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Abstract

The project describes about a design and construction of lighting energy saver for fluorescent
lamp. We used microcontroller MCS-51 controlled two switches for chopping the line voltage (220V
50Hz) at 2 kHz. We can adjust duty ratio of chopping frequency to reduce the average voltage and power
that applied to fluorescent lamp and we have voltage input detector. We can save cost for electrical energy

at 36 percent.
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Features

» Compatible with MCS®-51 Products
» 4K Bytes of In-System Programmable (ISP) Flash Memory
| — Endurance: 1000 Write/Erase Cycles
4.0V to 5.5V Operating Range
Fully Static Operation: 0 Hz to 33 MHz
Three-level Program Memory Lock
128 x 8-bit Internal RAM
32 Programmable /O Lines
wo 16-bit Timer/Counters
ix Interrupt Sources
ull Duplex UART Serial Channel
ow-power ldle and Power-down Modes
nterrupt Recovery from Power-down Mode
Watchdog Timer
ual Data Pointer
ower-off Flag
ast Programming Time
lexible ISP Programming (Byte and Page Mode)

Description

The AT89S51 is a low-power, high-performance CMOS 8-bit microcontroller with 4K
byites of In-System Programmable Flash memory. The device is manufactured using
Atmel’s high-density nonvolatile memory technology and is compatible with the indus-

grammer. By combining a versatile 8-bit CPU with In-System Programmable Flash on
onolithic chip, the Atmel AT89S51 is a powerful microcontroller which provides a
hly-flexible and cost-effective solution to many embedded control applications.

THe AT89S51 provides the following standard features: 4K bytes of Flash, 128 bytes of
M, 32 I/O lines, Watchdog timer, two data pointers, two 16-bit timer/counters, a five-
velctor two-level interrupt architecture, a full duplex serial port, on-chip oscillator, and
clock circuitry. In addition, the AT89S51 is designed with static logic for operation
dawn to zero frequency and supports two software selectable power saving modes.
The Idie 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 con-
tents but freezes the oscillator, disabling all other chip functions until the next external
interrupt or hardware reset.

ATMEL

Y )

8-bit
Microcontroller
with 4K Bytes
In-System
Programmable
Flash

AT89S51
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_ Pin Configurations

2

PDIP
Ny
Pi.oC]1 403vee
P1.102 39 [1P0.0 (ADO)
P120]3 3811 P0.1 (AD1)
Pt.304 37 P0.2 (AD2)
P140]5 36 (1P0.3 (AD3)
(MOSI))P1.50]6 35 P0.4 (AD4)
(MISO) P1.6T]7 34 1P0.5 (AD5)
(SCKyP17 8 33 [0 P0.6 (AD6)
RST9 32[1P0.7 (AD7)
(RXD) P30 ] 10 31 3 EANVPP
(TXD) P3.1 ] 11 30 [0 ALE/PROG
(INTO) P3.21] 12 29 [1PSEN
(INT1) P33 13 28 [ P2.7 (A15)
(TO) P34 ] 14 27 O P26 (A14)
(T)P35L]15 26 [1 P25 (A13)
(WR) P3.6T] 16 25 [1P2.4 (A12)
(RD) P3.7 ] 17 24 [0 P2.3 (A11)
XTAL2 ] 18 23 [0 P2.2 (A10)
XTAL1] 19 22 [1P2.1 (A9)
GND ] 20 21 [1P2.0 (A8)
TQFP
85838
L2
TN O Q9w Na
Tasaazsecer
noonoOoOannnn
/32959835883
(MOSI)P1.5C11 33[1P0.4 (AD4)
(MISO)P1.6 42 32[3P0.5 (AD5)
(SCK)P1.704 3 31 [0 P0.6 (AD6)
RSTC]4 301 P0.7 (AD7)
(RXD) P3.0C]5 291 EA/VPP
NC[]6 28[ANC
(TXD)P3.107 27 [1 ALE/PROG
(INTO) P3.20 8 26 [1PSEN
(INT1)P3.3[] 9 25[1P2.7 (A15)
(TO)P3.4] 10 24 [1P2.6 (A14)
(T1)P3.50] 11 23[1P2.5(A13)
yezoe-22g3 9
L O
@~y QoS NMY
P88 ¢d
Z o X X 3o °Tw
gk $23gs
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(MOS!) P1.50] 7 o) $EET Shns (AD4)
(MISO)P1.6]8 38 (1 P0.5 (ADS5)
(sckyP1.79 371 P0.6 (AD6)
RSTO] 10 361 P0.7 (AD7)
(RXD) P3.0 ] 11 35 [ EAVPP
NCO 12 34[ONC
(TXD)P3.1] 13 33 [1 ALE/PROG
(INTO) P3.2 ] 14 321 PSEN
(INT1) P3.3 0] 15 31[0P2.7 (a15)
(TO)P3.40] 16 301 P2.6 (A14)
TOP3SOT, 0 6 o v 10 © ~ o231 P25(A13)
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PDIP
N
RST 1 427 P1.7 (SCK)
(RXD)P3.0 7} 2 410 P1.6 (MISO)
(TXD)P3.1 13 40 [1 P1.5 (MOSI)
(iNTO)P3.2 4 390 P14
(INT1)P3.305 38P1.3
(TO)P3.4 |6 370P12
(T)P357 38P11
(WR)P36 8 35[P1.0
(RD)P3.7 9 34[1VDD .
XTAL2 ] 10 33 0 PWRVDD
XTAL1 11 32 [1P0.0 (ADD)
GND {12 31[3JP0.1 (AD1)
PWRGND {13 30 [0 P0.2 (AD2)
(A8)P2.0] 14 291 P0.3 (AD3)
(A9)P2.1 715 28 [1 P0.4 (AD4)
(A10)P2.2 116 27 [ P0.5 (AD5)
(A1) P23 117 26 [1 P0.6 (AD6)
(A12)P2.4 | 18 251 P0.7 (AD7)
(A13)P2.5 19 24 [1 EANVPP
(A14)P2.6 120 23 [J ALE/PROG
(A15)P2.7 21 221 PSEN
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AT89S51

Block Diagram

P0O.0 - P0.7 P20 - P27
Vee | YYVVVYVYY ;
PORT 0 DRIVERS PORT 2 DRIVERS :
GND ! y A y A '
' '
= RAM ADDR. PORT 0 PORT 2 ;
! REGISTER [—P] RAM LATCH LATCH FLASH :
‘ x y Y
i 1 1
| H A N E
! : 4 A y |
Y A :
, PROGRAM i
. B STACK < |
; ADDRESS !
5 REGISTER ACC POINTER REGISTER !
: :
A 4
: <—P»| BUFFER [P !
‘ T™MP2 T™MP1 ‘
E o <~ PC d » :
' ALU INCREMENTER v !
INTERRUPT, SERIAL PORT,
: AND TIMER BLOCKS :
! Y :
; 4 PROGRAM o
: PSW COUNTER >
E 7 5
PSEN <—— :
ALE/PROG €—— TIMING  [INsTRUCTION | A Y \ o DuALDPTR |« ;
EA | Vo, —+®»| CONTROL | RECISTER 3 A y :
i\ RST ——» ;
: A X A A '
! : L WATCH PORT 3 PORT 1 ISP PROGRAM
: DOG LATCH LATCH PorT [€®  “Loaic !
i yy 2 -
; :
: :
: osc A 4 v \ 4 |
: PORT 3 DRIVERS  |¢— PORT 1 DRIVERS ;
= S 2 |

P3.0 - P37 P1.0 - P1.7

ATMEL ;

24q7B—MICRO—1 2/03



Pin Description
VCC

GND

vDD

PWRVDD

y

PWRGND

Port 0

Port 1

Port 2

ATMEL

=
(&

Supply voltage (all packages except 42-PDIP).

Ground (all packages except 42-PDIP; for 42-PDIP GND connects only the logic core and the
embedded program memory).

Supply voltage for the 42-PDIP which connects only the logic core and the embedded program
memory.

Supply voltage for the 42-PDIP which connects only the I/O Pad Drivers. The application
board MUST connect both VDD and PWRVDD to the board supply voltage.

Ground for the 42-PDIP which connects only the 1/O Pad Drivers. PWRGND and GND are
weakly connected through the common silicon substrate, but not through any metal link. The
application board MUST connect both GND and PWRGND to the board ground.

Port 0 is an 8-bit open drain bi-directional I/O 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 Q.can also be configured to be the multiplexed low-order address/data bus during
accesses to external program and data memory. In this mode, PO has internal pull-ups.

Port 0 also receives the code bytes during Flash programming and outputs the code bytes
during program verification. External pull-ups are required during program verification.

Port 1 is an 8-bit bi-directional 1/O port with internal pull-ups. 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 pull-ups and can be used as inputs. As inputs, Port 1 pins that are externally being
pulted low will source current (I, ) because of the intemal pull-ups.

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

Port Pin Alternate Functions

P1.5 MOSI (used for In-System Programming)
P1.6 MISO (used for In-Syste_m Programming)
P1.7 SCK (used for In-System Programming)

Port 2 is an 8-bit bi-directional 1/0 port with internal pull-ups. 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 pull-ups 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 pull-ups.

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, Port 2 uses strong internal pull-ups when emitting 1s. During accesses to external
data memory that use 8-bit addresses (MOVX @ RI), Port 2 emits the contents of the P2 Spe-
cial Function Register.

