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Infrared remote control repeater

Miss. Varisra Treewatchararat 1D.47010650
Mr. Adisak Sontimuang 1D.47010919
Asst. Prof. Polphadung Phadungkul (Advisor)

Educational Year 2007

Abstract

This project aim to design the infrared remote control repeaters which apply for
home electric appliances. And this device can be separate into two parts. First one means
for receiving an infrared signal from remote control. And modulate this signal with carrier
frequency then transmit into AC line. Another part of this device is use to retrieve the signal
from AC line and convert to data. Then modulate the data with remote control frequency,

act as repeater for transmit the infrared signal to home electric appliances.
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LF353

Schematic Diagram
{One Section Only)
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Absolute Maximum Ratings
Parameter Symbol Value Unit
Power Supply Voltage Vee 18 \'}
Differential Input Voltage VI(DIFF) 30 v
input Voltage Range W 115 v
QOutput Short Circuit Duration - Continuous -
Power Dissipation Po 500 mwW
Operating Temperature Range ToPR 0~+70 °C
Sterage Temperature Range T5TG -65 ~ +150 °C




LF353

Electrical Characteristics
(Vcc =+15V, VEE= -15V, TA=25 °C, unless otherwise specified)

Parameter Symbol Conditions Min. Typ. Max. | Unit
Rs=10KQ - 50 10 mv
input Offset Voltage Vio
0°C<Ta=s+70°C - - ~ -
Input Offset Voltage Drift AVIO/IAT| Rs=10KQ | 0°C<TA<+70°C - 10 - uv/°C
- 25 100 pA
input Offset Current ho
| 0°C<Tas+70°C| - - 4 nA
Input Bias Current IBIAS _ S0 200 PA
| 0°CsTa<+70°C| - - 8 nA
Input Resistance R - - 102 - Q
Large Signal Voltage Gain Gy VOP-p) =210V 2 19 _ vimV
RL=2KQ | 0°CsTas+70°C| 15 - - .
Output Voltage Swing VoP_P)| RL=10KQ +12 135 - v
Input Voltage Range VI(R) - 11 | #15/-12 - \
Common Mode Rejection Ratio CMRR | Rs<10KQ 70 100 - dB
Power Supply Rejection Ratio PSRR | Rs<10KQ 70 100 - dB
Power Supply Current lcc - - 36 6.5 mA
Slew Rate SR Gv=1 - 13 - Vius
Gain-Bandwidth Product GBW - - 4 - MHz
Channel Seperation Cs :I:[;ulhti?e;ezrgr}l(:iezd) - 120 - dB
Equivalent Input Noise Voltage VNI ?:’ 1_ KLOZOQ - 16 - ;'_TVZI
. . Al
Equivalent Input Noise Current INI f=1KHz - 0.01 - fl—Tz
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Mechanical Dimensions
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Mechanical Dimensions

Package
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Ordering Information

Product Number Package Operating Temperature
LF353N 8-DIP 0~ + 70°C
LF353M 8-S0P

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
PRODUCTS HEREIN TC IMPROVE RELIABILITY, FUNCTICN OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY
LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN; NEITHER
DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

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

1. Life support devices or systems are devices or systems 2. Acritical component in any component of a life support
which, (a) are intended for surgical implant into the body, device or system whose failure to perform can be
or (b) support or sustain life, and (c) whose failure to reasonably expected to cause the failure of the life support
perform when properly used in accordance with device or system, or to affect its safety or effectiveness.

instructions for use provided in the labeling, can be
reascnably expected to result in a significant injury of the
user.

www.fairchildseml.com

6/1/01 0.0m 001
StockitD Sxo0000000
© 2001 Fairchild Semiconductor Corporation



Philips Semiconductors Linear Products

Voltage comparator

DESCRIPTION

The LM111 series are voltage comparators that have input currents
approximately a hundred times lower than devices like the pA710.
They are designed to operate over a wider range of supply voltages;
from standard +15V op amp supplies down to a single 3V supply.
Their output is compatible with RTL, DTL, and TTL as well as MOS
circuits. Further, they can drive lamps or relays, switching voltages
up to 50V at currents as high as 50mA.

Both the inputs and the outputs of the LM111 series can be isolated
from system ground, and the output can drive loads referred to
ground, the positive supply, or the negative supply. Offset balancing
and sirobe capability are provided and outpuls can be wire-ORed.

Although slower than the pA710 (200ns response time vs 40ns), the
devices are also much less prone to spurious oscillations. The LM111
series has the same pin configuration as the AT 10 series.

FEATURES
® Operates from single 3V supply (LM311B)

® Maximum input bfas current: 150nA (LM311—250nA)
® Maximum offset current: 20nA (LM311—50nA)

® Differential input voltage range: £30V

® Power consumption: 135mW at +15V

® High sensitivity—200V/mV

® Zero crossing detector

Product specification

LM111/211/311/
LM311B

PIN CONFIGURATION

D, FE, N PACKAGES

S

GND| 1 8 |ve
INPUT | 2 7 | ouTPUT
INPUT | 3 6 | BAUSTROBE

V- E E' BALANCE

APPLICATIONS

® Precision squarer
@ Positive/negative peak detector
® Low voltage adjustable reference supply

® Switching power amplifier

ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE OCRODER CODE DWG #
8-Pin Plastic Dual In-Line Package (DIP) -B5°C to +125°C LM111N 3404B
8-Pin Plastic Dual In-Line Package (DIP) -25°C to +85°C LM211N 0404B
8-Pin Plastic Small Outline Package (SO) 0to +70°C LM311D 0174C
8-Pin Plastic Dual In-Line Package (DIP) 010 +70°C LM311N 04048
8-Pin Plastic Small Qutiine Package (SO} -25°C to +85°C LM211D 0174C
8-Pin Ceramic Duai In-Line Package (CERDIP) -55°C to +125°C LM111FE 0580A
8-Pin Plastic Smalt Qutline Package (SO) 0 to +70°C LM311BD 0174C
8-Pin Plastic Dual In-Line Package (DIP) 0 to +70°C LM311BN 04048
August 31, 1994 273 853-0927 13721




