 1
EA/VPP 7 /o /—/———-————-——__‘__“_,_,--_I:_Q_glc;_[) ____________________
[ Lehar
F AT A
(ENABLE)
lghee >
P34
(RDY/BSY)

8 AT89C5 e s e T Sy TPy TS ERSET
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Flash Programming and Verification Characteristics
T,=0°Ct070°C, Ve = 5.0 £10%

Symbol Parameter Min Max Units
Vel Programming Enable Voltage 115 12.5 \Y
lpp" Programming Enable Current 1.0 mA
Merer Oscillator Frequency 3 24 MHz
tia Address Setup to PROG Low 48te oL

tanax Address Hold after PROG 48te oL

toveL Data Setup to PROG Low 48te oL

teiioe Data Hold after PROG 48teicL

teiian P2.7 (ENABLE) High to Vpp 48teLal

(P Vee Setup to PROG Low 10 s
tous™ Vep Hold after PROG 10 us
teLon PROG Width 1 110 us
tavav Address to Data Valid 48tecL

tepay ENABLE Low to Data Valid 48t oL

teroz Data Float after ENABLE 0 48te oL

taaL PROG High to BUSY Low 1.0 s
twe Byte Write Cycle Time 2.0 ms

Note: 1. Only used in 12-volt programming mode.

AIMEL




Absolute Maximum Ratings*

AIMEL

Operating Temperature ..............ccccococeeveeeen. -55°C to +125°C “NOTICE:
Storage Temperature ..............c.cocccoieeeiiee.. -65°C to +150°C

Voltage on Any Pin

with Respect to Ground ..............cceeveeeeroveenennn. -1.0Vto +7.0V

Maximum Operating Voltage ... .6.6V

DC Qutput CUrtent....cwssimsmra roiimsiminmg 15.0 mA

DC Characteristics

Ta=-40°C to 85°C, Ve = 5.0V £20% (unless otherwise noted)

Stresses beyond those listed under "Absolute
Maximum Ratings” may cause permanent dam-
age to the device. This is a stress rating only and
functional operation of the device at these or any
other conditions beyond those indicated in the
operational sections of this specification is not
implied. Exposure to absolute maximum rating
conditions for extended periods may affect device
reliability.

Symbol Parameter Condition Min Max Units
Vi Input Low-voltage (Except EA) -0.6 0.2 V¢ -0.1 \
Vii Input Low-voltage (EA) -0.5 0.2 Ve - 0.3 \
Viy Input High-voltage {Except XTAL1, RST) 0.2V..+09 Veg + 0.5 \
Vit Input High-voltage (XTAL1, RST) 0.7 Ve Ve +0.5 v
V5 Output Low-voltage'" (Ports 1,2,3) lor = 1.6 mA 0.45 v
I =60 VA, Vi, 5 8V 10% 24 v
Vor «C;’Lcjfr-pt:t'lﬂzi?;ﬁsgSSEN) .Y 'Y " el LA
lgn = =10 pA 0.9 Ve \
lgy = -800UA, Ve = BV +10% 2.4 v
I =-80 1A 0.9 Vee v
I Logical O Input Current (Ports 1,2,3) Viy = 0.45V -50 uA
i I(_,(Djogr»::sag?ztg)o Transition Current Vi = 2V, VCC = 5V £10% -650 uA
Iy Input Leakage Current (Port 0, EA) 045 < Vi< Vee £10 uA
RRST Reset Pull-down Resistor 50 300 K
Ciy Pin Capacitance Test Freq. = 1. MHz, T, = 25°C 10 pF
Active Mode, 12 MHz 20 mA
Power Supply Current

e ldle Mode, 12 MHz 5 mA
Power-down Mode'?! ¥ s

40 UA

Notes: 1. Under steady state (non-transient) conditions, ., must be externally limited as follows:

Maximum | per port pin: 10 mA

Maximum |l per 8-bit port: Port 0: 26 mA

Ports 1, 2, 3: 15 mA

Maximum total I, for all output pins: 71 mA
If I, exceeds the test condition, V, may exceed the related specification. Pins are not guaranteed to sink current greater

than the listed test conditions
2. Minimum V. for Power-down is 2V.

10 AT89CH e T e T T R ]
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AC Characteristics
Under operating conditions, load capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; load capacitance for all other
outputs = 80 pF.

External Program and Data Memory Characteristics

12 MHz Oscillator 16 to 24 MHz Oscillator

Symbol Parameter Min Max Min Max Units
Merel Oscillator Frequency 0 24 MHz
tLHLL ALE Pulse Width 127 2o -40 ns
tavie Address Valid to ALE Low 43 tere-13 ns
tLiax Address Hold after ALE Low 48 : teLe-20 el ns
Ly ALE Low to Valid Instruction In 233 4t L -65 ns
e ALE Low to PSEN Low 43 tero-13 ns
- PSEN Pulse Width 205 3t 20 ns
toLiy PSEN Low to Valid Instruction In 145 BteroL-45 ns
toxix Input Instruction Hold after PSEN 0 0 ns
texiz Input Instruction Float after PSEN \ _72977 L K~ 7&&;—1(} 7 nsﬂ -
texay PSEN to Address Valid 75 toLer=8 ns
taviv Address to Valid Instruction In e 5te er-55 ns
toLnz PSEN Low to Address Float 10 10 ns
tRLRH RD Pulse Width 400 Bt o -100 ns
b WR Pulse Width 400 Bt =100 ns
teioy RD Low to Valid Data In 252 StoLe -90 ns
ttiti Data Hold after RD 0 0 ns
trupz Data Float after RD 97 2t 728 ns
tov ALE Low to Valid Data In I AN ool ~517 (A C o LN 8tCL;‘_-—1gO | ns
tavoy Address to Valid Data In 585 e er-165 ns
tLiw ALE Low to RD or WR Low 200 300 3teLe-50 3tey e +50 ns
i Address to RD or WR Low 203 M5 ns
o Data Valid to WR Transition 23 teLo-20 ns
tovwh Data Valid to WR High 433 TtoLe-120 ns
twiax | Data Hold MR Vo 2 W \E top e =20 s
triaz RD Low to Address Float 0 0 ns
tvHLH RD or WR High to ALE High 43 123 tore-20 tecl+25 ns

AIMEL
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External Program Memory Read Cycle

ALE B T
B B " lerpr
e 1
U P N ) O | i ¥ HipL,
PSEN S ¥ bk
Loy ay—
o ety [ iPxAY
t tF‘,YI? ¢
LLAX
lpxix—> e
PORT 0 e A0 - A7 YK INSTR IN S AQ - A7
« Ly >
PORT 2 A8 - A15 : A8 - A15