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

4;‘ AT 8'0'S /51 00—
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RST

"ALE/PROG

EA/VPP

. XTAL1

24

TAL2
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Port 3

Port 3 is an 8-bit bi-directional 1/O port with internal pull-ups. 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 pull-ups and can be used as inputs. As inputs, Port 3 pins that are externally being
pulled low will source current (I, ) because of the pull-ups.

Port 3 receives some control signals for Flash programming and verification.

Port 3 also serves the functions of various special features of the AT89S51, as shown in the
following table.

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)

P3.5 T1 (timer 1 external input)

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

Reset input. A high on this pin for two machine cycles while the oscillator is running resets
the device. This pin drives High for 98 oscillator periods after the Watchdog times out. The
DISRTO bit in SFR AUXR (address 8EH) can be used to disable this feature. In the default
state of bit DISRTO, the RESET HIGH out feature is enabled.

Address Latch Enable (ALE) is an 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 timing or clocking purposes. Note, however, that one ALE 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 during 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.

Program Store Enable (PSEN) is the read strobe to external program memory.

When the AT89S51 is executing code from external program memory, PSEN is activated
twice each machine cycle, except that two PSEN activations are skipped during each access
to external data memory.

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

EA should be strapped to V¢ for internal program executions.

This pin also receives the 12-volt programming enable voltage (Vpp) during Flash
programming.

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

Output from the inverting oscillator ampilifier

ATMEL ;
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. Special
Function
_ Registers

A map of the on-chip memory area called the Special Function Register (SFR) space is shown
in Table 1.

Note that not all of the addresses are occupied, and unoccupied addresses may not be imple-
mented on the chip. Read accesses to these addresses will in general return random data,
and write accesses will have an indeterminate effect.

Téble 1. AT89S51 SFR Map and Reset Values

- OF8H OFFH
|
} B F7l
- OFOH 1 50000000 OF7H
i OE8H OEFH
ACC
0EOH | ohoaooo 0ETH
0D8H ODFH
PSW
ODOH | 44000000 0D7H
0C8H 0CFH
. | ocoH 0C7H
0B8H P OBFH
XX000000
P3
OBOH | 11111111 0B7H
0ABH IE OAFH
0X000000
P2 AUXR1 WDTRST
OAOH | 11111111 XXXXXXX0 XXXXXXXX OA7H
SCON SBUF
9BH 1 60000000 | XXXXXXXX 9FH
P1
90H | 41111111 97H
| een | _TCON TMOD TLO TL1 THO TH1 AUXR -
i 00000000 | 00000000 00000000 00000000 | 00000000 | 00000000 | XXXOOXXO
| - PO sp DPOL DPOH DPIL DP1H PCON | .
11111111 | 00000111 00000000 00000000 | 00000000 | 00000000 0XXX0000

6
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‘Serial Programming Characteristics

Figure 9. Serial Programming Timing

MOSI

X X

X

lovsH [«

< »{tsHox

Y

SCK \_/gk_/_\
tsHsL

tsisH

MISO

X X

tsiiv

Table 9. Serial Programming Characteristics, T, =-40°C to 85°C, V¢ = 4.0 - 5.5V (Unless Otherwise Noted)

AT89S51

2487B-MICRO-12/03

Symbol Parameter Min Typ Max Units
Merel Oscillator Frequency 3 33 MHz
teLcL Oscillator Period 30 ns
tsHsL SCK Pulse Width High 8tecL ns
tsLsH SCK Pulse Width Low 8tciaL ns
tovsH MOSI Setup to SCK High toel ns
tsHox MOSI Hold after SCK High 2tcicL ns
tsiv SCK Low to MISO Valid 10 16 32 ns
terasE Chip Erase Instruction Cycle Time 500 ms
tswe Serial Byte Write Cycle Time 64t o + 400 us
_ ‘Im L 19
(G}




Absolute Maximum Ratings*

ATMEL

Operating Temperature.............cooovvvreervrnnnene -55°C

Storage Temperature ..........ccoceevevrrnecencnnne, -65°C

|

Yoltage on Any Pin

I:th Respect to Ground............c.cevevvceinenennne -1.0V to +7.0V
Maximum Operating Voltage ..., 6.6V
l

PC OULPUL CUITENE.vervrrerereriecteesseeeniesiesseensessenessenes 15.0 mA

to +125°C *NOTICE:

to +150°C

q‘c Characteristics

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.

Tﬁ\e values shown in this table are valid for T, = -40°C to 85°C and V. = 4.0V to 5.5V, unless otherwise noted.

Symbol | Parameter Condition Min Max Units
L Input Low Voltage (Except EA) 0.5 0.2 V0.1 \Y
L Input Low Voltage (EA) -0.5 0.2 V0.3 \%
H Input High Voltage (Except XTAL1, RST) 0.2 V+0.9 Vect0.5 \Y
1 Input High Voltage (XTAL1, RST) 0.7 Vee Veet0.5 \
oL Output Low Voltage!" (Ports 1,2,3) | I, = 1.6 mA ’ 0.45 v

Output Low Voltage™ 0.45 \%
oL (Port O, ALE, PSEN) o =3.2 mA
- loy =-60 pA, Vge =5V £10% 24 \
Output High Voltage _
You (Ports 1,2,3, ALE, PSEN) lon =-25 pA 0.75 Veo v
d loy =-10 pA 0.9 Ve \
lon =-800 pA, Vee =5V £10% 2.4 \
Output High Voltage _
Von (Port O in External Bus Mode) lon = -300 uA 0.75 Vee v
'OH = ‘80 'JA 0.9 VCC V

li Logical O Input Current (Ports 1,2,3) | Vy=0.45V -50 HA

| Logical 1 to0 Transition Current -650 HA
e (Ports 1,2,3) ViN =2V, Vge =5V £10%

I Input Leakage Current (Port 0, EA) | 0.45 <V, <V +10 HA

RRST Reset Pulldown Resistor 50 . 300 KQ

Co Pin Capacitance Test Freq. = 1 MHz, T, = 25°C 10 pF

Active Mode, 12 MHz 25 mA

Power Supply Current
lec ldle Mode, 12 MHz 6.5 mA
Power-down Mode® Vee = 5.5V 50 HA

Maximum 1, per port pin: 10 mA
Maximum lg, per 8-bit port:

Port 0: 26 mA Ports 1,2, 3: t5mA
‘Maximum total I, for all output pins: 71

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

mA

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

If 1o exceeds the test condition, Vo may exceed the related specification. Pins are not guaranteed to sink current greater

20 AT89S51 mese—————————————S——
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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
OLljtputs = 80 pF.

ﬁxternal Program and Data Memory Characteristics

’ 12 MHz Oscillator Variable Oscillator
$ymbol Parameter Min Max Min Max Units
_j/tCI_CL Oscillator Frequency 0 33 MHz
_E;_HL,_ ALE Pulse Width 127 2te 40 ns
_t_LVL,_ Address Valid to ALE Low 43 toLo-25 ns
fiax Address Hold After ALE Low 48 terc25 ns
_t,_uv ALE Low to Valid Instruction In 233 4t 065 ns
tpL ALE Low to PSEN Low 43 terc-25 ns
thy py PSEN Pulse Width 205 3tg o -45 ns
to v PSEN Low to Valid Instruction In 145 3tg o -60 ns
thyix Input Instruction Hold After PSEN 0 0 ns
by Input Instruction Float After PSEN 59 teLcL25 ns
thyay PSEN to Address Valid 75 teol-8 ns
T thow Address to Valid Instruction In 312 Btey 80 ns
th Az PSEN Low to Address Float 10 10 ns
ty i RD Pulse Width 400 Btc . ~100 ns
tliwh WR Pulse Width 400 Bt o -100 ns
tik oy RD Low to Valid Data In 252 5te 1 -90 ns
thuox Data Hold After RD 0 0 ns
ternz Data Float After RD 97 2te o -28 ns
Y ov ALE Low to Valid Data In 517 8te o -150 ns
tavov Address to Valid Data In 585 Otc o -165 ns
B wL ALE Low to RD or WR Low 200 300 3t -50 3t o 50 ns
thwwi Address to RD or WR Low 203 At o -75 ns
| thvwx Data Valid to WR Transition 23 terc-30 ns
| tovwn Data Valid to WR High 433 Tto o -130 ns
| Hox Data Hold After WR 33 teLc-25 ns
| Yeaz RD Low to Address Float 0 0 ns
| Yy RD or WR High to ALE High 43 123 toLcL-25 teLclt25 ns
21

2487B~MICRO-12/03

ATMEL




PD-91621C

Infernational

TSGR Rectifier IRG4PH40UD

INSULATED GATE BIPOLAR TRANSISTOR WITH UltraFast CoPack IGBT

ULTRAFAST SOFT RECOVERY DIODE
Features C

s UltraFast: :Optimized for high operating
frequencies up to 40 kHz in hard switching,
>200 kHz in resonant mode

» New IGBT design provides tighter
parameter distribution and higher efficiency than
previous generations

» IGBT co-packaged with HEXFRED™™ ultrafast,
ultra-soft-recovery anti-parallel diodes for use in n-channel
bridge configurations