Philips Semiconductors Linear Products Product specification
Voltage comparator LM3118B
EQUIVALENT SCHEMATIC
BALANCE/
STROBE ¢ o BALANCE o ve
. |
R3 %m R4 gnz ;Ra R9
00 1.3K% 00 S1.3 750 800
s a7 -—Km
RS Eﬂ
70 at
- +—+t a1z
Ré 2 R7
Qs 12K 1.2K Q1) w
Z R10
4K ouTPUT
a4
a1
O_K D1 b2
o sV S5V
P
INPUTS
O Q2 oy
Qs
a7 A
> R13
[ 34
o V- =
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vs Total supply voltage 36 A
Output to negative supply voltage:
LM111/LM211 50 \
LM311/LM311B 40 A
Ground to negative supply veltage 30 \Y
Differential input voltage +30 v
ViN Input voltage' +15 v
Pp max Maximum power dissipation,
Ta=25°C (still-air)2
F package 810 mw
N package 1190 mw
D package 780 mw
I Output short-circuit duration 10 sec
Ta Operating ambient temperature range
LM111 -55 to +126 °C
LM211 -25 to 485 °C
LM311/LM311B 0to+70 °C
Tsta Storage temperature range -65 to +150 °C
Lead soldering temperature o
Tsotp (10sec max) 300 c
NOTES:

1. This rating applies for £15V supplies. The positive input voltage limit is 30V above the negative supply. The negative input voltage limit is
equal to the negative supply voltage or 30V below the positive supply, whichever is less.
2. Derate above 25°C, at the following rates: F package at 8 4mW/°C; N package at 9.5mWFC; D package at 6.2m/MW°C

August 31, 1994
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Philips Semiconductors Linear Products

Product specification

Voltage comparator LM311B
DC ELECTRICAL CHARACTERISTICS! 2. 3,6
Over temperature range unless otherwise specified.
SYMBOL PARAMETER TEST CONDITIONS LMitiA Mz11 LM3H LM31IB UNIT
Min | Typ | Max | Min | Typ { Max | Min | Typ | Max
Vos Input offset voltaged Ta=25°C, Rg<50k0Q 0.7 3.0 20 7.5 20 7.5 mV
los Input offset current3 TaA=25°C 40 10 8.0 50 6 25 nA
lpias input bias current Ta=25°C 60 100 100 250 100 | 200 nA
Ay Voltage gain Ta=25°C 200 200 200 Vimv
Response time? Ta=25°C 200 200 500 ns
LM111/211 Viy<-5mV,
IOUT=50mA
Vgar Saturation voitage LM311/B V|Ns-10mV, 0.75 15 0.75 15 0.75 1.5 \
lour=50mA
Ta=25°C
Ipastr | Strobe on current Tp=25°C 3.0 3.0 30 mA
LM111/211 Viy25mV,
VOUT=35V
LM311/B Vi210mV,
hEAkAGE | Outputleakage current® Voyur=35V 0.2 10 0.2 50 0.2 50 nA
Ta=25°C,
ISTRORE=3MA
(V== Vgnp = -5V)
Vos Input offset voltage3 Rg<50k 4.0 10 10 | mv
los Input offset current? 20 70 50 nA
Iplas Input bias current 150 300 250 nA
" 13.8 13.8
=+15V — \4
Vin Input voltage range V=15 lfglg My | 45| to | 130|145} to | 130 :é 5 _1"5 v
-147 -14.7 ’ ’
V+245V,V-=0
LM111/211 Vy<-BmV,
VoL Saturation voltage® IgINKSBmMA 023 | 04 023 | 04 023 | 04 v
LM311/B ViNs-10mV,
IgiNk<BmA
oH Output leakage current | Vin25mV, Vour=35V 0.1 0.5 pA
lec Positive supply current Ta=25°C 5.1 6.0 51 7.5 16 35 mA
33 Negative supply voltage Tp=25°C 4.1 5.0 4.1 5.0 mA
NOTES: ]
1. This rating applies for 15V supplies. The positive input voltage limit is 30V above the negative supply. The negative input voltage limit is

equal to the negative supply voltage or 30V below the positive supply, whichever is less.

2. These specifications apply for Vg=115V and 0°C < Tp < 70°C unless otherwise specified. With the LM211, however, all temperature

specifications are limited to -25°C 5 Ty < 85°C and for the LM111 is limited to -55°C Ty < 125°C. The offset voitage, offset current, and bias
current specifications apply for any supply voltage from a single 5V supply up to £15V supplies.

«

EIUES

August 31, 1994
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The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply with 1mA
load. Thus, these parameters define an error band and take into account the worst case effects of voltage gain and input impedance.

. The response time specified is for a 100mV input step with 5mV over-drive.
Do not short the strobe pin to ground; it should be current driven at 3mA to SmA.
LM311B, all parameters are at V+ = 3V +10%, V- = GND = 0V.




Philips Semiconductors Linear Products

Product specification

Voltage comparator

LM111/211/311/
LM311B

TYPICAL APPLICATIONS

MAGNETIC
PICKUP

* Valuas shown ars for a 0 to 30V logic swing and a 15V threshold.
“* May be added to tro) speed and red tibility to noise spikes.