External Data Memory Read Cycle

e >
U Ry P . MY =
ALEY & ? o Ve
T Lhn
PSEN ;
N Yoy "
e— tp LRH —¥
e L ——>
RD i 7) U, Wty \ N A A AN
....... RN * oy e tripz
¥ triaz—-» L
v gl - brHDx
PORT 0 _ >-KAG - A7 FROM RI OR DPLUK K I DATA N -;}i 20 - A7 FROM PO INSTR N
Lol N =
< Lavov
PORT 2 P2.0 - P27 OR A8 - A5 FROM DPH e A8 - A15 FROM PCH

12 ATEICH i e S
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External Data Memory Write Cycle

L
AN
ALE
L 2!
PSEN
e Ly, ——se—lypwn —»
e et ax — —
< bay —»] Lovx e > lyox
— tovwH —
PORT 0 __, - AD - A7 FROM RI OR DPL DATA OUT X A0 = A7 FROM PCL>-<INSTR IN
< LavwL =
PORT 2 P20 - P27 OR AB.- A15 FROM DPH p A8 - A15 FROM PCH

External Clock Drive Waveforms

Vil 080 — teren = lahoL
0.7 Vae
y
0.2 Ve - 0.1V =
0.45V. S B
¥ La >
External Clock Drive

Symbol Parameter Min Max Units
ereL Oscillator Frequency 0 24 | MHz
teiol Clock Period 41.6 ns
lonox High Time 15 ns
torox Low Time 15 ns
teren Rise Time 20 ns
tene Fall Time 20 ns

13
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Serial Port Timing: Shift Register Mode Test Conditions

(Ve = 5.0 V£20%: Load Capacitance = 80 pF)

12 MHz Osc Variable Oscillator Units

Symbol Parameter Min Max Min Max

tixt Serial Port Clock Cycle Time 1.0 12t00 Hs
tavxH Output Data Setup to Clock Rising Edge 700 10te o -133 IS ns
tyiix Output Data Hold after Clock Rising Edge 50 2ty o -117 ns |
tHox Input Data Hold after Clock Rising Edge [V 0 ns
Uy Clock Rising Edge to Input Data Valid {700 10t -133 ns

Shift Register Mode Timing Waveforms
INSTRUCTION | g | o2 ] ek B e e B 5 M | 7 8 ‘
e _ g TLA NN T TIRING LT

Bk

aock NI N 1T NN

toukH
o ’xH!')z

TR 22N 4 1 ( KD G A Y & 7
4 U PR N, i ,
OUTPUT DATA [N P o seTT |
L CLEGRG G G GG
Fy

INPUT DATA SET RI |

AC Testing Input/Output Waveforms!" Float Waveforms'"

- OBVE—= L1y
i n 012 Ve + 0V N Y oAbt 1Y Vo o
TEST POINTS 3 AR Timing Reference N
\_ f ‘ Points
sy 1 AN Viod " )

Note: 1. AC Inputs during tesling are driven at V.. - 0.6V for a Note: 1. For timing purposes, a port piniis no longer floating
logic 1 and 0.45V for a logic 0. Timing measurements when a 100 mV change from load voltage occurs. A
are made at V,y min. for alogic1 and V). max. for a port pin begins to float when 100 mV change from
logic 0 the loaded V,/V o level occurs.

14 AT 8O C 5 s il
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Ordering Information

Speed Power
(MHz) Supply Ordering Code Package Operation Range
12 5V £20% AT89C51-12AC 44A Commercial
AT89C51-12JC 44J (0°Cto 70" C)
AT89C51-12PC 40P6
AT89C51-12QC 44Q
ATB9C51-12Al 44A Industrial
ATB9C51-12J1 44J (-40°C to 857 C)
AT89C51-12PI 40P6
AT89C51-12Ql 44Q
16 5V £20% AT89C51-16AC 44A Commercial
AT89C51-16JC 44J (0"Cto 70" C)
AT89C51-16PC 40P6
AT89C51-16QC 44Q
AT89C51-16AI 44A Industrial .
AT89C51-16JI 44) (-40°C to 85" C)
AT89C51-16PI 40P6
AT89CS51-16Ql 44Q
20 5V £20% AT89C51-20AC 44A Commercial
AT89C51-20JC 44J (0°C to 70 C)
AT89C51-20PC 40P6
AT89C51-20QC 44Q
AT89C51-20Al 44A Industrial
AT89C51-20JI 44J (-40°Cto 85" C)
AT89C51-20PI 40P6
AT89C51-20Ql 44Q
24 5V +20% AT89C51-24AC 44A Commercial
AT89C51-24JC 44J (0°C to 70° C)
AT89C51-24PC 40P6
AT89C51-24QC 44Q
AT89C51-24Al 44A Industrial
AT89C51-24J] 44) (-40" C to 857 C)
AT89C51-24PI 40P6
ATBICS51-24Ql 44Q
Package Type
44A 44-lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
44J 44-lead, Plastic J-leaded Chip Carrier (PLCC)
40P6 40-lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)
44Q 44-lead, Plastic Gull Wing Quad Flatpack (PQFP)

AIMEL
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ATmEL

Packaging Information

44A, 44-lead, Thin (1.0 mm) Plastic Gull Wing Quad 44J, 44-lead, Plastic J-leaded Chip Carrier (PLCC)
Flatpack (TQFP) Dimensions in Inches and (Millimeters)
Dimensions in Millimeters and (Inches)* JEDEC STANDARD MS-018 AC

JEDEC STANDARD 148-026 ACB

PIN1ID — [nad

080,011 BSC

]

120000473 144X

Controlling dimension: millimeters

40P6, 40-lead, 0.600" Wide. Plastic Dual Inline 44Q, 44-lead. Plastic Quad Flat Package (PQFP)
Package (PDIP) Dimensions in Millimeters and (Inches)”
Dimensions in Inches and (Millimeters) JEDEC STANDARD MS-022 AB

BIN 110

080 Q031 BHC

—] b 08082 20

MAX

-H-< ')U’i\.'ﬁ&
) Ay

SEATING
PLANE

245 {0.0Uky MAX

Controlling dimension: millimeters

16 AT8SCH | mommmmmmmmms s S T ST
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SEMICONDUCTOR ™

CD4049UBC - CD4050BC
Hex Inverting Buffer ¢
Hex Non-Inverting Buffer

General Description

The CD4049UBC and CDY s hex hufiers are mono-
lithic complementary MOS (CMOS) integrated circuits con-
structed  with N- and  P-channel enhancement mode
transistors. The: feature fogic level conversion
using only one supply voltage (Vppj. The input signal
level (Vi) can exceed the Vpp supply voltage when th
es are used for logic level conversions. These
es are intended for use as hex buffers, CMOS to DTL/
TTL converters, or as CMOS current drive nd at Vpp =
5.0V. they can drive directly two DTL/TTL loads over the
full operating temperature range.