- Industry standard TO-247AC package

P~ Vces = 1200V
I\ VCE(on) typ. = 2.43V

E @VGE =15V, IC =21A

Benefits
« Higher switching frequency capability than
competitive IGBTs
» Highest efficiency available
+ HEXFRED diodes optimized for performance with
IGBT's . Minimized recovery characteristics require
less/no snubbing

TO-247AC
Absolute Maximum Ratings
Parameter Max. Units

Vces Collector-to-Emitter Breakdown Voltage 1200 \%
lc @ Tc=25°C Continuous Collector Current 41

lc @ Tc =100°C | Continuous Collector Current 21

lem Pulsed Collector Current ® 82

v Clamped Inductive Load Current @ 82 A
Ir @ Tg=100°C Diode Continuous Forward Current 8.0

IFnm Diode Maximum Forward Current 130

Vee Gate-to-Emitter Voltage +20 v
Po @ Tc=25°C Maximum Power Dissipation 160

Po @ Tc =100°C | Maximum Power Dissipation 65 w
Ty Operating Junction and -55 to + 150

Tste Storage Temperature Range °c

Soldering Temperature, for 10 seconds 300 (0.063 in. (1.6mm) from case )
Mounting torque, 6-32 or M3 screw. 10 Ibfsin (1.1N-m)
Thermal Resistance
Parameter Min. Typ. Max. Units

RaJc " | Junction-to-Case - IGBT —_— — 0.77

Rguc Junction-to-Case - Diode —_— — 1.7 °C/W
Rocs Case-to-Sink, flat, greased surface —_— 0.24 —_—

RaJa Junction-to-Ambient, typical socket mount —_ e 40

Wt Weight — 6 (0.21) — g (02)
www.irf.com 1

1/24/06



International

IRG4PH40UD IR Rectifier
Electrical Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. | Max.| Units Conditions
ViBr)CES Collector-to-Emitter Breakdown Voltage® 1200 — | — \ Vee = 0V, Ig = 250uA
AVigryces/AT,| Temperature Coeff. of Breakdown Voltage w 043 =~ | VI°C | Vge =0V, [c=1.0mA
VcE(on) Collector-to-Emitter Saturation Voltage — 1243| 3.1 ic=21A Vee = 15V
— 1297 — Vv lc=41A See Fig. 2,5
—_— | 247 — lc=21A,T,;=150°C
VGE(th) Gate Threshold Voltage 30 — | 6.0 Vee = VgE, Ic = 250pA
AVeEn)/AT ;| Temperature Coeff. of Threshold Voltage — | 11| — [mVI’C} Vce = VaE, Ic = 250pA
dfe Forward Transconductance ® 16 24 [ — S Vee =100V, Ic = 21A
Ices Zero Gate Voltage Collector Current — | — | 250 | pA | Vge =0V, Vce = 1200V
— | — | 5000 Vee = 0V, Vee = 1200V, Ty = 150°C
VEm Diode Forward Voltage Drop — | 26| 33 \ lc = 8.0A See Fig. 13
— | 24| 31 Ilc=8.0A,Ty=125°C
lces Gate-to-Emitter Leakage Current — | — |#100| nA | Vgg =20V
Switching Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. | Max. | Units Conditions
Qq Total Gate Charge (turn-on) — | 86 | 130 Ic=21A
Qge Gate - Emitter Charge (turn-on) — [ 13 ] 20 nC | Vcc = 400V See Fig. 8
Qgc Gate - Collector Charge (turn-on) — | 29| 44 Vge = 15V
taon) Turn-On Delay Time — | 46 | —._ Ty =25°C
tr Rise Time — | 35| — ns | lc=21A, Vgc = 800V
| tagorn Turn-Off Delay Time — | 97 ] 150 Vee = 15V, Rg = 10Q
te Fall Time — 1240} 360 Energy losses include "tail" and
Eon Turn-On Switching Loss — |[1.80] — diode reverse recovery.
Eotf Turn-Off Switching Loss — 11.93] — mJ | See Fig. 9, 10, 18
Ets Total Switching Loss — [3.73] 4.6
td(on) Turn-On Delay Time —_ | 42 | — Ty=150°C, See Fig. 11,18
ty Rise Time — [ 32 — ns | lc=21A, Vgc = 800V
td(otn Turn-Off Delay Time — [ 240 — Vee = 15V, Rg = 10Q
te Fall Time — [510] — Energy losses include "tail" and
Ets Total Switching Loss — [7.04| — mJ | diode reverse recovery.
Lg Internal Emitter Inductance — | 13| — nH | Measured 5mm from package
Cies Input Capacitance — |1800| — Vee = 0V
Coes Qutput Capacitance — | 120 — pF | Vec =30V See Fig. 7
Cres Reverse Transfer Capacitance — | 18 | — f =1.0MHz
ter Diode Reverse Recovery Time — | 63 | 85 ns | Ty=25°C See Fig.
— | 106 | 160 Ty=125°C 14 Ir = 8.0A
lir Diode Peak Reverse Recovery Current | — | 4.5 | 8.0 A Ty=25°C See Fig.
— 1 62 11 Ty=125°C 15 Vg = 200V
Q;r Diode Reverse Recovery Charge — |{140| 380 nC | Ty=25°C See Fig.
— 1335 880 Ty=125°C 16 di/dt = 200A/ps|
difrecym/dt Diode Peak Rate of Fall of Recovery — (133 — | Alys| Ty=25°C See Fig.
During ty, — | 85| — Ty=125°C 17

2

www.irf.com



International
TSGR Rectifier

IRG4PH40UD

® | [ [ []
For both:
\\5\ Duty cycle: 50%
20 — Ty = 125°C
—~ \ Tsink = 90°C
< Gate drive as specified
- Power Dissipation= 35W
E 15 AN
o Square wave: \
o 60% of rated \
) e
0O voltage \
10—
0 K
o 4 . N
S .
5 id . .
_l" Ideal diodes \\
—
< \\\__
o I ji ]
01 1 10 100
f, Frequency (KHz)
Fig. 1 - Typical Load Current vs. Frequency
(Load Current = Ixys of fundamental)
100 ; 100
y 4
— 7 7
< / A/ _
z / 7 < i
5 Y4 = 7
E [0} ////
Q 5
= S }—T=150°c // /
g Ty = 150°C 2 /
W 10 yars £ /
1 y 4 I} 10 7
) 7 L 7
T y 4 fe] II y 4
5 H R A ST
8 b=
= Ty=25°C E
- ' o /
O -
= ' Vge = 15V oy
20ps PULSE WIDTH Vce = 50V
1 1 10 . 5us PULSE WIDTH
5 6 7 8 9 10

Ve, Collector-to-Emitter Voltage (V)

Fig. 2 - Typical Output Characteristics
www.irf.com

Ve, Gate-to-Emitter Voltage (V)

Fig. 3 - Typical Transfer Characteristics
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IRG4PH40UD TI&R Rectifier

50

o
o

VGE = 15V RERA
< 80 us PULSE WIDTH lc= 42A
g F-; ,—--—-‘__——
(] = =
5 3 anl
O N 5 3.0 p =
a 30 p k= “ =
1%] = IC" 21A
2 L =
o []
o L L ;
O 20 < 5 e A Ic=10.5A
v 2 N 9 20
3 N ©
£ AN o
— 10 -
g N g
= >
o 1.0
25 50 75 100 125 150 60 -40 -20 0 20 40 60 80 100 120 140 160
T, Case Temperature (° C) T, , Junction Temperature (°C)
Fig. 4 - Maximum Collector Current vs. Case Fig. 5 - Typical Collector-to-Emitter Voltage
Temperature vs. Junction Temperature
1 i i1 1
T 111
_—
D D=05 -
Q —
£ _—/
N T
LT
g L _.0.20, //,:’_,.
5 L g P
8— 0.1 01 —
Q t ,7/ > U
o | . PbM
| 0.0 A
E | Pl t1.|
§  |_oa—t A t—-t ]
= /Qmu A LA SINGLE PULSE 2
| (THERMAL RESPONSE) Notss:
/ 1. Dutyfactor D= t1/t2
2.Peak Ty=PpM X Ztnic +TC
0.01
0.00001 0.0001 0.001 001 0.1 1

t1, Rectangular Pulse Duration (sec)

Fig. 6 - Maximum Effective Transient Thermal Impedance, Junction-to-Case
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TSR Rectifier
4000 Vae =0V, f=1MHz
Cies =Cge +Cge, Coe SHORTED
“res = Yge
Coes = Cce + Cyc
3000
2Nl
3 N
5 A\ Cies..
= 2000 o
8 . \
& N
(6] S
© 1000 \‘ [Coes
NG| | IT\\
'C
IS

Total Switching Losses {mJ)

5.0

4.5

4.0

3.5

3.0

10

Vg, Collector-to-Emitter Voltage (V)

Fig. 7 - Typical Capacitance vs.
Collector-to-Emitter Voltage

100

Ve = 800V
VGE = 15\!
Ty =25 C
IC =21A
//
//,
'l/
0 10 20 30 40 50
Rg , Gate Resistance (Q)

Fig. 9 - Typical Switching Losses vs. Gate
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Resistance

Vge, Gate-to-Emitter Voltage (V)

100

Total Switching Losses (mJ)
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IRG4PH40UD

20 oo = 400V

lc =21A
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40
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80 100

Qg Total Gate Charge (nC)