Zero Detector
Driving MOS Logic

Detector for Magnetic
Transducer

O Y+ 5Y

o TTL
OUTPUT

V+z 5V

INPUT

TTL Interface with High
Level Logic

August 31, 1994 276



LNK302/304-306

LinkSwitch-TN Family

Lowest Component Count, Energy Efficient

Off-Line Switcher IC

WER’

INTEGRATIONS

Product Highlights

Cost Effective Linear/Cap Dropper Replacement

+  Lowest cost and component count buck converter solution

+ Fully integrated auto-restart for short-circuit and cpen
loop fault protection — saves external component costs

+ LNK302 uses a simplified controller without auto-restart
for very low system cost

* 66 kHz operation with accurate current limit — allows low cost
off-the-shelf 1 mH inductor for up to 120 mA output current

« Tight tolerances and negligible temperature variation

* High breakdown voltage of 700 V provides excellent
input surge withstand

+ Frequency jittering dramatically reduces EMI (~10 dB)
— minimizes EMI filter cost

* High thermal shutdown temperature (+135 °C minimum)

Much Higher Performance over Discrete Buck and

Passive Solutions

* Supports buck, buck-boost and flyback topologies

* System level thermal overload, output short-circuit and
open control loop protection

* Excellent line and load regulation even with typical
configuration

* High bandwidth provides fast turn-on with no overshoot

» Current limit operation rejects line ripple

+ Universal input voltage range (85 VAC to 265 VAC)

¢ Built-in current limit and bysteretic thernial protection

* Higher efficiency than passive solutions

+ Higher power factor than capacitor-fed solutions

e Entirely manufacturable in SMD

EcoSmart®- Extremely Energy Etficient

*  Consumes typically only 50/80 mW in self-powered buck
topology at 115/230 VAC input with no load (opto feedback)

* Consumes typically only 7/12 mW in flyback topology
with external bias at 115/230 VAC input with no load

¢ Meets California Energy Commission (CEC), Energy
Star, and EU requirements

Applications
= Appliances and timers
* LED drivers and industrial controls

Description

LinkSwitch-TN is specifically designed to replace all linear and
capacitor-fed (cap dropper) non-isolated power supplies in the

FB BP
i D S
Wide Range  LinkSwitch-TN = DC
HV DC Input Qutput
o + o

P}-3492-111303

Figure 1. Typical Buck Converter Application (See Application
Exarples Section for Other Circuit Configurations).

230 VAC £15% 85-265 VAC
PRODUCT!
MDCM? | CCMW* | MDCM? | CCW®
LNK302Por G| 63mA | BOmA | 6B3mA | B0 mA

LNK304P or G| 120 mA | 170 mA | 120 mA 1170 mA

LNK305P or G| 175 mA | 280 mA | 175 mA {280 mA

LNK306P or G| 225 mA | 360 mA | 225 mA {360 mA

Tuble I. Notes: 1. Typical output current in a non-isolated buck
converter. Qutput power capability depends on respective output
voltage. See Key Applications Considerations Section for complete
description of assumptions, including fully discontinuous conduction
mode (DCM) operation. 2. Mostly discontinuous conduction mode. 3.
Continuous conduction mode. 4. Packages: P: DIP-8B, G: SMD-8B.
For lead-free package options, see Part Ordering Information.

under 360 mA output current range at equal system cost while
offering much higher performance and energy efficiency.

LinkSwitch-TN devices integratc a 700 V power MOSFET,
oscillator, simple On/Off control scheme, ahigh voltage switched
current source, frequency jittering, cycle-by-cycle current limat
and thermal shutdown circuitry onto a monolithic IC. The start-
up and operating power are derived directly from the voltage
on the DRAIN pin, eliminating the need for a bias supply and
associated circuitry in buck or flyback converters. The fully
integrated auto-restart circuit in the LNK304-306 safety limits
output power during fault conditions such as short-circuit or
open loep, reducing component count and system-level Joad
protection cost. A local supply provided by the 1C allows use
of a non-safety graded optocoupler acting as a level shifter to
further enhance line and load regulation performance in buck
and buck-boost converters, if required.

March 2005




L.NK302/304-306
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Figure 2a. Functional Block Diagram (LNK302).
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Figure 2b. Functional Block Diagram (LNK304-306).
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LNK302/304-306

Pin Functional Description

DRAIN (D) Pin:
Power MOSFET drain connection. Provides internal operating
current for both start-up and steady-state operation.

BYPASS (BP) Pin: .
Connection point for a 0.1 uF external bypass capacitor for the
internally gencrated 5.8 V supply.

FEEDBACK (FB) Pin:

During normal operation, switching of the power MOSFET is
controlled by this pin. MOSFET switching is terminated when
a current greater than 49 pA is delivered into this pin.

SOURCE (8S) Pin:
This pinis the power MOSFET source connection. Itis also the
ground reference for the BYPASS and FEEDBACK pins.

P Package (DIP-8B)
G Package (SMD-8B)

PI-3491-111903

Figure 3. Pin Configurarion.

LinkSwitch-TN Functional
Description

LinkSwitch-TN combines a high voltage power MOSFET switch
witha power supply controllerin onedevice. Unlike conventional
PWM (pulse width modulator) controllers, LinkSwitch-TN uses
a simple ON/OFF control to regulate the output voltage. The
LinkSwitch-TN controller consists of an oscillator, feedback
(sense and logic) circuit, 5.8 V regulator, BYPASS pin under-
voltagecircuit, over-temperature protection, frequency jittering,
current limit circuit, leading edge blanking and a 700 V power
MOSFET. The LinkSwitch-TN incorporates additional circuitry
for auto-restart.

Oscillator

The typical oscillator frequency is internally set to an average
of 66 kHz. Two signals are generated from the oscillator: the
maximum duty cycle signal (DC,,, . } and the clock signal that
indicates the beginning of each cycle.

The LinkSwitch-TN oscillator incorporates circuitry that
introduces a small amonnt of frequency jitter, typically 4 kHz
peak-to-peak, to minimize EMI emission. The modulation rate
of the frequency jitter is set to | kHz to optimize EMI reduction
for both average and quasi-peak emissions. The frequency
jitter should be mcasured with the oscilloscope triggered at
the falling edge of the DRAIN waveform. The waveform in
Figure 4 illustrates the frequency jitter of the LinkSwirch-TN.