October 1987

Revised January 1998

Features
| Wide supply voltage range: 3.0V o 15V
ct drive to 2 TTL loads at 5.0V over full temperature

MW High source and sink current capability
| Special input protection permits input veltag
than Vgg

greater

Applications

+ CMOS hex inverter/buffer

CMOS to DTL/TTL hex converter

CMOS current “sink” or "source” driver
CMOS HIGH-to-LOW logic lavel converter

Ordering Code:

Order Number | Package Number Package Description
CD4049UBCM M1BA 16-Lead Small Outline Integrated Circuit (SOIC), JEDEG MS-012. 0.150" Narraw
CD4G49UBCN N16E 16-Lead ic Dual-In-Line Package (PDIP}, JEDEC MS-001,
CD4050BCM M1GA 16-Lead Small Outline Integrated Circuit (SOIC) JEDEC ME-012, 0.150" Narrow
CD4050BCN N16E 16-Lead Plastic Dual-In-Line Package (FDIP), JEDEC #45-001, 0.20¢" Wide

ps also avaitabis in Tape and Reel. Spacifv Ly

Connection Diagrams

\ppending the sulfix elter X7 o dhe sidering cote

Pin Assignments for DIP

CD4049UBC
NC LiF 3 Ne K=E

E n
|vs ||5, 14 [u lu ]u ]w 'a

CD4050BC
LI N £ NG K-E £ 3

—=
@

15 Iu " ]n |xz 1 Im

S
3

NN, ¥ L RN

ll ]1 & Il !5 § lv Ia

Vgp G=A A H=F ) =T Vsg Vpp  G°A A H*b 8 i=c € Vsg
Top View Top View
1999 Fairehild Semicondueton Coomaticn B3 T]pri o fairchnldsemi conn

loyng BuasAul-uoN xaH » Jeyng Buisaul xaH 98050¥AD + 99N6YOYAD
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Schematic Diagrams

CD4049UBC
1 of 6 Identical Units

INPUT
BV =130V

ouTPUT
CD4050BC
1 of 6 Identical Units

..gﬂ‘-l—‘ﬁrs‘

v

=)

D

TT_.._
A

ouTPUT
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Absolute Maximum Ratingsote 1)
(Note 2)
-0.5V to -18V
-0.5V to ~18V
05V to Vp + 0.5V
-65-C to +150°C

Supply Voltage (Vpp)

Input Voltage (V)

Voltage at Any Output Pin (V)
Storage Temperature Range (Tg)
Power Dissipation (Pp)

Recommended Operating
Conditions (Note 2)

Supply Voltage (Vpp) 3V to 15V

Input Voltage (Vi) 0V to 15V
Voltage at Any Output Pin (V) 0to Vpp
Operating Temperature Range (T4)

CD4049UBC, CD4050BC -40'Cto+85C

Dual-In-Line 700 mW  Note 1: “Absolute Maximum Ralings” are those values bayond which the
smal Outine s iy Rt et o el
Lead Temperature (TL:’ mendad Operating Conditions " provides
< conditions for actual <
{Soldering, 10 seconds} 260°C Note 2: V¢ z = 0V unless otherwise specified
DC Electrical Characteristics ot 3)
-40°C -25"C +85 C
Symbol Parameter Conditions . - Units
Min | Max | Min Typ | Max [ Min [ Max
Ibo Quiescent Device Current Voo - § 4 0.03 4.0 30 uA
Vgn = 10V 8 005 | 8.0 60 uA
Vpp - 15V 16 007 | 16.0 120 uA
VoL LOW Level Output Voltage Vin=Vpp. Vi =0V,
[Iehe 1 1A
V=5V 0:05 o | ows 0.05 v
Vo =10V 0.05 [ 0.05 0.05 v
Vpp - 15V 0.05 0 0.05 0.05 v
Vor HIGH Level Outpul Voltage Vig = Vi, Vi =0V,
flol < 1uA
Vg = 3V 4.95 4.95 5 4.95 v
V=10V 9.95 90l 10 9.95 v
Vo= 18V 1495 14.85 { ~15 14.95 v
Vi LOW Level Input Voltage {lgh= 1A
(CD4050BC Only) Vo =8V, Vg = 0.5V 6 Al 1.5 1.9 2
Voo=10¥ Ve = 1V 3.0 4.5 3.0 3.0 4
Vpp =15V, Vi - 1.5V 4.0 675 | 4.0 4.0 v
VL LOW Level Input Voltage: o] < 1A
(CD4049UBC Only) 5V, Vg =45V 1.0 ey 1.0 1.0 v
OV, Viy = OV 2.0 o 2.0 2] v
Vpp =AY, Vg =13.6Y 5.0 35 | 30 3.0 v
Vin HIGH Level Input Voltage Hof< 1 uA
(CD4050BC Cnly) Vpg =8V Yy = 4.5V 35 QAN 275 38 v
Vo =10V 5 = 9V 7.0 7.0 § 7.0 v
Vpp - 16V V5 - 13.5V 190 1.0 1 825 1.0 v
Viy HIGH Level Input Voltage Mol 1A
(CD40489UBC Only) Vi = 5Y. Vg = 0.5V 4.0 4.0 3.5 4.0 v
Vpp=10V. Viy =1V 8.0 8.0 7.5 8.0 v
Mpo S VAT =dsY 12.0 120 | 115 12.0 v
loy LOW Level Output Curient Vi = Viop Vi =0V
(Note 4) Voo 25V, Ve 0.4V 46 4.0 5 3.2 mA
Vg =10V, Vg, = 0.5V 9.8 8.5 12 5.3 mA
Vg~ 15V. Vg - 1.5V 29 25 40 20 mA
low HIGH Level Qutput Gurrent Vi=Vop. Vil = OV
(Note 4) Vg = 5V, Ve, = 4.6V -1.0 -0.9 | -1.6 -0.72 mA
Vpp - 10V V- 9.5V =21 -19 -3.6 -1.5 mA
Voo = 15WVg=13.5V =71 6.2 | -12 -5 mA
™ Input Current Vg = 15V, Vi = OV -0.3 -0.3 [ -107 1.0 uA
Vi = 15V, V= 15V 0.3 0.3 1678 1.0 uA
Note 3: = OV unless otherwise spoc

v fairehildsemi.conm
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DC Electrical Characteristics (continued