Fig. 8 - Typical Gate Charge vs.
Gate-to-Emitter Voltage

HG =10Q
VG =15V
Vce =800V
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Iic= 2tA1]
!
e sl R |
T F K
- lc=10.5AT
— = A -
/’/
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———",’
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Ty, Junction Temperature ( °C )

Fig. 10 - Typical Switching Losses vs.
Junction Temperature



IRG4PH40UD

16

RG =10Q I /
Ty =150°C y
Vce =800V
= Vge =15V /
E 12 f
o /
a y
(/1]
o
8 Vv
2 8
£ /
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3 //
g 4 va
o
’—
0
0 10 20 30 40 50

I ¢, Collector-to-emitter Current (A)

Fig. 11 - Typical Switching Losses vs.
Collector-to-Emitter Current

1000

Ic, Collector-to-Emitter Current (A)
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International

TGR Rectifier

Vor = 20V
T, =125°C

i

|

I

i
| sAFE OPERATING AREA
1 10 100 1000 10000

VcE, Collector-to-Emitter Voltage (V)

Fig. 12 - Turn-Off SOA

100

4
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T, = 150°C

/"TJ =125°C

Instantaneous Forward Current - I (A)

1

[/
0 2 4 6 8 10

Forward Voltage Drop - Vi (V)

Fig. 13 - Maximum Forward Voltage Drop vs. Instantaneous Forward Current
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TSR Rectifier
200 I N I
V= 200V
T)=125°C=== k-
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Fig. 14 - Typical Reverse Recovery vs. dig/dt
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Fig. 16 - Typical Stored Charge vs. digdt
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IRG4PH40UD
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Fig. 15 - Typical Recovery Current vs. dig/dt
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IRG4PH40UD TGR Rectifier

\ 90% Vge
Same type +Vge
device as
D.UT.
1 L ! .
80% = T 430F . o ve i 90% lIc
of Vee ¢ i ile
ZENDUT. \ i
; i 5% Ic
~ \ / i /
td(off)—m  je— i —e
t1+5u8
_~ Eoff= Vce lc dt
Fig. 18a - Test Circuit for Measurement of 1
ILM: Eon: Eoff(diode)- trr, er: Irr, td(un)x tr, td(ot‘f)a t -
1 t2

Fig. 18b - Test Waveforms for Circuit of Fig. 18a, Defining
Eott, ta(om, t

[ trr
GATE VOLTAGED.U.T. trr Qr =f|c dt
[ 1 tx

10% +Vg +Vg y / /(
>~

‘x 0,
............... 10% Vce 10% lrr

............ Vce
‘ DUT VOLTAGE
Vce AND CURRENT Vpk 1
/ Iry ====m=m=es "y ‘/\I;_
10% Ic
Voo \ \90% te Ipk

' \ i ! } DIODE RECOVERY
: WAVEFORMS
: 5% Vee—""" |

td(on) r i 12
Eon=/Vce lc dt ' 14
i t1 ' Erec = [ Vd Ic dt

....... t3
“ 't DIODE REVERSE
i RECOVERY ENERGY
i c 2 N
13 7

Fig. 18d - Test Waveforms for Circuit of Fig. 18a,

Fig. 18c - Test Waveforms for Circuit of Fig. 18a, ;
Defining Erec, tr, Qur, Ier

Defining Eon, ta(on) tr
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IRG4PH40UD

Vg GATE SIGNAL
DEVICE UNDER TEST

CURRENT D.U.T.

VOLTAGE IND.U.T.

CURRENT IN D1

Figure 18e. Macro Waveforms for Figure 18a's Test Gircuit

6000yF
100V

50V =

Figure 19. Clamped Inductive Load Test Circuit

www.irf.com

800V

Ri=7X1. @25°C

¢ - 800V
g

Figure 20. Pulsed Collector Current
Test Circuit
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IRG4PH40UD IOR Rectifier

Notes:

@ Repetitive rating: Vge=20V; pulse width limited by maximumjunction temperature
(figure 20)

@ Vce=80%(Vces), Vae=20V, L=10pH, Rg=102 (figure 19)

® Puise width <80ys; duty factor<0.1%.

@® Puisewidth 5.0ys, single shot.

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

NOTES:
DIMENSIONING AND TOLERANCING PER ASME Y14.5M 1994,

OIMENSIONS ARE SHOWN IN INCHES [MILLIMETERS]
CONTOUR OF SLOT OPTIONAL.

DIMENSION D & E DO NOT INCLUDE MOLD FLASH. MOLD FLASH SHALL NOT EXCEED .005" (0.127)
PER SIDE. THESE OIMENSIONS ARE MEASURED AT THE OUTERMOST EXTREMES OF THE PLASTIC BODY.

1
2.
VAN
AN
A THERMAL PAD CONTOUR OPTIONAL WITHIN DINENISONS Df & €1.
AN
N

LEAD FINISH UNCONTROLLED IN LT,

6P T0 HAVE A MAXINUM ORAFT ANGLE OF 1.5 * T0 THE TOP OF THE PART WITH A MAXIMUM HOLE
DIAMETER OF 154" [3.91].

8 QUTLINE CONFORMS TO JEDEC QUTLINE TQ-247 WITH THE EXCEPTION OF DIMENSION c.

2220227222273

DIMENSIONS
SYMBOL INCHES MILLIMETERS
MIN, MAX, MIN, MAX. | NOTES
A 183 -209 4.65 5.3 LEAD ASSIGNMENTS
A .087 102 2.21 2.59
A2 059 .098 1.50 2.49
b 039 055 0.99 1.40 HEXFET
. bt 039 053 0.93 .35 1.~ GATE
CEEgEE |, ] b2 .065 .09¢ 1.65 2,39 2.~ DRAIN
03 065 092 1.65 2.37 3.- SOURCE
2 b4 102 135 2.5¢ 3.43 4.~ DRAIN
bS 102 133 2.59 338
' e - c .05 034 0.38 0.85
' \ ¢l .015 030 0.38 0.76 IGBTs, CoPACK
T ] 7 815 19.71 20.70 4 - GATE
ot .515 - 13.08 - 5 -
@ A 02 020 030 0.51 076 :f;': ‘E::ILTLTEE%TOR
» E 602 625 15.29 15.87 4 T COLLECTOR
R R £ 540 - 15.72 - .
- e .215 8SC 5.46_BSC
Ky % 00 2:54 DIGDES
A L 559 634 14.20 16.10
e L 146 169 3N 4.29 1.~ ANODE/OPEN
N 7.62 8SC 2.~ CATHODE
@ 140 144 3.56 366 3.~ ANODE
" - oPi - 275 - 6.98
waw 0 .209 224 5.31 5.69
gr//l/l//((_/i” R 78 .216 4.52 5.49
i &Q; s 217 B5C 5,51 BSC
XN\
—

TO-247AC package is not recommended for Surface Mount Application.

International
TR Rectifier

IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245, USA Tel: (310) 252-7105

TAC Fax: {310) 252-7903
Visit us at www.irf.com for sales contact information. 01/06
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FR301 THRU FR307
3.0 AMPS. Fars»tn quqve

Features

¢
<4 High current capability
< High reliability

<> High surge current capability

Mechanical Data

Low forward voltage drop

e 2o

<>

Cases: Molded plastic
Epoxy: UL 94V-0 rate flame retardant
Lead: Axial leads, solderable per MIL-
STD- 202, Method 208 guaranteed
Polarity: Color band denotes cathode end
High temperature soldering guaranieed:
260°C/10 seconds/.375”,(9.5mm) lead
lengths at 5 Ibs.,(2.3kg) tension

Weight: 1.2 grams

.220 (5.6) ?
: 19; Iﬁ 05 1.%2&.4)
.375 (9.5)
335 (85)
1.0 (25.4)
.052 (1.3) MIN.
048 (1.2) W=
DIA.
t

Dimensions in inches and (millimeters)

Maximum Ratings and Electrical Characteristics
Rating at 25°C ambient temperature unless otherwise specified.
Single phase, half wave, 60 Hz, resistive or inductive load.
~ |For capacitive load, derate current by 20%

Type Number Symboll FR | FR [ FR | FR | FR [ FR | FR [Units
301 | 302 | 303 | 304 | 305 | 306 | 307

Maximum Recurrent Peak Reverse Voltage | vgey | 50 | 100 200 | 400 | 600 | 800 |1000( V
Maximum RMS Voltage Vaums 70 | 140|280 | 4201560 | 700} V
Maximum DC Blocking Voltage Vpe 100 | 200 | 400 | 600 | 800 |1000| V
Maximum Average Forward Rectified
Current .375"(9.5mm) Lead Length liavy 3.0 A
@Ta=55C
Peak Forward Surge Current, 8.3 ms Single
Half Sine-wave Superimposed on Rated IFsm 150 A
Load (JEDEC method )
Maximum Instantaneous Forward Voltage Vg 1.2 \2
@ 3.0A
Maximum DC Reverse Current @ Ta=25"C IR 5 uA
at Rated DC Blocking Voltage @ Ta=100°C 100 uA
Maximum Reverse Recovery Time (Note 1) | Trr 150 ‘ 250 | 500 nS
Typical Junction Capacitance ( Note 2 ) Cj 60 . pF
Typical Thermal Resistance (Note 3) Rén 40 TW
Operating Temperature Range T, -65to +150 T
Storage Temperature Range Tste -65 to +150 T

Notes:1. Reverse Recovery Test Conditions: Ir=0.5A, [r=1.0A, Irr=0.25A
2. Measured at 1 MHz and Applied Reverse Voltage of 4.0 Voits D.C.