Feedback Input Circuit

The feedback input circuit at the FB pin consists of a low
impedance source followeroutput setat 1.65 V. Whenthe current
delivered intothis pin exceeds 49 pA, alow Jogic level (disable)
is generated at the output of the feedback circuit, This output
is sampled at the beginning of each cycle on the rising edge of
the clock signal. If high, the power MOSFET is turned on for
thatcycle (enabled), otherwise the power MOSFET remains off
(disabled). Since the sampling is done only at the beginning of
cach cycle, subsequent changes in the FB pin voltage or current
during the remainder of the cycle are ignored.

5.8 V Regulator and 6.3 ¥ Shunt Voltage Clamp

The 5.8 V regulator charges the bypass capacitor connected to
the BY PASS pinto 5.8 V by drawing a current from the voltage
on the DRAIN, whenever the MOSFET is off. The BYPASS
pin is the internal supply voltage node for the LinkSwitch-TN.
When the MOSFET is on, the LinkSwitch-TN runs off of the
energy stored in the bypass capacitor. Extremely low power
consumption of the internal circuitry allows the LinkSwiich-TN
to operate continuously from the current drawn from the DRAIN
pin. A bypass eapacitor value of 0.1 PF is sufficient for both
high frequency decoupling and energy storage.

In addition, there is a 6.3 V shunt regulator clamping the
BYPASS pinat 6.3 V when current is provided to the BY PASS
pin through an external resistor. This facilitates powering of
LinkSwitch-TN externally through a bias winding to decrease
the no-load consumption to about 50 mW.

BYPASS Pin Under-Voltage

The BYPASS pin under-voltage circuitry disables the power
MOSFET when the BYPASS pin voitage drops below 4.85 V.
Once the BYPASS pin voltage drops below 4.85 V, it must rise
back to 5.8 V to cnable (turn-on) the power MOSFET.

Over-Temperature Protection

The thermal shutdown circuitry senses the die temperature.
The threshold is set at 142 °C typical with a 75 °C hysteresis.
‘Whenthe die temperature rises above this threshold (142 °C) the
power MOSFET is disabled and remains disabled until the die
temperature falls by 75 °C, at which point it is re-enabled.

Current Limit
The currentlimit circuit senses the current inthe power MOSFET.

When this current exceeds the internal threshold (I > the

E
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Figure 4. Frequency Jitier.

power MOSFET is turned off for the remainder of that cycle.
The leading edge blanking circuit inhibits the current limit
comparator for a short time (1 .} after the power MOSFET
is turned on. This leading edge blanking time has been set so
that current spikes caused by capacitance and rectifier reverse
recovery time will not cause premature termination of the
switching pulse.

Auto-Restart (LNK304-306 only)

In the event of a fault condition such as output overload, output
short, oran open loop condition, LinkSwitch-TN enters into auto-
restart operation. An internal counter clocked by the oscillator
gets reset every time the FB pin is pulled high. If the FB pin
is not pulled high for 50 ms, the power MOSFET switching is
disabled for 800 ms. The auto-restart alternately enables and
disables the switching of the power MOSFET until the fault
condition is removed.

Applications Example

A 1.44 W Universal Input Buck Converter
The circuit shown in Figure 5 is a typical implementation of a

12 V, 120 mA non-isolated power supply used in appliance
control such as rice cookers, dishwashers or other white goods.
This circuit may also be applicable to other applications such
as night-lights, LED drivers, electricity meters, and residential
heating controllers, where a non-isolated supply is acceptable.

The input stage cotnprises fusible resistor RF1, diodes D3 and
D4, capacitors C4 and CS5, and inductor L2. Resistor RF1 is
a flame proof, fusible, wire wound resistor. It accomplishes
several functions: a) Inrush current limitation to safe levels for
rectifiers D3 and D4, b) Differential mode noise attenuation;
¢) Input fuse should any other component fail shoit-circuit
(component fails safely open-circuit without emitting smoke,
fire or incandcscent material).

The power processing stage is formed by the LinkSwitch-TN,
freewheeling diode DI, output choke LI, and the output
capacitor C2. The LNK304 was selected such that the power
supply operates in the mostly discontinuous-mode (MDCM).
Diode D1 is an ultra-fast diode with areverse recovery time (1 )
of approximately 75 ns, acceptable for MDCM operation. For
continuous conduction mode (CCM) designs, adiode withat_of
<35 nsisrecommended. Inductor L1 is a standard off-the- shelf
inductor with appropriate RMS current rating (and acceptable
temperature rise). Capacitor C2 is the output filter capacitor;
its primary function is to limit the output voltage ripple. The
output voltage ripple is a stronger function of the ESR of the
output capacitor than the value of the capacitor itself.

To a first order, the forward voltage drops of DI and D2 are
identical. Therefore, the voltage across C3 tracks the output
voltage. The voltage developed across C3 is sensed and regulated
via the resistor divider R1 and R3 connccted to Ul's FB pin.
The values of R1 and R3 are selected such that, at the desired
output voltage, the voltage at the FB pin is 1.65 V.

Regulation is maintained by skipping switching cycles. As the
output voltage rises, the current into the FB pin will rise. If
this exceeds I then subsequent cycles will be skipped until the
current reduces below 1. Thus. as the output load is reduced,
mere cycles will be skipped and if the load increases, fewer

A1
13.0 kQ
1%
AAA Py
ey
L R3 J_ C3
RF1 22.05 ka 10 uF D2
22,
ez.zvaz , l-rr2]H sl |op c1 Y 1% T 3BV 1N4GO5GP
—‘r_.l—E ThoonF —t 012V,
e 5] s L1 120 mA
1 mH
85265 1N4007 ca LinkSwitch-TN 280 mA A Cc2 > R4
VAC 47uF PR47uF  LNK304 D1 T 10F < 535%n
D4 400V 400V UF4005 16V
1N4007
o L1 ORTN
L%, PI-3757-1121C03

Figure 5. Universal Input, 12 V, 120 mA Constant Voltage Power Supply Using LinkSwirch-TN.
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LinkSwitch-TN

o~ C4 Cs5 ==

AC
INPUT

Optimize hatched copper areas ([=7_~ _A) for heatsinking and EMI.