Note 4: These are peak cutput current capabilities. Continuous ut current is tated at 12 mA maximum. The cutput current should not be allowed o
axcead this value for extended periods of time. L and leg are < one: output atatime

AC Electrical Characteristics (note 5)

CD4049UBC
Tp=25°C, C =50 pF. R = 200K, , = t; = 20 ns. unless otherwise specified
Symbol Parameter Conditions Min Typ Max Units

tonL Propagation Delay Time Vpp =5V 30 (& ns
HIGH-to-LOW Level Vpp = 10V 20 40 ns
Vpp = 15v 15 30 ns
logy Propagation Delay Time Vo =5V 45 85 ns
LOW-t0-HIGH Level Vpp = 10V 25 45 ns
Vop - 15Y 20 35 ns
(57 Transition Time Voo =5V 30 50 ns
HIGH-10-LOW Level Voo 10V 20 40 ns
Vg =15V 15 30 ns
lyiy Transilion Time Vpp - 5V 89 120 ns
LOW-to-HIGH Leval Vpp =10V 30 55 ns
Vpp = 16V 2 45 ns
Ciy Input Capacitance Any Ingut 15 22.5 pF

Note 5: AC Parameters are: guarantecd by DC correlated testing

AC Electrical Characteristics. note )
CD4050BC
T4 =25C, C_=560pF R = 200K, t =tr= 20 ns, unless otherwise specified

Symbol Parameter Conditions Min Typ Max Units

[ Propagation Delay Time Vipp = 5V 60 110 fis
HIGH-lo-LOW Level Vpp =10V 25 55 ns

Ve = 15V 20 30 ns

lo Propagalion Delay Time Vop= 5V 50 120 ns
LOW-to-HIGH Level Vpp =10V 30 55 ns

Vipp 18V 25 45 s

(3% Transition Time Vo =5V 30 60 ns
HIGH-10-LOW Leve| Vpg = 10V 20 40 ns

Vpp =15V 15 30 ns

trin Transition Time Vpp + 5Y 50 120 ns
LOW-to-HIGH Level V= 10V 30 4 s

Voo =16V 25 4 ns

Ciny Input Capacitance Any Input & L5 F

Note 6: AC Parameters are quarantecd by DC correlated Losting,

www farehildsemi.com 4
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Switching Time Waveforms

i tf
VoD
VIN Z .
ov — 0%« 10%
=1 tPHL
Voo 90%
Vout 50%
CD4043UB s
o 2
1 =1
v —  |=—tpLH
v L 0%
ouT 50%
040508 T
o
tTLH

Typical Applications

CMOS to TLL or CMOS at a Lower Vpp

V. L

Vop

Vpp

L Vee TIL
—— Von1 eMoS OR

3 CMOS
GND \/N GND

CD40508C

-_{: \_[Icumaauac

Voo = Voo:

In the zase of the CDI049UBC the outpul drive capability increases with incraasing input voltage
E.q. 1tV =10V the CD404SUBC conld diive 4 111 leads

|

7

wwwfarrchildsemicom
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Physical Dimensions inches (milimeters) unless otherwise noted

0.386-0.394
{9.804 1000

% 15 14 13 12 11§

A

>

0.228 0,244 30
(5,791 -6.198) TYP
v BOOO0O0TT
LEAD NO.Y PO AL L
IDENT
0.150-0.157
—| |~
Bai0-asm |
0.053-0.069
{1:346-1.753) 0.00¢ - 0.01¢
| 8° MAX TYP { 10,102 - 0.254)
! ALL LEADS
; . L l
- ELhi HH ¥ seamg
' ‘f- T f 1 ? PLANE
0.008-0.010 1014 0.050 0.014 ~0.020
————— U6 0.U50 103561 - e Rl blatmalldif ) o
{0.203 0.254) e ©.3s6) - e Ey | i {0,356 - 0.508)
1YP ALL LEADS {0Am 1 210 ve
.00 TYP ALL LEADS ->Ii-4 JUAIL g
10102 10.203) VIBAIRCY M)

ALLLEAD TIPS

16-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150" Narrow
Package Number M16A

www, trchtldsemi.com 0
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

X 0.740-0.780 &
‘ (1880-1981) (g'ggg)
[ig] [15] [r2] (i3] (2] [11] [icl;[d] ! INDEX
RZA
0.250%0.010
) * {6.350£0.254)
PIN NO. 1 PIN NO. 1
pent . [T 2T T AT ST 6] 2T T8 IDENT
OPTION 01 OPTION 02 0.065
0.130%0.005
S.13020.005 0.060 4° TYF 0.300 - 0.320 (1.851)
j  B30zem) ~ [ ™ ™ ormiona j {7.620-5.128) I'_ '
0.145 = 0.200 | |
(.683-5080) § v i
I j 95°ts°
||l | soot4e v e a0 g%g) ™
(0 ) MIN A 0280 ] 2
0.125=0.150 0.030+0.015
(3.175-3.810) P = (0.76220.381)
0.014-0023 || 0.100£0,010 (0,325 70040
(0-35$;P°-534) 0.050£0.010 (2'54%*'30-254) ——=018 NIGE (REV F
{1.270%0.254) (8.255 ‘;10%'8?)
TP

16-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300” Wide
Package Number N16E

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or systems 2. A critical component in-any component of a life support

which, (a) are intended for surgical implant into the device or system whose failure to perform can be rea-
hody, or (b) support or sustain life. and {c) whose failure sonably expected to cause the failure of the life support
to perform when properly used in accordance with device ar system. or to affect its safety or effectiveness
instructions for use provided in the labeling, can be rea-

sonably expected to result in a significant injury to the www.fairchildsemi.com

user.
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International
TR Rectifier

Data Sheet No. PD60147-S

IR2110/IR2113(S)

HIGH AND LOW SIDE DRIVER

Features

@ Floating channel designed for bootstrap operation
Fully operational to +500V or +600V
Tolerant to negative transient voltage
dv/dtimmune
® Gate drive supply range from 10 to 20V
e Undervoltage lockout for both channels
® 3.3V logic compatible
Separate logic supply range from 3.3V to 20V
Logic and power ground £V offset
® CMOS Schmitt-triggered inputs with pull-down
@ Cycle by cycle edge-triggered shutdown logic
e Matched propagation delay for both channels
® Qutputs in phase with inputs

Description

The IR2110/IR2113 are high voltage, high speed power
MOSFET and IGBT drivers with independent high and
low side referenced output channels. Proprietary HVIC
and latch immune CMOS technologies enable rugge-
dized monolithic construction. Logic inputs are com-
patible with standard CMOS or LSTTL output, down to
3.3V logic. The output drivers feature a high pulse cur-

Product Summary

VorrseT (IR2110) 500V max.
(IR2113) 600V max.
lo+/- 2A 1 2A
Vout 10 - 20V
ton/off (typ.) 120 & 94 ns
Delay Matching (IR2110) 10 ns max|
(IR2113) 20ns max.
Packages
l
14-Lead PDIP 16-Lead SOIC

IR2110/IR2113 IR2110S/IR2113S

rent buffer stage designed for minimum driver cross-conduction. Propagation delays are matched to simplify use
in high frequency applications. The floating channel can be used to drive an N-channel power MOSFET or IGBT
in the high side configuration which operates up to 500 or 600 volts.