3. Mount on Cu-Pad Size 16mm x 16mm on P.C.B.
- 356 -



AVERAGE FORWARD CURRENT AMPERES

INSTANTANEOUS FORWARD CURRENT. (A)

RATINGS AND CHARACTERISTIC CURVES (FR301 THRU FR307)

F1G.1- MAXIMUM FORWARD CURRENT DERATING
CURVE

AN

Single Phase \

Half Wave 60Hz
|- Resistive or

AN

1
Inductive Load N
0.375%(9.5mm)

Lead Length
0 i 1
0 25 50 75 100 125 150

AMBIENT TEMPERATURE. (°C)

FIG.3- TYPICAL FORWARD CHARACTERISTICS

20
10
y 4
7 4
v 4
V4

3.0 /‘
10 /

7

Vi
0.3] II
0.1 I Tj=25°C
. F Pulse Width=300xs

1% Duty Cycle
0 i
a1

0.4 06 0.8 1.0 12 14 1.6 1.8

FORWARD VOLTAGE. (v}

178

PEAK FORWARD SURGE CURRENT. (A)

JUNCTION CAPACITANCE.{pF)

FIG.2- MAXIMUM NON-REPETITIVE PEAK FORWARD
SURGE CURRENT
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1)
S

100,
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~
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n
a
B
-
e
L~ Tj=25°%
8.3ms Single Half Sine Wave
— JEDEC Method
1 5 10 50 100
NUMBER OF CYCLES AT 60Hz
FIG.4- TYPICAL JUNCTION CAPACITANCE
‘\
P
e
Tj=25°C
™y
™ »
™
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REVERSE VOLTAGE. (V)

FIG.5- REVERSE RECOVERY TIME CHARACTERISTIC AND TEST CIRCUIT DIAGRAM

106}

500
NONINDUCTIVE NONINDUCTIVE

AAA

AAAA

Yv¥

¥ OUT
)

% 50vde
{approx)
(Sl

s
<

YW

QOSCILLOSCOPE
(NOTE 1)

PULSE
GENERATOR
(NOTE 2)

*)

NOTES: 1. Rise Time=7ns max input Impedance= =

1 megohm 22pf
2. Rise Time=10ns max. Sourse Impedance=

50 ohms

+0.5A

-0.25A

-1.0A

-

/]

_'l 1cr"l'EET TIME BASE FOR
5/ 10ns/ cm
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TOSHIBA TLP250

TOSHIBA Photocoupler GaAlAs Ired & Photo-IC

TLP250

Transistor Inverter

Inverter For Air Conditionor
IGBT Gate Drive

Power MOS FET Gate Drive

Unit in mm

The TOSHIBA TLP250 consists of a GaAlAs light emitting diode and a
integrated photodetector.

This unit is 8-lead DIP package.

TLP250 is suitable for gate driving circuit of IGBT or power MOS FET.

e Input threshold current: Ir=5mA(max.)
e Supply current (Ic¢): 11lmA(max.)
¢ Supply voltage (V¢e): 10-35V
¢ Output current {IQ): +1.5A (max.)
» Switching time (tpLH/tpHL): 1.5ns(max.)
¢ Isolation voltage: 2500Vrms(min.)
¢ UL recognized: UL1577, file No.E67349
¢ Option (D4) type
VDE approved: DIN VDE0884/06.92, certificate No.76823 TOSHIBA 11-10C4
Maximum operating insulation voltage: 630VPK Weight: 0.54 g

BT

Highest permissible over voltage: 4000VPK

(Note) When a VDE0884 approved type is needed,
please designate the "option {D4)"
» Creepage distance: 6.4mm(min.)

Clearance: 6.4mm{min.)

Schmatic Pin Configuration (top view)
Icc
T » ° Vcc 1 [ s
8
Ie (Te 1)
-> 2] N []7
2+ —© Vg —>
Vg 3 >7 7 3 E ] 6
3- 0 VO
o 6 4 [ e 3lls
T (Tr2)
* ® 0
) GND 1:N.C.
A 0.1pF bypass capcitor must be 2 : Anode
connected between pin 8 and 5 (See Note 5). 3: Cathode
4:N.C.
5:GND
6 : Vo (Output)
7:Vo
8:Vce
Truth Table
T Tr2
Input On On Off
LED off off on

1 2004-06-25



Absolute Maximum Ratings (Ta = 25°C)
Characteristic Symbol Rating Unit
Forward current IF 20 mA
Forward current derating (Ta 2 70°C} Alp / ATa -0.36 mA/°C
@ Peak transient forward curent (Note 1) IFpT 1 A
Reverse voltage VR 5 Vv
Junction temperature Tj 125 °C
“H"peak ouitput current (Pyy < 2.5pus,f < 15kHz) (Note 2) lopH -1.5 A
“L"peak output current (Pyy s 2.5ps,f < 15kHz) (Note 2) lopL +1.5 A
(Ta<70°C) 35
Output voltage Vo Vv
5 (Ta=85°C) 24
3 (Ta < 70°C) 35
2 Supply voltage Vee \'
(Ta=285°C) 24
Output waltage derating (Ta 2 70°C) AV / ATa -0.73 Vvi/°C
Supply wolitage derating (Ta 2 70°C) AVee / ATa -0.73 V/°C
Juriction temperature Ti 125 °C
Operating frequency (Note 3) f 25 kHz
Operating termperature range Topr —20~85 °C
Storage temperature range Tstg -55~125 °C
Lead soldering temperature (10 s) (Note 4) Tsol 260 °C
Isolation voltage (AC, 1 min., R.H.< 60%) (Note 5) BVsg 2500 Vms

Note 1:  Pulse width Pyy < 1ps, 300pps

Note 2: Exporenential wavefom

Note 3:

Note 4:  ltis 2 mm or more from a lead root.

Note 5:

Note 6:

Recommended Operating Conditions

together.

Exporenential wavefom, lopH = —1.0A( = 2.5ps), lopL < +1.0A( = 2.5us)

Device considerd a two terminal device: Pins 1, 2, 3 and 4 shorted together, and pins 5, 6, 7 and 8 shorted

A ceramic capacitor(0.1uF) should be connected from pin 8 to pin 5 to stabilize the operation of the high

gain linear amplifier. Failure to provide the bypassing may impair the switching proparty. The total lead
length between capacitor and coupler should not exceed 1cm.

Characteristic Symbol Min. Typ. Max. Unit
Input current, on (Note 7) IF(oN) 7 8 10 mA
Input voltage, off VF(OFF) 0 — 0.8 Vv
Supply voltage Vee 15 — 30 20 Vv
Peak output current lopr/lopL - — 0.5 A
Operating temperature Topr -20 25 70 85 °C

Note 7: Input signal rise time (fall time) < 0.5 us.
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TOSHIBA TLP250

Electrical Characteristics (Ta = -20~70°C, unless otherwise specified)

Test
Characteristic Symbol Cir- Test Condition Min. Typ.* Max. Unit
cuit
Input forward voltage VE — lr=10mA,Ta=25°C 1.6 1.8 \"
Temperature coefficient of . _ _ _ _ o
forward voltage AVF/ATa lF=10mA 2.0 mv/°C
Input reverse current IR — VR =5V, Ta=25°C — 10 HA
Input capacitance Crt — V=0,f=1MHz,h Ta=25°C —_ 45 250 pF
“H" level loPH 3 IF=10mA 05 | 15 —
Vee=30v |Vae=4V
Qutput current 1) A
up IF=0
L” level lopL 2 Vg5 = 2.5V 0.5 2 —
apyn Vceoq = +15V, VEgq = —15V
H” level VoH 4 RL = 200Q, If = 5mA 11 12.8 —
Output voitage \V
o » Vceq = +15V, VEgq = 15V . _
L” level VoL 5 |RI <2000, Vs = 6.8V 142 | -12.5
Vee = 30V, I = 10mA _ 7 _
“H" level lccH — |Ta=25°C
Voo =30V, If = 10mA — — 11
Supply current ce F mA
Voo =30V, If = 0mA _ 75 .
“7 level lecL _ Ta =25°C
Vce = 30V, I = OmA —_ —_ 11
Threshold input “Output i Vcet = +15V, Vggq = —15V
M FLH — _— 1.2
current L—H RL =200Q, Vo > 0V 5 mA
Threshold input “Output . IEHL _ Vg1 = +15V, VEg1 = -15V 0.8 _ _ v
voltage H-L RL = 200Q, Vo <0V
Supply voltage Vce — 10 —_ 35 Y/
Capacitance c Vg=0,f=1MHz
— — 1.0 2. F
(input-output) S Ta =25 - 0 P
- . Vg =500V, Ta=25C 12 14
Resistance(input-output) Rg — RH.< 60% 1x10 10 -—_ Q

* All typical values are at Ta=25°C  (*1): Duration of Ig time < 50ps
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TOSHIBA TLP250
Switching Characteristics (Ta =-20~70°C , unless otherwise specified)
Test
Characteristic Symbol Cir— Test Condition Min. Typ.* Max. Unit
cuit
Propagation L—H toLH - 0.15 0.5
delay time Hot tpHL IF = 8mA (Note 7) - 0.15 0.5
6 Vgt = #1585V, VEgg = -15V us
Output rise time tr RL =200Q - — —
Output fall time tt — —_ —
Common mode transient
b : - Vem = 600V, Ig = 8mA
immunity at high level CwMmH 7 Voe = 30V, Ta = 25°C -5000 — — V/us
output
Common mode transient
: ; Vem = 600V, If = 0mA
immunity at fow level CMmL 7 Vee = 30V, Ta = 25°C 5000 — — V/us
output
* All typical values are at Ta = 25°C
Note 7: Input signal rise time (fall time) < 0.5 us.
4 2004-06-25
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TLP250

Test Circuit 6: tpLH, tpHL tr tr
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CML(CmH) is the maximum rate of rise (fall) of the common mode voltage that can be sustained with the output

voltage in the low (high) state.
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TOSHIBA TLP250
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National
Semiconductor

LM139/LM239/LLM339/LM2901/1.M3302
Low Power Low Offset Voltage Quad Comparators

General Description

The LM139 series consists of four independent precision
voltage comparators with an offset voltage specification as
low as 2 mV max for all four comparators. These were
designed specifically to operate from a single power supply
over a wide range of voltages. Operation from split power
supplies is also possible and the low power supply current
drain is independent of the magnitude of the power supply
voltage. These comparators also have a unique characteris-
tic in that the input common-mode voltage range includes
ground, even though operated from a single power supply
voltage.