PI-3750-683004

Figure 6. Recommended Printed Circuit Lavout for LinkSwitch-TN in a Buck Converter Configuration.

cycles are skipped. To provide overload protection if no cycles
are skipped during a 50 ms period, LinkSwitch-TN will enter
auto-restart (LNK304-306), limiting the average output power
to approximately 6% of the maximum overload power. Due to
tracking errors between the output voltage and the voltage across
C3 at light load or no load, a small pre-load may be required
(R4). For the design in Figure 5, if regulation to zero load is
required, then this value should be reduced to 2.4 k€.

Key Application Considerations
LinkSwitch-TN Design Considerations

Output Current Table

Data sheet maximum output current table {Table 1) represents
the maximum practical continuous output current for both
mostly discontinuous conduction mode {MDCM) and continucus
conduction mode (CCM)of operation that can be delivered from
a given LinkSwitch-TN device under the following assumed
conditions;

1) Buck converter topology.

2) The minimum DC input voltage is 270 V. The value of
input capacitance should be large enough to meet this
criterion.

3) For CCM operation a KRP* of 0.4.

4) Output voltage of 12 VDC.

5) Efficiency of 75%.

6) A catch/freewheeling diode with t <75 ns is used for
MDCM operation and for CCM operation, a dicde with
1, <35 ns is vsed.

7) The part is board mounted with SOURCE pins soldered
toa sufficient area of copper to keep the SOURCE pin
temperature at or below 100 °C.

*KRP is the ratio of ripple to peak inductor current.

LinkSwitch-TN Selection and Selection Between
MDCM and CCM Operation

Selectthe LinkSwitch-TN device, freewheeling diode and output
inductor that gives the lowest overall cost. In general, MDCM
provides the lowest cost and highest efficiency converter. CCM
designs require a larger inductor and ultra-fast (1, <35 ns)
freewheeling diode in all cases. It is lower cost to use a larger
LinkSwitch-TNinMDX_M than asmaller LinkSwitch-TNin CCM
because of the additional external component costs of a CCM
design. However, if the highest output currentis required, CCM
should be employed following the guidelines below.

Topology Options

LinkSwitch-TN can be used in all common topologies, with or
without an optocoupler and reference teimprove output voltage
tolerance and regulation. Table 2 provide a summary of these
configurations. For more information see the Application
Note — LinkSwirch-TN Design Guide.

Component Selection

Referring to Figure 5, the following considerations may be
helpful in selecting components for a LinkSwitch-TN design.

Freewheeling Diode D1

Diode DI should be an ultra-fast type. For MDCM, reverse
recavery time t_ <75 ns should be used at a temperature of
70°Corbelow. Slower diodes are not acceptable, as continuous
mode operation will always occur during startup, causing high
leading edge current spikes, terminating the switching cycle
prematurely, and preventing the output from reaching regulation.
If the ambient temperature is above 70 °C then a diode with
t_ <35 ns should be used.

For CCM an ultra-fast diode with reverse recovery time
1. <35 ns should be used. A slower diode may cause excessive
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A

High-Side 1. Output referenced to iput
Byck - . 2. Positive output (V) with respect to -V
Direct rsl oo 3 3. Step down -V <V,
Feedback 4. Low cost direct feedback {+10% typ.)
D S
VT LinkSwitch-TN
o
High-Side 1. Output referenced to input
Buck - 2. Positive output (V) with respect to -V,
Optocoupier 3. Step down -V, <V,
Feedback 5 [ + | 4. Optocoupler feedback
> - Accuracy only limited by reference
Vin Vo choice
- Low cost non-safety rated opto
> by - No pre-load required
5. Minimum no-load consumption
Low-Side o
Buck -
Optocoupler LinkSwitch-TN
Feedback Vin
1. Output referenced to input
2. Negative output (V) with respect to +V,
3. Stepdown -V, <V
Low-Side o- — 4. Optocoupler feec_ibgck
Buck — o ;% ,; - Arcl:cyracy only limited by reference
Constant § y choice
Current LED v LinkSwitch-TN 4 77 - Low cost non-safety rated opto
Driver - No pre-load required
- Ideal for driving LEDs
8 VF PI-3754-112103
R=—2
o]
High-Side
Buck Boost -
Direct
Feedback
+ D | -
Vin LinkSwitch-TN vo | 1. Output referenced to input
5 i 1— B 2. Negative output (V) with respect to +V
PI-3755-121002 3. Step up/down -V, >V orV <V
- - 4. Low cost direct feedback (x10% typ.)
High-Side W W2y 5. Fail-safe — output is not subjected to input
guc" t§°f3t - 2210 sense = 77 voltage if the internal MOSFET fails
onstan FB| Jap 1 Rsc -— 6. ldeal for driving LEDs — better accurac
T1, Oeee lq, =0 |6 !dealfor driving y
Current LED S,"_DLE I—')'I—I K J_ T TN and temperature stability than Low-side
Driver LinkSwitch-TN e NN Buck constant current LED driver
N 50;{/ 100 nF % kN
) IR
< _
PI-3779-120803

Table 2. Comnon Circuit Configurations Using LinkSwirch-TN. (continued on next page)
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Low-Side
Buck Boost —

LNK302/304-306

. Output referenced to input

+0

Optocoupler

fFeedback
LinkSwitch-TN

ol

’_“—l

-7 |

Ji\_[]
TN
o

PI-3756-111903

. Positive output (V) with respect to +V,
- Step up/down — V>V orV, <V,
. Optocoupler feedback
- Accuracy only limited by reference
chaoice
- Low cost non-safety rated opto
- No pre-load required
5. Fail-sate ~ output is not subjected to input
voltage if the internal MOSFET fails

i
WO |

AAM

Table 2 (cont). Common Circuit Configurations Using LinkSwitch-TN.

ieading edge current spikes, terminating the switching cycle
prematurely and preventing full power delivery.