Typical Connection

w6l

N SNIER Q5B
VDD I VDD VS 1"
) /I\

up to 500V or 600V

HINo HIN vy — 1
SDe SD S\ & JLOA
LINo LIN Vi =

Vg o Ve  COM |—= Er

Vee — LO

(Refer to Lead Assignments for correct pin configuration). This/These diagram(s) show electrical
connections only. Please refer to our Application Notes and DesignTips for proper circuit board layout

www.irf.com
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IR2110/IR2113 (S)

Absolute Maximum Ratings

International
ISR Rectifier

Absolute maximum ratings indicate sustained limits beyond which damage to the device may occur. All voltage param-
eters are absolute voltages referenced to COM. The thermal resistance and power dissipation ratings are measured
under board mounted and still air conditions. Additional information is shown in Figures 28 through 35.

Symbol Definition Min. Max. Units
Ve High side floating supply voltage (IR2110) -0.3 525
(IR2113) -0.3 625
Vg High side floating supply offset voltage Vg - 25 Vg +0.3
VHo High side floating output voltage Vg-0.3 Vg +0.3
Vee Low side fixed supply voltage -0.3 25 o
Vio Low side output voltage -0.3 Vee +0.3
Vpp Logic supply voltage -0.3 Vss + 25
Vss Logic supply offset voltage Vee =25 Voo + 0.3
ViN Logic input voltage (HIN, LIN & SD) Vss - 0.3 Vop + 0.3
dVg/dt Allowable offset supply voltage transient (figure 2) — 50 Vins
Pp Package power dissipation @ Ta < +25°C (14 lead DIP) — 1.6 b
(16 lead SOIC) - k| ’S)
RTHJA Thermal resistance, junction to ambient (14 lead DIP) — 5 o
(16 lead SOIC) & 100 ey
Ty Junction temperature — 150
Ts Storage temperature -55 150 C
T Lead temperature (soldering, 10 seconds) - 300

Recommended Operating Conditions

The input/output logic timing diagram is shown in figure 1. For proper operation the device should be used within the
recommended conditions. The VS and Vss offset ratings are tested with all supplies biased at 15V differential. Typical

ratings at other bias conditions are shown in figures 36 and 37.

Symbol Definition Min. Max. Units

VB High side floating supply absolute voitage Vg+ 10 Vg + 20

Vg High side floating supply offset voltage (IR2110) Note 1 500

(IR2113) Note 1 600

VHo High side floating output voltage Vg Vg
Vece Low side fixed supply voltage 10 20 Vv
Vio Low side output voltage 0 Vce
Vop Logic supply voltage Vgg + 3 Vgg +20

Vss Logic supply offset voltage -5 (Note 2) 5

VIN Logic input voltage (HIN, LIN & SD) Vss Voo

Ta Ambient temperature -40 125 {0

Note 1: Logic operational for Vg of -4 to +500V. Logic state held for Vg of -4V to -Vgg. (Please refer to the Design Tip

DT97-3 for more details).

Note 2: When Vpp < 5V. the minimum Vgg offset is limited to -Vpp

2
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Dynamic Electrical Characteristics

Vgias (Vee. Vas. Vpp) = 15V, CL = 1000 pF, Ta = 25°C and Vgs = COM unless otherwise specified. The dynamic
electrical characteristics are measured using the test circuit shown in Figure 3.

IR2110/IR2113 (S)

Symbol Definition Figure | Min. | Typ. |Max.| Units |Test Conditions

ton Turn-on propagation delay 7 — 120 | 150 Vg =0V
toff Turn-off propagation delay 8 — 94 125 Vg = 500V/600V
tsd Shutdown propagation delay 9 — 110 | 140 - Vg = 500V/600V
ty Turn-on rise time 10 — 25 35
tf Turn-off fall time 11 — 17 25
MT Delay matching, HS & LS (IR2110) — - — 10

turn-on/off (IR2113) — —_ — 20

Static Electrical Characteristics
Veias (Vee. Ves, Vpp) = 16V. Ta = 25"C and Vgs = COM unless otherwise specified. The Vin. VTH and |y parameters
are referenced to Vs and are applicable to all three logic input leads: HIN, LIN and SD. The Vo and lg parameters are
referenced to COM and are applicable to the respective output leads: HO or LO.

Symbol Definition Figure |Min. | Typ. Max.| Units |Test Conditions
VIH Logic "1"input valtage 12 9.5 — —
ViL Logic "0" input voltage 13 — — 6.0
Valh High level output voltage, Viias - Vo 14 A (W | g v lo = 0A
VoL Low level output voitage, Vo 15 — — 0.1 lp = 0A
Lk Offset supply leakage current 16 — — 50 Vg=Vg = 500V/600V
logs Quiescent Vgg supply current 17 - 125 [} 230, ViN=0V or Vpp
laocc Quiescent Ve supply current 18 — 180 | 340 JA ViN =0V or Vpp
lapp Quiescent Vpp supply current 19 — 15 30 Vin =0V or Vpp
IIN+ Logic “1" input bias current 20 — 20 40 Vin-= Vop
lin- Logic “0" input bias current 21 — — 1.0 ViN = 0V
VBsuv+ Vgs supply undervoltage positive going 22 115; 8.6 Q.7
threshold
VBsuv- Vgs supply undervoltage negative going 23 7.0 8.2 9.4
threshold
Vccuv+ | Vee supply undervoltage positive going 24 7.4 8.5 9.6
threshold \%
Veouv- Ve supply undervoltage negative going 25 7.0 8.2 9.4
threshold
lo+ Output high short circuit pulsed current 26 2.0 .5 — Vo =0V, ViN=VDp
PW < 10 us
lo- Output low short circuit pulsed current 27 2.0 25! — 4 Vo =15V, ViN = OV
PW < 10 ps

www.irf.com
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IR2110/IR2113 (S) International