Application areas include limit comparators, simple analog to
digital converters; pulse, squarewave and time delay gen-
erators; wide range VCO; MOS clock timers; muitivibrators
and high voltage digital logic gates. The LM139 series was
designed to directly interface with TTL and CMOS. When
operated from both plus and minus power supplies, they will
directly interface with MOS logic— where the low power
drain of the LM339 is a distinct advantage over standard
comparators.

March 2004

Features

m Wide supply voltage range

= L M139/139A Series 210 36 Vpg or £1 to =18 V¢
u | M2901: 21036 Vpg or =1 to =18 Ve
n | M3302: 210 28 Vpg or £1 to 14 Vo
m Very low supply current drain (0.8 mA) — independent

of supply voltage

® Low input biasing current: 25 nA

m Low input offset current: +=5nA

m Offset voltage: =3 mV

u {nput common-mode voltage range includes GND

m Differential input voltage range equal to the power
supply voltage

® Low output saturation voltage: 250 mV at 4 mA

x Qutput voitage compatible with TTL, DTL, ECL, MOS
and CMOS logic systems

Advantages

B High precision comparators

8 Reduced Vg drift over temperature

u Eliminates need for dual supplies

B Allows sensing near GND

® Compatible with all forms of logic

m Power drain suitable for battery operation

One-Shot Multivibrator with Input
Lock Out

100k 1

Wi \

—— v’
s =
/]

— 4V
‘ﬂ:’“‘
[}

v
10M
9
- o &

174 1M128
100 pF
| 174 LM139 Vo
+
10M
AN #
240k
B2k =
AAA
Yy

00570612
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LM139/LM239/LM339/LM2901/LM3302

Absolute Maximum Ratings (vote 10)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/

Distributors for availability and specifications.

Supply Voltage, V*

Differential Input Voltage (Note 8)

Input Voltage
Input Current (Vi <-0.3 V),
{Note 3)
Power Dissipation (Note 1)
Molded DiP
Cavity DIP
Small Outline Package
Output Short-Circuit to GND,
(Note 2)
Storage Temperature Range
Lead Temperature
(Soldering, 10 seconds)
QOperating Temperature Range

-0.3 Vpe 0 +36 Ve

LM139/LM239/LM339
LM139A/LM239A/LM339A LM3302
LM2901
36 Vpc or £18 V¢ 28 Vpc or £14 V¢
36 Vpe 28 Vpe

-0.3 Vpe 10 +28 Ve

50 mA 50 mA
1050 mW 1050 mW
1190 mW
760 mW

Continuous Continuous

-65°C to +150°C

—65°C to +150°C

LM339/LM339A

LM239/LM239A

LM2901

LM139/LM139A

Soldering Information

Dual-in-Line Package
Soldering (10 seconds)

Small Qutline Package
Vapor Phase (60 seconds)
Infrared (15 seconds)

260°C 260°C
-40°C to +85°C
0°C to +70°C
—25°C to +85°C
-40°C to +85°C

-55°C to +125°C

260°C 260°C
215°C 215°C
220°C 220°C

See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of

soldering surface mount devices.

ESD rating (1.5 kQ in series with 100 pF) 600V 600V
Electrical Characteristics
(V*=5 Vpe, Ta = 25°C, unless otherwise stated)
Parameter Conditions LM139A LM239A, LM339A LM139 Units
Min Typ Max | Min Typ Max | Min Typ Max )
Input Offset Voitage (Note 9) 1.0 20 1.0 20 20 50 | mVpe
Input Bias Current hgey OF lingy With Output in 25 100 25 250 25 100 | nApc
Linear Range, (Note 5), V=0V
Input Offset Current hgey=Ninveeys Vem=0V 30 25 50 50 30 25 | nApgc
input Common-Mode V+=30 Vg (LM3302, *-1.5] 0 15| 0 V*-1.5| Vpe
Voltage Range V* =28 Vpe) (Nate 6)
Supply Current R, = e on all Comparators, 08 20 08 20 08 2.0 | mAgc
R, = oo, V* =386V, 10 25 1.0 25 | mAgc
(LM3302, V* =28 Vpe)
Voltage Gain R.215 kQ, V* = 15 Ve 50 200 50 200 50 200 V/imV
Vo=1Vpeto 11 Ve
Large Signal Vi = TTL Logic Swing, Vger = 300 300 300 ns
Response Time 1.4 Vpe, VaL = 5 Vpe,

www.national.com




LM139/LM239/LM339/LM2901/LM3302

Electrical Characteristics (continued)

(V* = 5.0 Ve, (Note 4))

Parameter Conditions LM139A LM239A, LM339A LM139 Units
Min Typ Max | Min Typ Max | Min Typ Max
Saturation Volitage Ving=1 Vo Vin = 0, 700 700 700 | mVpe
Isine € 4 MA
Output Leakage Current Ving = 1 Voe: Ving =0, 1.0 1.0 1.0 | PApe
Vg =30 Vpe, (LM3302,
Vo =28 Vi)
Differential Input Voltage Keep all Viy's 2 0 V¢ (or V-, 36 36 36 Voe
if used), (Note 8)
Electrical Characteristics
(V* = 5.0 Vg, (Note 4))
Parameter Conditions LM239, LM339 LM2901 LM3302 Units
Min Typ Max |Min Typ Max |[Min Typ Max
input Offset Voitage (Note 9) 9.0 9 15 40 | mVpe
Input Offset Current lingay—lingy» Vom = OV 150 50 200 300 | nApc
Input Bias Current Iingsy OF by With Output in 400 200 500 1000 | NApe
Linear Range, Vo = 0V (Note 5)
input Common-Mode V* = 30 Ve (LM3302, V* = 28 V) *-2.0( O v+-2.0( O V*-2.0| Vpe
Voltage Range (Note 6)
Saturation Voltage Vine = 1 Vo, Vingy =0, 700 400 700 700 | mVpe
Isink € 4 MA
Output Leakage Current | Viy,y - 1 Vpe, Vine =0, 1.0 1.0 1.0 | PARe
Vo =30 Vpe, (LM3302, V o =28 V)
Differential Input Voltage | Keep all Vi 's 2 0 Ve (0r V™, 36 36 28 Vpoe
if used), (Note 8)

Note 1: For aperating at high temperatures, the LM339/LM339A, LM2901, LM3302 must be derated based on a 125°C maximum junction temperature and a
thermal resistance of 95°C/W which applies for the device soldered in a printed circuit board, operating in a still air ambient. The LM239 and LM139 must be derated
based on a 150°C maximum junction temperature. The low bias dissipation and the “ON-OFF" characteristic of the outputs keeps the chip dissipation very small
(Pp<100 mW), provided the output transistors are allowed to saturate.

Note 2: Short circuits from the output to V* can cause excessive heating and eventual destruction. When considering short circuits to ground, the maximum output
current is approximately 20 mA independent of the magnitude of V*.

Note 3: This imput current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP
transistors becoming forward biased and thereby acting as input diode cltamps. In addition to this diode action, there is also laterai NPN parasitic transistor action
on the {C chip. This transistor action can cause the output voltages of the comparators to go to the V* voltage level (or to ground for a large overdrive) for the time
duration that an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which was negative, again returns
to a value greater than -0.3 Vpg (at 257)C.

Note 4: These specifications are limited to —55°C < Ta < +125°C, for the LM139/LM139A. With the LM239/LM239A, all temperature specifications are limited to
~25'C < Tp < +85°C, the LM339/LM339A temperature specifications are limited to 0°C < T4 £+70°C, and the LM2901, LM3302 temperature range is —40°C < T
< +85°C.

Note 5: The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent of the state of the output so
no loading chsange exists on the reference or input lines.

Note 6: The iput common-mode voitage or either input signal voltage should not be aliowed 1o go negative by more than 0.3V. The upper end of the common-mode
voltage range is V* —1.5V at 25°C, but either or both inputs can go to +30 V¢ without damage (25V for LM3302), independent of the magnitude of V*.