Fast and slow diodes should never be used as the large reverse
recovery currents can cause excessive power dissipation in the
diode and/or exceed the maximum drain current specification
of LinkSwitch-TN.

Feedback Dicde D2

Diode D2 can be a low-cost slow diode such as the IN400X
series, however it should be specified as a glass passivated type
to guarantee a specified reverse recovery time. To a first order,
the forward drops of D1 and D2 should match.

Inductor L1

Choose any standard off-the-shelf inductor that meets the
design requirements. A*‘drum” or “dog bone” *I”’ core inductor
is recommended with a single ferrite element due to to its
low cost and very low audible noise properties. The typical
inductance value and RMS current rating can be obtained from
the LinkSwitch-TN design spreadsheet available within the
Pl Expert design suite from Power Integrations. Choose LI
greater than or equal to the typical calculated inductance with
RMS current rating greater than or equal to calculated RMS
inductor current.

Capacitor C2

The primary function of capacitor C2 is to smooth the inductor
current. The actual output ripple voltage is a function of this
capacitor’s ESR. To a first order, the ESR of this capacitor
should not exceed the rated ripple voltage divided by the typical
current Jimit of the chosen LinkSwitch-TN.

Feedback Resistors R1 and R3

The values of the resistors in the resistor divider formed by
R1 and R3 are selected to maintain 1.65 V at the FB pin. Itis
recommended that R3 be chosen as a standard 1% resistor of
2k£2. This ensures good noiseimmunity by biasing the feedback
network with a eurrent of approximately (.8 mA.

Feedback Capacitor C3

Capacitor C3 can be a fow cost general purpose capacitor. It
provides a “samplc and hold” function, charging to the output
voltage during the off time of LinkSwitch-TN. Its value should
be 10 pF to 22 pF; smaller values cause poorer regulation at
light load conditions.

Pre-load Resistor R4

In high-side, direct feedback designs where the minimum load
is <3 mA, a pre-load resistor is required to maintain output
regulation. This ensures sufficient inductor energy to pull the
inductor side of the feedback capacitor C3 to input return via
D2. The value of R4 should be selected to give a minimum
output load of 3 mA.

In designs with an optocoupler the Zener or reference bias
current provides a 1 mA to 2 mA minimum load, preventing
“pulse bunching” and increased output ripple at zero load.

LinkSwitch-TN Layout Considerations

In the buck or buck-boost converter configuration, since the
SOURCE pinsin LinkSwitch-TNare switching nodes, the copper
area connected to SOURCE should be minimized to minimize
EMI within the thermal constraints of the design.

In the boost configuration, since the SOURCE pins are tied
to DC return, the copper area connected to SOURCE can be
maximized to improve heatsinking.

The loop formed between the LinkSwitch-TN, inductor (L1),
freewheeling diode (D1), and output capacitor (C2) should
be kept as small as possible. The BYPASS pin capacitor
C1 (Figure 6) should be located physicaily close to the
SOURCE (S) and BYPASS (BP) pins. To minimize direet
coupling from switching nodes, the LinkSwitch-TN should be
placed away from AC input lines. It may be advantageous to
place capacitors C4 and C5 in-between LinkSwitch-TN and the
AC input. The second rectifier diode D4 is optional, but may
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be included for better EMI performance and higher line surge
withstand capability.

Quick Design Checklist

As with any power supply design, all LinkSwitch-TN designs
should be verified for proper functionality on the bench. The
following minimum tests are recommended:

1} Adequate DC rail voltage — check that the minimum DC
inputvoltage does not fall below 70 VDC at maximum load.
minimum input voltage.

2) Correct Diode Selection — UF400x series diodes are
recommended only for designs that operate in MDCM at
an ambient of 70 °C or below. For designs operating in
continuous conduction mode (CCM) and/or higherambients,
then a diode with a reverse recovery time of 33 ns or better,
such as the BYV26C, is recommended.

3) Maximum drain current - verify that the peak drain current
is below the data sheet peak drain specification under

worst-case conditions of highest line voltage, maximum
overload (just prior to auto-restart) and highest ambient
temperature.

4) Thermal check — at maximum output power, minimum
input vollage and maximum ambient temperature, verify
that the LinkSwitch-TN SOURCE pin temperature is
100 °C or below. This figure ensures adequate margin due
to vartations in Ry . . from part to part. A battery powered
thermocouplemeter is recommended to make measurements
when the SOURCE pins are a switching node. Alternatively,
the ambient temperature may be raised lo indicate margin
to thermal shutdown.

Ina LinkSwitch-TN design using a buck or buck boost converter
topoliogy, the SOURCE pin is a switching node. Qscilloscope
measurements should therefore be made with probe grounded
to a DC voltage, such as primary return or DC input rail, and
not to the SOURCE pins. The power supply input must always
be supplied from an isolated source (e.g. via an isolation
transformer).




LNK302/304-306

DRAIN Voltage ..o -0.3V1e700V
Peak DRAIN Current (LNK302)................200mA (375 mA)®
Peak DRAIN Current (LNK304)................. 400 mA (750 mA)®
Peak DRAIN Current (LNK303) 800 mA (1500 mA)®
Peak DRAINCurrent(1.NK306)................. 1400 mA (2600 mA )™

FEEDBACK VYoltage ..........ccccoovvvvnncnnennne 03Vie9V
FEEDBACK Current................cccoiiviiiniiins 100 mA
BYPASS Voltage ..........oooooveiiieriiviiincinn 03 Vito9oV
Storage Termperature ... iceninnnnn, -65°Cto150°C
Operating Junction Temperature™ ... -40°Cto 150°C
Lead Temperature'® ............ococvvnminicinnis e 260 °C

Notes:

1. All voltages referenced to SOURCE, T, = 25 °C.

2. The higher peak DRAIN current is allowed if the DRAIN
to SOURCE voltage does not exceed 400 V.

3. Normally limited by internal circuitry.

4. 1/16in. from case for 5 seconds.