IOR Rectifier
Functional Block Diagram
______ i > %Vb
uv |
DETECT| B .G I
EvEL 4 PULSE R I HO
' Voo |
LEVEL
suer | PULSE —““‘E V.
GEN | |
' |
' %
r I
I
Von Ve, |
LEVEL LO
SHIFT _I I
DELAY :
COM
I
I
Lead Definitions
Symbol| Description
VpDp Logic supply
HIN Logic input for high side gate driver output (HO), in phase
SD Logic input for shutdown
LIN Logic input for low side gate driver output (LO), in phase
Vss Logic ground
Vg High side floating supply
HO High side gate drive output
s High side floating supply return
Vce Low side supply
LO Low side gate drive output
COM Low side return
Lead Assignments
14 Lead PDIP 16 Lead SOIC (Wide Body)
1IR2110/IR2113 IR2110S/IR2113S
Part Number

: www.irf.com



110

Infernational IR2110/IR2113 (S)

ISR Rectifier

Case Outlines

i /
i NIRRT oS : :
I 1. DIMFNSONING & TOIFRANCING PFR ANSI Y14.5M—-1987.
e ] e O i O i, o g s L e v 2. CCNTROLLNG BIMENSION: INCH.
%14 711 (280 3. DIVENSIONS ARE SHOWN N M LLIVETERS [ NCHZS .
6.10 [.2¢0 4. QUTLINE CCNTORMS TG JEDEC OUTLINZ MS-0C"AC.
. @ MCASURCD WITH THC _CADS CONSTRANCD TO GBC
1 8- PERFEND CULAR 10 DAIUM PLANE C.
(S o N e e ) = Y o A R ‘ @ DIMENSION DOZS NOT INCLUDE VOLD PROTUSIONS. MOLD

77 [.070° | P PRCIUSIONS SHALL NOT EXCEED 0.2 010}

0.39 .01 N i
i \s33210]
t =0 MAX o =
206 (160 e U S ;
2.93 [ 115 | i g L
167 500 o
I b - 8 [A]|—— ~ 0.381 [.015]
0,558 [.072 e tax
251 (100}~] L R POMI 0.204 [.008]
7 A S5 (00 B EOAO
01-6010
14-Lead PDIP 01-3002 03 (MS-001AC;
. 10.5074133] | 7
10.10 [L39//] NOTS:
(6) 1. DIVENSICNAG & TC.ZRANCING PER-ANSI Y1£.5K-1982
0 0R BRA A3 2. CONTROLLING DMENSION: ' MILLIME ER.
NJ T e S DIMENSIONS ARE SHOWN 1N MILLIVE 12RS [ NCHES].
7.60 [.2992] 10.65 (.419] 4. OUTLINE CONFORMS TO JEDEC OUTLINE MS- C13AA.
7-‘0] [2974] - 20 ofo.00 ]394 [5] OWENSICN 15 THE LENGTH OF LEAD FOR SOLCERING T0
|-B- ®[0.25 [010)@[CEM A SUBSTRATE.
E ¢ . | @17 [TY@Ic @) DIVENSION DOES NOT INCLUDE MOLD. "ROTUSIONS. MOLD
| L W PROTUSIONS SKALL \OT EXCEED €5 006
i 0 0T EST 61 & i
i &
0535 (.025] kot o {8]‘31 X1
e 0.30 [[0118] o g J
- (.10 [.0040] o e’
e ez o R
[P el T#:hljj L7—J k&:}-_ s
" 27 [.050] |—-‘ £, i\ gy 1274[.050]
0.49 [.0192] - ;o
7 —— 16X €.20.[.016]
14X 0.35.[.0138] &) 16X
©[0.25 01 @[CeOHME)]
i 016015
16-Lead SOIC (wide body) 01-3014 03 (MS-013A4)

WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245 Tel: (310) 252-7105
http:/lwww.irf.com/ Data and specifications subject to change without notice. 3/25/2003
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PD -91884

SMPS MOSFET IRFP450A

HEXFET® Power MOSFET

International
TGR Rectifier

Applications
o Switch Mode Power Supply (SMPS) Vbss | Rds(on) max o
o Uninterruptable Power Supply 500V 0.400Q 14A

e High speed power switching

Benefits

e Low Gate Charge Qg results in Simple
Drive Requirement

e Improved Gate, Avalanche and Dynamic
dv/dt Ruggedness

e Fully Characterized Capacitance and
Avalanche Voltage and Current Ny GDS

e Effective Coss Specified ( See AN 1001)

Absolute Maximum Ratings

Parameter Max. Units
Ip@ Tg =25°C Continuous Drain Current, Vgs @ 10V 14
Ip @ Te =100°C|  Continuous Drain Current, Vgs @ 10V 8.7 A
Ippt Pulsed Drain Current 56
Pp @Tg = 25°C Power Dissipation 190 W
Linear Derating Factor 15 W/<C
Vas Gate-to-Source Voltage + 30 vV
dv/dt Peak Diode Recovery dv/dt @ 4.1 Vins
Ty Operating Junction and -55 to + 150
Ts1e Storage Temperature Range T
Soldering Temperature, for 10 seconds 300 (1.6mm from case )
Mounting torge, 6-32 orM3 screw 10 Ibfein (1. 1N-m)

Typical SMPS Topologies:

e Two Transistor Forward
e Half Bridge, Full Bridge
e PFC Boost

Notes @ through & are on page 8

www.irf.com 1
6/23/99
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IRFP450A Infernationa