Note 7: The response time specified is a 100 mV input step with 5 mV overdrive. For larger overdrive signals 300 ns can be obtained, see typical performance
characteristics section.

Note 8: Positive -excursions of input voltage may exceed the power supply fevel. As long as the other voltage remains within the common-mode range, the
comparator will provide a proper output state. The low input voltage state must not be less than 0.3 Vpg (or 0.3 Vpcbelow the magnitude of the negative power
supply, if used) (at 25°C).

Note 9: At output switch point, Vo=1.4 Vp¢, Rg = 0Q with V* from 5 Vg to 30 Vpg; and over the full input common-mode range (0 Vpg to V¥ —1.5 Vpg), at 25°C.
For LM3302, V* from 5 Vp to 28 V.

Note 10: Refer to RETS139AX for LM139A military specifications and to RETS139X for LM139 military specifications.
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[ypical Performance Characteristics Lm139/1M239/1.M339, LM139A/LM239A/LM339A, LM3302

Supply Current
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LM139/LM239/LM339/LM2901/LM3302

Typical Performance Characteristics Lmz901
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SN54HC02, SN74HC02
QUADRUPLE 2-INPUT POSITIVE-NOR GATES

SCLS076E — DECEMBER 1982 — REVISED AUGUST 2003

® Wide Operating Voltage Range of 2 Vto 6 V ® Typical tod = 8 ns
® Outputs Can Drive Up To 10 LSTTL Loads ® +4-mA Output Driveat5V
® Low Power Consumption, 20-pA Max Igc ® Low Input Current of 1 pA Max

SN54HC02. ..J OR W PACKAGE SN54HCO02. .. FK PACKAGE

SN74HCO02...D, DB, N, NS, OR PW PACKAGE (TOP VIEW)

(TOP VIEW) <>0 85

1Y [} 1 1a[] Vee /T

3 2 12019
1A[| 2 13[] 4Y 1B[]a 18[] 4B
18[]3 12[] 4B NC[]s 17[] NC
2Y[]4 1] 4A 2Y[]se 16[] 4A
2A[ls 10f] 3Y NC[]7 15[] NC
2B[]s6 9ll 3B 2A[]s 14[] 3y

oND [}7 8fl 3a Stz

nQoO<o

NZZO®

O]

NC — No internal connection
description/ordering information

The 'HC02 devices contain four independent 2-input NOR gates. They
Y=A+BorY =AeB in positive logic.

perform the Boolean function

ORDERING INFORMATION
T PACKAGET PART NUMBER MARKING
PDIP -N Tube of 25 SN74HCO2N SN74HCO2N
Tube of 50 SN74HC02D
SQIC-D Reel of 2500 SN74HC02DR HCO02
Reel of 250 SN74HC02DT
—40°C to 85°C SOP - NS Reel of 2000 SN74HCO02NSR HCO02
SSOP -DB Reel of 2000 SN74HCO02DBR HCO02
Tube of 90 SN74HC02PW
TSSOP - PW Reel of 2000 SN74HC02PWR HC02
Reel of 250 SN74HCO2PWT
CDIP-J Tube of 25 SNJ54HC02J SNJ54HC02J
-55°Ct0125°C |CFP -W Tube of 150 SNJ54HC02W SNJ54HC02W
LCCC -FK Tube of 55 SNJ54HCO02FK SNJ54HCO02FK

T Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are

available at www.ti.com/sc/package.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

Copyright © 2003, Texas Instruments Incorporated

PRODUCTION DATA information is cument as of publication date.
Products conform to. specifications per the terms. of Texas Instruments

St Onproducts compliant to MIL-PRF-38535, all parameters are tested
g does not ly include

unless “otherwise “noted. On’ ‘all “other ‘products, production
P g does not ily include testing of all parameters,

{'f TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1

r
testing of all parameters,




Electrical Characteristics (continued)
(V*=5 Ve, Ta = 25°C, unless otherwise stated)

Parameter Conditions LM139A LM239A, LM339A LM139 Units
Min Typ WMax | Min Typ Max | Min Typ Max
RL=5.1kQ
Response Time VaL = 5 Vpe, R = 5.1 kQ, 1.3 1.3 1.3 us
(Note 7)
Qutput Sink Current Vine = 1 Voe, Vingy = 0, 6.0 16 6.0 16 60 16 mMApe
Vo €15 Vpe
Saturation Voltage Vine = 1 Voe: Vingy =0, 250 400 250 400 250 400 | mVpe
lgink S 4 MA
Qutput Leakage Ving) = 1 VoeiVing = 0, 0.1 0.1 0.1 nNApsc
Current Vo =5Vpe
Electrical Characteristics
(V* =5 Vpg, Ta = 25°G, unless otherwise stated)
Parameter Conditions LM239, LM339 LM2901 LM3302 Units
| Min Typ Max | Min Typ Max | Min Typ Max
Input Offset Voitage {Note 9) 20 50 20 7.0 3 20 mVpe
Input Bias Current | tingsy OF linyg—y With Output in 25 250 25 250 25 500 | nApc
Linear Range, (Note 5), Vou=0V
Input Offset Current Hineny=liney Vem = OV 5.0 50 5 50 3 100 | nApc
Input Commeon-Mode V* = 30 Ve (LM3302, 0 v*-1.5| 0 V*-1.5| 0 *-1.5] Vpe
!Voltage Range {V* =28 V) (Note 6)
Supply Current Ry = = on all Comparators, 0.8 20 08 2.0 08 20 | mApc
R = o0, V* = 36V, 1.0 25 10 25 1.0 25 | mApe
{LM3302, V* = 28 V)
Vltage Gain R, 215 kQ, V¥ =15 Ve 50 200 25 100 2 30 V/imV
Vo=1Vpeto 11 Vpe
Large Signal V,n = TTL Logic Swing, Vger = 300 300 300 ns
Response Time 1.4 Vpg, VaL =5 Vpa
R, =5.1kQ,
Response Time VaL =5 Vpe, B = 5.1 kQ, 1.3 1.3 1.3 us
{Note 7)
Output Sink Current Vine= 1 Voe: Vingy =0, 60 186 6.0 186 6.0 16 mApc
Vo £1.5Vpe
Saturation Voltage Vine = 1 Voe: Vi =0, 250 400 250 400 250 500 | mVpe
| I < 4 MA
Qutput Leakage Ving = 1 VoeVingy = 0, 0.1 0.1 0.1 NApc
‘Current Vo =5Vpe
Electrical Characteristics
(V* = 5.0 Vg, (Note 4))
Parameter Conditions LM139A LM239A, LM339A LM139 Units
Min Typ Max | Min Typ Max |[Min Typ Max
Input Offset Voltage (Note 9) 4.0 4.0 9.0 | mVpe
Input Offset Current Iingoy~lingys Vom = 0V 100 150 100 | nApc
Input Bias Current fingsy OF lingy With Output in 300 400 300 | nApc
Linear Range, Vey = 0V (Note 5)
Input Common-Mode V*=30 Ve (LM3302, 0 Vv+*-2.0] O v+-2.0| 0 V*-2.0| Vpe
Voltage Range V* = 28 V) (Note 6)

www.national.com
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SN54HC02, SN74HC02
QUADRUPLE 2-INPUT POSITIVE-NOR GATES

SCLS076E — DECEMBER 1982 — REVISED AUGUST 2003

Storage temperature range, Tstg

FUNCTION TABLE
{each gate)

INPUTS
A

Y

OUTPUT

—r T X|w

H L
X L
L H

iogic diagram (positive logic)

:DO*Y
B

ébsolute maximum ratings over operating free-air temperature range (unless otherwise noted)T

1. The input and output voltage ratings may be exceeded if the input and output current ratings are observed.
2. The package thermal impedance is calculated in accordance with JESD 51-7.

recommended operating conditions (see Note 3)

Supply VOIAge FaNGE, VOG « -« vt e ettt a e e —05Vto7V
Input clamp current, |k (Vj<0orVy>Vcc)(seeNote 1) ... +20 mA
Output clamp current, lok (Vo <0orVo>Vgg)(seeNote 1) ..., 20 mA
Continuous output current, Ig (Vo =0toVpog) - +25 mA
Continuous current through Voo or GND ..o o +50 mA
Package thermal impedance, 6 (see Note 2): Dpackage ...................oooiiiiiinie, 86°C/W
DBpackage .............ccoiiiiiiiiiiiiin., 96°C/W
Npackage ..., 80°C/w
NSpackage ...........coviiiiiiiiiiiiiiann, 76°C/W
PWpackage ...........cooiviiiiiiiiian. 113°C/wW

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES:

SN54HC02 SN74HC02
MIN NOM MAX|] MIN NOM MAX UNIT
Vee Supply voltage 2 5 6 2 5 6 \
Vec=2V 1.5 1.5
ViH High-level input voltage Vee =45V 3.15 3.15 \Y
Veg=6V 4.2 4.2
Vee=2V 0.5 0.5
ViL Low-level input voltage Vce =45V 1.35 1.35 \
Vec =6V 1.8 1.8
V) ~ Input voltage Vece \ele \Y
'Vo Output voltage Vee Vee \Y
; Vee=2V 1000 1000
 AUAV Input transition rise/fall time Vee =45V 500 500 ns
Vec =86V 400 400
TA Operating free-air temperature ~55 125 —40 85 °C
NOTE 3: Alt unused inputs of the device must be held at Vo or GND to ensure proper device operation. Refer to the Tl application report,

Implications of Slow or Floating CMOS Inputs, literature number SCBA004.