5. Maximum ratings specified may be applied, one at a time,
without causing permanent damage to the product.
Exposure to Absolute Maximum Rating conditions for
extended periods of time may affect product reliability.

Thermal Imdace: P r G Package: Notes:
() TS 70 °C/W®, 60 °C/IW® 1. Measured on pin 2 (SOURCE) close to plastic interface.
(0,0 e 11 °C/W 2. Soldered to 0.36 sq. in. (232 mm?), 2 oz (610 g/m”) copper clad.
3. Soldered to 1 sq. in. (645 mm?), 2 oz. (610 g/m®) copper clad.
Conditions
Parameter Symbol | SOURCE=0V,T,=-4010125°C | Min | Typ | Max | Units
See Figure 7
(Unless Otherwise Specified)
Average 62 66 70
Output e T,=25°C 2 KHz
Frequency Peak-Peak Jitter 4
Maximum Duty DC,,, s2 Open 66 69 72 %
Cycle
FEEDBACK Pin
Turnoff Threshold e T,=25°C 30 49 68 pA
Current
FEEDBACK Pin
Voltage at Turnoff Veg 1.54 1.65 1.76 v
Threshold
V22V
I, (MOSFET Not Switching) 160 220 A
See Note A
DRAIN Supply FEEDBACK | LNK302/304 200 | 260
Current Open
s, (MOSFET LNK305 220 280 HA
Switching)
See Notes A, B LNK306 250 310
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Parameter

Conditions

SOURCE =0 V,' T‘J =-40 10 125°C
See Figure 7

(Unless Otherwise Specified)

Min

Typ

Max

Units

di/dt = 55 mA/us

I V=0V LNK302/304 5.5 -3.3 -1.8
BYPASS Pin o T,=25°C LNK305/306 | -7.5 4.6 25 .
Charge Current | V=4V LNK302/304 -3.8 2.3 -1.0

ore T,=25°C LNK305/306 | -4.5 -3.3 1.5
5;;2888 Pin v, 555 | 58 | 610 | v
BYPASSPin |y 08 | 095 | 12 | v
Voltage Hysteresis
BYPASS Pin
Supply Current lopsc See Note D 68 pA

T,=25°C 126 136 146
LNK302
di/dt = 250 mA/us
T,= 25°C 145 165 185
di/dt = 85 mA/us
T =25°C 240 257 275
. LNK304
dif/dt = 415 TA/ps 571 308 345
- I (See T,=25°C
Current Limit Noe E) PA—— mA
i/dt =75 mAljus
T,=25°C 350 375 401
LNK305
di/dt = 500 mA/us
T,=25°C 396 450 504
di/dt = 95 mA/us
T,=25°C 450 482 515
LNK306
difdt = 610 mA/us
T,=25°C 508 578 647
LNK302/304 280 360 475
Minimum On Time | 1, LNK305 360 460 610 ns
LNK306 400 500 675
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Conditions
Parameter Symboi | SOURCE=0V;T,=-4010125°C | Min | Typ | Max | Units
See Figure 7
(Unless Otherwise Specified)
Leading Edge T,=25°C
Blanking Time heo Sée Note F 170 218 e
Ig;;;‘;?; t%'::tdown T, 135 | 142 | 150 °C
Lt;zgzlsghutdown To See Note G 75 °C
LNK302 T,=25°C 48 55.2
I, =13 mA T,=100°C 76 88.4
LNK304 T,=25°C 24 27.6
ON-State . lo =25 mA T,=100°C 38 44.2 o
Resistance bSO LLNK305 T,=25°C 12 13.8
l, = 35 mA T,=100°C 19 22.1
LNK306 T,=25°C 7 8.1
I, =45 mA T,=100 °C 11 12.9
|LNK302/304 50
OFF-State Drain Vor =6.2V, Ve 22V, LNK305 70
Leakage Current foss VTDS_= ngooc\;/ ’ kA
.z LNK306 90
Breakdown Voltage| BV, Ver =$ '2_\4'5\/%22 V. 700 Vv
=
Rise Time t Measured in a Typical Buck 50 ns
Fall Time 1. Converter Application 50 ns
DRAIN Supply 50 y
Voltage
([))zltg;t Enable 1o See Figure 9 10 us
QOutput Disable - 0.5 s
Setup Time
Auto-Restart ; T,=25°C LNK302 Not Applicable -
ON-Time AR See Note H LNK304-306 50
Auto-Restart DG LNK302 Not Applicable - ”
(]
Duty Cycle AR LNK304-306 6

E
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NOTES:

A. Total current consumption is the sum of I, and |, when FEEDBACK pin voltage is =2 V (MOSFET not
switching) and the sum of |, and I ., when FEEDBACK pin is shorted to SOURCE (MOSFET switching).

B Since the output MOSFET is switching, it is difficult to isolate the switching current from the supply current at the
DRAIN. An alternative is to measure the BYPASS pin current at 6 V,

C. See Typical Performance Characteristics section Figure 14 for BYPASS pin start-up charging waveform.

D. This current is only intended to supply an optional optocoupler connected between the BYPASS and FEEDBACK

pins and not any other external circuitry.