Static @ T, = 25°C (unless otherwise specified) IR Reclilier
Parameter Min.| Typ.| Max. | Units Conditions
ViBRIDSS Drain-to-Source Breakdown Voltage 500 [ — | — Vv Vas =0V, Ip = 250pA
WVepripes/AT)[ Breakdown Voltage Temp. Coefficient| — | 0.58| — | V/°C| Reference to 25°C, Ip = 1mA®
Ros(on) Static Drain-to-Source On-Resistance] — | — [ 040 | Q | Vgs =10V, Ip =8.4A &
Vasith) Gate Threshold Voltage 20 | — | 4.0 \' Vps = Vas. Ip = 250pA
5 = q=
Ioss Drain-to-Source Leakage Current T : 22;0 HA zgz i Zgg\\; \\;ié _ %\\// T,=125°C
loss Gate-to-Source Forward Leakage — | — | 100 BA Vgs =30V
Gate-to-Source Reverse Leakage — | —[-100 Vas = -30V
Dynamic @ T, = 25°C (unless otherwise specified)
Parameter Min.| Typ.| Max. |Units Conditions
Ufs Forward Transconductance 78 | — | — S Vps =50V, Ip = 8.4A
Qq Total Gate Charge — | — | 64 Ip = 14A
Qqs Gate-to-Source Charge — | —| 16 nC | Vps =400V
Qi Gate-to-Drain ("Miller") Charge - | — | 26 Vigs =10V, See Fig. 6 and 13 &
tdion) Turn-On Delay Time (.l 15/ A= Vpp =250V
tr Rise Time 1) /367, oA ot D = 14A
Lot Turn-Off Delay Time — | 35 | — Rg=6.2Q
fr Fall Time — | 29 | — Rp = 170Q.8ee Fig. 10 @
Giss Input Capacitance —| | 2038}, — Vg =0V
Cuss Output-Capacitance A | \SDT Vps = 25V
Crss Reverse Transfer Capacitance — | 10} — | pF | f=1.0MHz. See Fig. 5
Coss Output Capacitance — | 2859 — Vgs = 0V, Vps=1.0V, f=1.0MHz
Coss Output Capacitance — | 81 | — Vas = 0V, Vpg =400V, f=1.0MHz
Coss eff. Effective Output Capacitance — | 96 | — Vgs =0V, Vps = 0V to 400V &
Avalanche Characteristics
Parameter Typ. Max. Units
Eas Single Pulse Avalanche Energy@® —_ 760 mJ
lar Avalanche Current) —— 14 A
Ear Repetitive Avalanche Energy —_— 19 mJ
Thermal Resistance
Parameter Typ. Max. Units
Rasc Junction-to-Case e 0.65
Rucs Case-to-Sink, Flat, Greased Surface 0.24 — °CIW
Rasa Junction-to-Ambient 40
Diode Characteristics
Parameter Min. | Typ.| Max. | Units Conditions
s Continuous Source Current ' AN A ™ MOSFET symbol g
(Body Diode) A showing the
Isn Pulsed Source Current integral reverse
(Body Diode) (I e o p-n junction diode.
Vsp Diode Forward Voltage — | —| 1.4 \Y Ty=25°C.ls=14A, Vgs =0V @
ter Reverse Recovery Time — | 487 ( 731 ns | Ty=25°C. Ig = 14A
Qr Reverse RecoveryCharge — [ 39| 58 UC | dirdt = 100A/us @
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Lg+Lg)

2 www.irf.com




113

Infernationa IRFP450A

ISR Rectifier

14 Ro
12 \\
™ > D.UT.

g 10 \ —N/
. T [a]0]
5 N
Ele N 1T 10v
C)' \\ Pulse Width = | ps
i~ a Duty Factor < 0.1 4
g o \ T
0 \ =
0T \\ Fig 10a. Switching Time Test Circuit

: \ T s

90%

0
25 50 75 100 125 150

| E
\
[
Tg . Case Temperature (“C) ‘

I
I
10% :
1
: ; " Vog—! |
Fig 9. Maximum Drain Current Vs. 3 ok .

Case Temperature

Fig 10b. Switching Time Waveforms

1 il L B W I I
3 { i TN
[
I D =0:50 ]
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= B B
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@ =0.1']
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O Y e o g 9
-

o 001 1 SINGLE PULSE PDu
@ (THERMAL RESPONSE)
£ 001 === i
= |
5 1 4]
b= T to
}_ |

Notes:

T 7 — 1. DulyfaclorD= A4/l
2.Peek Ty=P pm x Zihsc + Te
0.001
0.00001 0.0001 0.001 0.01 0.1 1

t1, Rectangular Pulse Duration (sec)

Fig 11. Maximum Effective Transient Thermal Impedance, Junction-to-Case
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IRFP450A International

ISR Rectil er

1600
Ip
\ TOP 6.3A
\ 8.9A
L \ BOTTOM  14A
e 1200
Kjp.u.T . \\
—. Vpp \
IAS
YD‘O 1Q

PR
N\

Eag - Single Pulse Avalanche Energy (mJ)
[ee]
L]
o

Fig 12a. Unclamped Inductive Test Circuit DN \\
[ Vierioss 400 \
f— \\
U
£
Vi 0
\ 25 50 75 100 125 150
/ | Starting T) , Junction Temperature( "C)
%
Ias
Fig 12c. Maximum Avalanche Energy
Vs. Drain Current
640 T
i
: %
AN
X
©
>
2 6o v
Charge —— 53 i rd
Fig 13a. Basic Gate Charge Waveform § /]
Current Requlator — ; 580
o /1 Z
Y @ /
> 56 7
P o, §e
TVos
D.UN. L
3 541
2 4 5 8 10 12 14
I, - Avalanche Current (A)
e Fig 12d. Typical Drain-to-Source Voltage
Fig 13b. Gate Charge Test Circuit Vs. Avalanche Current
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Infernational IRFP450A

ISR Rectifier

Peak Diode Recovery dv/dt Test Circuit

—< Circuit Layout Considerations
D.U.T -
— o Low Stray Inductance
a)  Ground Plane
= « Low Leakage Inductance
Current Transformer
—-
+
i

e

[0) I il
A
Rg «_dv/dt contralled by Rg 1=
« Driver same type as D.U.T. - Voo
« lsp controlled by Duty Factor "D"
e D.U.T. - Device Under Test
@ Driver Gate Drive Py
- 't £k .
P o = Period
f
Vgg=10V *
()() ]
@ D.U.T. lg Waveform
Reverse —“s
Recavery | Bady Diode Forward
Current = T Current o
i

®fo.u Vpg Waveform

Diode Recovery
/ dvfdt \
Re-Applied f— /" ___()
Voltage Body Diode

@ Inductor Curent

Forward Drop

Ripple = 5% SD

* Vg = 5V for Logic Level Devices

Fig 14. For N-Channel HEXFETS
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lRFP45OA Internationa
TR Rectifier
Package Outline

TO-247AC Outline
Dimensions are shown in millimeters (inches)

[s @

3 DIMENSION  INCH
CJECEC OUTLING

14.80 (.583)
14.20 (.559)

Part Marking Information

TO-247AC
EXAMPLE b o @
PART KEMBER
IKFRE 5 /
I~ ISR
AT G362
Y DATE SODE
L YYWW
‘ VY IYERR
{ W WEEK
Notes:
@ Repetitive rating; pulse width limited by @ Pulse width < 300ps; duty cycle < 2%.
max. junction temperature. ( See fig. 11)
@ Starting T, = 25°C, [ =7.8mH & Coss eff. is ‘a flxed‘caPQCIta|1ce that gives the same charging time
R = 2501, Ixg = 14A. (See Figure 12) as Cyss While Vps is rising from 0 to 80% Vpss
3 Igp < 14A, difdt < 130Alps, Vpp < ViBR)Dss:
T,£150°C