‘4‘ TeEXAS
INSTRUMENTS
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SN54HC02, SN74HC02
QUADRUPLE 2-INPUT POSITIVE-NOR GATES

SCLS076E — DECEMBER 1982 — REVISED AUGUST 2003

electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

Ta=25°C SN54HC02 SN74HC02
PARAMETER TEST CONDITIONS Vee UNIT
MIN TYP MAX| MIN MAX| MIN MAX
2V 1.9 1.998 1.9 1.9
IoH =-20 pA 45V 4.4 4499 4.4 44
VOoH Vi=Vi4orViL 6V 59 5.999 5.9 5.9 \%
loH=—4mA 45V 3.98 4.3 3.7 3.84
loH=-5.2mA 6V 5.48 5.8 52 5.34
2V 0.002 0.1 0.1 0.1
loL=20 pA 45V 0.001 0.1 0.1 0.1
VoL V| =Vi4orViL 6V 0.001 0.1 0.1 0.1 \
loL=4mA 45V 0.17 026 0.4 0.33
loL=52mA 6V 0.15 0.26 0.4 0.33
I Vi=Vggor0 6V 0.1 +100 +1000 +1000 nA
Icc Vi=Vggoro, lop=0 6V 2 40 20 pA
Ci 2Vto6V 3 10 10 10 pF

switching characteristics over recommended operating free-air temperature range, C = 50 pF
(unless otherwise noted) (see Figure 1)

FROM TO Ta=25°C SN54HC02 SN74HC02
PARAMETER (INPUT) (OUTPUT) VeC TN wvp wAx| min max| MmN wmax| "N

2V 45 9 135 115

tod AorB Y 4.5V 9 18 27 23 ns
6V 8 15 23 20
2V 3 75 110 95

y Y 45V 8 15 22 19| ns
6V 6 13 19 16

operating characteristics, Tp = 25°C
PARAMETER TEST CONDITIONS | TYP | UNIT
Cpd Power dissipation capacitance per gate No load 22 pF

{? TEXAS
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N54HC02, SN74HC02
JUADRUPLE 2-INPUT POSITIVE-NOR GATES

3LLS076E — DECEMBER 1982 — REVISED AUGUST 2003

PARAMETER MEASUREMENT INFORMATION

From Qutput Test = —— T T T Vee
Under Test [ Point I"P“t_/:( 50% | 50%
ov

CL =50 pF
(see Note A) }4— tpLH —P% |“— tPHL —Hl
In-Phase | | YR 1~ —— VoH
output | 50% 4 0% | 80N 50
LOAD CIRCUIT 10% - | | | 0% o
| ¥ — [t
Y, [ tpHL —M € tpLH
cc
nput  s0% | 0% 90% '\ 509 30% N 50% 'OH
10% o £ | | 10?,/0 Out-of-Phase ° 1K 50% 50% A| o
| T
— [t —» &t —» —> [t
VOLTAGE WAVEFORM VOLTAGE WAVEFORMS
INPUT RISE AND FALL TIMES PROPAGATION DELAY AND OUTPUT TRANSITION TIMES

JOTES: A. Cy includes probe and test-fixture capacitance.
B. Phaserelationships between waveforms were chosen arbitrarily. All input pulses are supplied by generators having the following
characteristics: PRR< 1 MHz, 20 =50 Q, ty =6 ns, tf= 6 ns.
The outputs are measured one at a time with one input transition per measurement.
tpLH and tpp|_ are the same as tpg.

oo

Figure 1. Load Circuit and Voltage Waveforms
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FAIRCHILD - .
o] . :
SEMICONDUCTOR® August 2007
Schottky Barrier Rectifier
- 1.0 A operation at TA = 90°C with no thermal runaway.
- For use in low voltage, high frequency inverters free wheeling, and polarity protection applications.
DO-41 Glass case
COLOR BAND DENOTES CATHODE
Absolute Maximum Ratings 1¢=25°C unless otherwise noted
Symbol Parameter Value Units
y IN5817 | 1N5818 | 1NS819 |
VRRM Maximum Repetitive Reverse Voltage 20 30 40 \
| Average Rectified Forward Current 10 A
F(av) .375" lead length @ Ta =90°C )
| Non-repetitive Peak Surge Current 25 A
FSM 8.3 ms Single Half-Sine Wave
T TsT1g Operating Junction and Storage Temperature -65to +125 °C
Thermal Characteristics
Symbol 1 Parameter Value Units
Pp { Power Dissipation 1.25 w
Raja Maximum Thermal Resistance, Junction to Ambient 100 °Cc/w
Rasc { Maximum Thermal Resistance, Junction to Case 45 °C/wW
* Mounted on Cu-pad Size 5mm x Smm on PCB
Electrical Characteristics (per diode)
Symbol Parameter Value Unit
y IN5817 | 1N5818 | 1N5819 nis
@1.0A 450 550 600
Vi .
Ve Forward Voltage @30A 750 875 900 mv
Tc=25°C 0.5
Ir Reverse Current @ rated Vg To =100 °C 10 mA
Total Capacitance
Cr VR=4.0V,f=1.0 MHz 110 PF
* Pulse Test: Pulse Width=300ps, Duty Cycle=2%
© 2007 Fairchild Semiconductor Corporation www.fairchildsemi.com

1N5817 - 1N5819 Rev. 1.0.0 1
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Typical Performance Characteristics
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Figure 1. Forward Current Derating Curve
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Figure 3. Non-Repetitive Surge Current

20 P’

10 =nss17 A
— — 31\ III Il vd =
Y YAl W
- / // Y > 1N5813
# [ X/
g
5 f ~—1- 1N5618
a 1 4
- ¥ A
& T
2 7
5 / i
- X7 Ty=25C

Pulse Width = 3004S7
,I 1% Duty Cycle

01
02 04 06 08 1 12 14 16 18 2
Forward Voitage, V- [V]

Figure 2. Forward Voltage Characteristics
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Figure 4. Total Capacitance
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DB101G THRU DB107G

Single Phase 1.0 AMP. Glass Passivated Bridge Rectifiers

Features

UL Recognized File # E-96005

Ideal for printed circuit board

Reliable low cost construction utilizing
molded plastic technique

High temperature soldering guaranteed:
250°C / 10 seconds / 0.375" ( 9.5mm )
lead length at 5 Ibs., ( 2.3 kg ) tension
Small size, simple installation

Leads solderable per MIL-STD-202,
Method 208

High surge current capability

T T e

<>

.205(5.2)
195(5.0)

JEV-L UMY L 04701.20)
- + 1 “640(1.02)
.255(8.5) | 315(8.0)
.245(6.2) | -285(7.24} L-l r-
.. I A A
o LT — - +
13y 335881 ~ —~
\320(8.12
i i .08(2 3] I \ H H
RES -335(8.51 .013(0.33)
o= 1 a3l g owsetize)
g [y» lit_—' I
H H 185¢4.89)
soan 2wz, RS} FEre
07541.90} A13(0.3%) RETTERL S ]

D751 £013(0.9
OE(139)  Govsimzz)

A203.05)  pence.5
.mnu—.u'z}

Dimensions in inches and (millimeters)

404109
.3A8(B.50)
.255(6.51
245(6.2)

0130.33)
003{0.076)

Maximum Ratings and Electrical Characteristics
Rating at 25°C ambient temperature uniess otherwise specified.
Single phase, half wave, 60 Hz, resistive or inductive load.

For capacitive load, derate current by 20%

Type Number DB101G|DB102G][DB103G|DB104G]DB105G|DB106G | DB107G

DBS DBS DBS DBS DBS DBS | DBS .

1016 | 1026 | 1036 | 104G | 1056 | 106G _| 10vc | Units

Maximum Recurrent Peak Reverse Voitage 50 100 | 200 | 400 | 600 | 800 | 1000 Vv
Maximum RMS Voltage 35 70 140 | 280 | 420 | 560 | 700 \%
Maximum DC Biocking Voltage 50 100 | 200 | 400 | 600 | 800 |1000| V
Maximum Average Forward Rectified Current
@Ta = 40°C 1.0 A
Peak Forward Surge Current, 8.3 ms Single
Half Sine-wave Superimposed on Rated Load 50 A
(JEDEC method )
Maximum Instantaneous Forward Voitage 1.1 V
@ 1.0A
Maximum DC Reverse Current @ Ta=25°C 10 uA
at Rated DC Blocking Voitage @ Ta=125°C 500 UA
Operating Temperature Range T, -55to +150 °C
Storage Temperature Range Tstc -55 to +150 °C

Note: DBS for Surface Mount Package.
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RATINGS AND CHARACTERISTIC CURVES (DB101G THRU DB107G)

F1G.1- MAXIMUM DERATING CURVE FOR OUTPUT

RECTIFIED CURRENT
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F1G.3- TYPICAL REVERSE CHARACTERISTICS
PER BRIDGE ELEMENT
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FI1G.5- TYPICAL JUNCTION CAPACITANCE PER
BRIDGE ELEMENT
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FIG.2- MAXIMUM NON-REPETITIVE PEAK FORWARD

SURGE CURRENT
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FIG.4- TYPICAL FORWARD CHARACTERISTICS
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