Intfernational
IR Rectifier

WORLD HEADQUARTERS: 233 Kansas St.. El Segundo, California 90245, Tel: (310) 322 3331

IR GREAT BRITAIN: Hurst Green, Oxted. Surrey RH8 9BB, UK Tel: ++ 44 1883 732020

IR CANADA: 15 Lincoln Court. Brampton, Ontario L86T3Z2, Tel: (905) 453 2200

IR GERMANY: Saalburgstrasse 157, 61350 Bad Homburg Tel: ++ 49 6172 96590

IRITALY: Via Liguria 49, 10071 Borgaro, Torino Tel: ++ 39 11 451 0111

IR FAR EAST: K&H Bldg., 2F, 30-4 Nishi-lkebukuro 3-Chome, Toshima-Ku, Tokyo Japan 171 Tel: 81 3 3983 0086
IR SOUTHEAST ASIA: 1 Kim Seng Promenade, Great World City West Tower, 13-11. Singapore 237994 Tel: ++ 65 838 4630
IR TAIWAN:16 FI. Suite D. 207, Sec. 2. Tun Haw South Road, Taipei, 10673, Taiwan Tel: 886-2-2377-9936
http://www.irf.com/ Data and specifications subject to change without notice. 6/99
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TL494
SMPS Controller

Features Description

+ Internal regulator provides a stable 3V reference supply The T1.494 is used for the control circuit ot the PWM
trmmed 1o 3% switching regulator. The TL494 consists of SV reference

« Uncommitted output TR for 200mA sink or source voltage circuit, two error amplifiers, flip flop. an output con-
current trol cireuit, a PWM comparator, a dead time comparator and

« Output control for push-pull or single-ended operation an oscillator. This deviee can be operated in the switching

« Variable duty cyele by dead time control (pin 4) Complete frequency of 1 KHz ta 300 Kz,

PWM control cigenit
On-chip oscillator with master or slave operation
Internal circuit prohibits double pulse at-either output 16-DIP

Internal Block Diagram

OUTPUT CONTROL

<1
OSCILLATCR . o j‘.
Al gy,
| | @

r
o 9 |

PyM O .
comp i 12) Vec

BAND GAP REFERENCE [~ @ Vier

Rev. 5.0

©2000 Fairchild Semiconducter International
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Absolute Maximum Ratings

Parameter Symbol Value Unit
Supply Voltage Vce 42 vV
Collector Supply Voltage e 42 Vv
Output Current lo 250 mA
Amplifier Input Voltage VIN Vee + 0.3 \
Power Dissipation (TA = 25°C) PD OT9(-(|—#€334?C[)\JE))) W
Operating Temperature Range TOPR 0 ~+70 o]
Storage Temperature Range TSTG -65 ~ + 150 ©
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TL494
Electrical Characteristics
(Vee =20V, £= 10K11z, Ta = 0°C to 1 70°C, unless otherwise specified)

Parameter I Symbol Conditions l Min. ] Typ. | Max. I Unit
REFERENCE SECTION
Reference Output Voltage VREF IREF = 1TmA 475 | 50 | 825 \
Line Regulation AVREF Vce =7V to 40V - 2.0 25 mV
Temperature Coefficient of VREF AVREF/AT | TA=0°C to 70°C - 0.01 | 0.03 | %/°C
Load Regulation AVREF IREF = 1mA to 10mA - 1.0 15 mV
Short-Circuit Output Curmet Isc VREF = 0V 10 35 50 mA
OSCILLATOR SECTION
Oscillation Frequency f Ct=0.01puF. RT = 12KQ - 10 - KHz
Frequency Change with Temperature|  AfIAT C1=0.01uF, RT = 12KQ - - 2 %
DEAD TIME CONTROL SECTION
Input Bias Current IBIAS Vce = 15V, 0VeV4<5.25V - -20 | -10 LA
Maximum Duty Cycle D(MAX) \écg ;i:iv\'/;/é: o 45 s E Yo
Input Threshold Voltage VITH Zero Duty Cycle - 3.0 3.3 Y

Max. Duty Cycle 0 - -

ERROR AMP SECTION
Input Offset Voltage Vio V3 =25V - 2.0 10 mV
Input Offset Current o V3 =25V - 25 250 | mA
Input Bias Current IBIAS V3 = 2.5V = 0.2 1.0 LA
Common Mode Input Voltage VCM 7V £Vce < 40V -0.3 - Vce V
Open-Loop Voltage Gain Gvo 0.5V < V3 £3 .5V 70 96 - dB
Unit-Gain Bandwidth BW - - 650 - KHz
PWM COMPARATOR SECTION
Input Threshold Voltage VITH Zero Duty Cycle - - 45 \
Input Sink Currnet ISINK V3=0.7V -0.3 | -0.7 - mV
OUTPUT SECTION
82%}‘;@%‘@“ el VCGE(SAT) | VE= 0, 1c = 200mA EAEY K
Common Collector Vee(sat | Ve =15V, g = -200mA - 1.5 2.5 b
Collector Off-State Currnet IC(OFF) Vcc =40V, VCE = 40V - 2 100
Emitter Off-State Current IE(OFF). | Ve = VG = 40V, VE = 0 . f 00| "
TOTAL DEVICE
Supply Current lco Pin 6 = VReF, Voo =15V | - 6 | 10 ] mA
OUTPUT SWITCHING CHARACTERISTIC
Rise Time tR 2 " = “ s
Common Emitter = - - 100 | 200
Common Collector - - - 100 | 200 ol
Fall Time tF - 2 4 - B
Common Emitter - - - 25 100
Common Collector - - - 40 100 =
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TL494

Typical Application

Pulse Width Modulated Step-down Converter

Vo=5V
KSA1010 o
Vi=10V to 40V /'\ o 1mfN,’ﬂ,m\_ lo=1A
oy——— _Q ) »-—T-O
470
AMA
Wy
E'son 1
—onFE 1Mo
2 +
504F &F
v
b
12 il =) b AL 1r
Vee c2 c1 COMP INPUT 9
VREF 14
b
Foikn !
-5
5.1KQ
+1 E—
|
Zson |
DT GND E1 E2 Q¢ 4 Ry Cr
4 7 9 10 13 8 5 .
] | ‘[ f
j | i
| T2 5004F
Zﬁ ool | 10v
s0v +
47K 0.0014F
|
o
' GND.
. ! o
1 :Eo.v
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TL494

Mechanical Dimensions

Package

16-DIP
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TL494

Mechanical Dimensions (continued)

Package
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o CLEANING
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