E. Forcurrent limit at other di/dt values, refer to Figure 13.

F. This parameter is guaranteed by design.

G. This parameter is derived from characterization.

H. Auto-restart on time has the same temperature characteristics as the oscillator (inversely proportionaf to

frequency).

j

470 k2

52

01 uF

[?jm?
—

P1-3480-060204

Figure 7. LinkSwitch-TN General Test Circuit.
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PI-2048-033001

Figure 8. LinkSwitch-TN Duty Cvcle Measurement.
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Figure 9. LinkSwitch-TN Output Enable Timing.
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Typical Performance Characteristics
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PRI213-012301
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Figure 10. Breakdown vs. Temperature.
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Figure 12. Current Limit vs. Temperature at
Normalized di/dt.
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Figure 14. BYPASS Pin Start-up Waveform.
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Figure 1. Frequency vs. Temperature.
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Typical Performance Characteristics (cont.)
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Figure 16. C_ . vs. Drain Voltuge.

LinkSwitch Product Family
TN Series Number
Package Identifier
G Plastic Surface Mount DIP
P Plastic DiP

Lead Finish
J Blank | Standard (Sn Pb)
N

N Pure Matte Tin (Pb-Free)

Tape & Reel and Other Options
‘ Blank | Standard Configurations

-TL TL | Tape & Reel, 1 k pcs minimum, G Package only

l
l
L
[
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DIP-8B
@ID $1.004 (.10} 137 (3.48) Notes:
-E- R MINIMUM 1. Package dimensions conform to JEDEC specification
i | ‘—] MS-001-AB (Issue B 7/85) for standard dual-in-line (DIP)
package with .300 inch row spacing.
2. Controlling dimensions are inches. Millimeter sizes are
shown in parentheses.
24 (6.10) 3. Dimensions shown do not include mold flash or other
5‘6?(6'56) ) protrusions. Mold flash or protrusions shall not exceed
) . .006 (.15) on any side.

O 4. Pin locations start with Pin 1, and continue counter-clock-
wise to Pin 8 when viewed from the top, The notch and/or
dimple are aids in locating Pin 1, Pin 6 is omitted,

——L_J LI L1 L 5. Minimum metal to metal spacing at the package body for
the omitted lead location is ,137 inch (3.46 mm).
o .367 (9.32) - 6. Lead width measured at package body. .
. .387 (9.83) 7. Lead spacing measured with the leads constrained to be
.057 (1.45) perpendicular to plane T.
068 (1.73)
T H (NOTE 6)
125 (3.18) 015 (.38)
t I M :
-J= .
4 008 (20
PLANE .120 (3.05) i ’HHms 38
.140 (3.56) i
hu ———i ¥ 300 (7.62) BSC o
.100{2.54) BSC ! . 048 (1.22) P! (NOTET) : POSB
.053 (1.35) ' 300 (7.62)
14 (.36) E—
T 02Z(56) [RTEID S .010 (-25) Y 330 (3.97) PI-2551-121504

'sMD.-_s_B |

137 (3.48)
MINIMUM

I
i
E
i

372 (9.45)
D .388 (9.86)

EIES010(.25) |

s A= .

100 (2.54) (BSC)

240 (6.10)
260 (6.60)

.367 (9.32)

[

387 {9.83) |

057 (1.45)
1058 (1.73)
(NOTE 5)

125 (3.18)
.145(3.68)

L___|.o4s(1.22) N L.oos (23)

_032(81) J L 053 (1.35)

037 (.94)

Notes:
1. Controlling dimensione are
_ inches. Millimeter gizes are
l shown in parentheses,

2. Dimensions shown do not
include mold flash or other
protrusions. Mold flash or
protrusions shall not exceed
.006 (.15) on any side.

3. Pin locations start with Pin 1,
and continue counter-clock-
046 060 .060 .046 wise 1o Pin 8 when viewed
- |—~ from the top. Pin 6 is omitted.
. Minimum metal to metal
Pin 1 —‘IEI 080 spacing at the package body
T for the omitted lead location
086 i8 .137 inch (3.48 mm).
186 5. Lead width measured at
586 package body.
" 6. D and E are referenced
Sclder Pad Dimensions datums on the package
body.

.004 (.10)

5,004 (.10) ' 7
036 (0.91) 08’

012 (30)

044 (1.12) Go8B

PI-2546-121504
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Revision { Notes Date
C 1) Released Final Data Sheet. 3/03
D 1) Corrected Minimum On Time. 1/04
E 1) Added LNK302. 8/04
F 1) Added lead-free ordering information. 12/04
G 1) Minor error corrections. 3/05
2) Renamed Feedback Pin Voltage parameter to Feedback Pin Voltage at Turnoft Threshofd and
removed condition.

For the latest updates, visit our website: www.powerint.com
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NES55
SAS55 - SES55

GENERAL PURPOSE SINGLE BIPOLAR TIMERS

= LOW TURN OFF TIME

» MAXIMUM OPERATING FREQUENCY
GREATER THAN 500kHz

s TIMING FROM MICROSECONDS TO HOURS

s OPERATES IN BOTH ASTABLE AND
MONOSTABLE MODES

= HIGH OUTPUT CURRENT CAN SOURCE OR
SINK 200mA

» ADJUSTABLE DUTY CYCLE

a TTL COMPATIBLE

» TEMPERATURE STABILITY OF 0.005%
PER°C

DESCRIPTION

The NE555 monolithic timing circuitis a highly stable
controlier capable of producing accurate time delays
or oscillation. In the time delay mode of operation,
the time is precisely controlled by one extemal re-
sistor and capacitor. For a stable operation as an os-
ciltator, the free running frequency and the duty cy-

N
DIP8
(Plastic Package)

D
sO8
(Plastic Micropackage)

cle are both accurately controlled with two external ORDER CODES
resistors and one capacitor. The circuit may be trig- Part Temperature Package
gered and reset on falling waveforms, and the out- Number Range N D
put structure can source or sink up to 200mA. The E5 G 700 . .
NES555 is available in plastic and ceramic minidip gAS:: _40000' 71%5(1
package andin a 8-lead micropackage and in metal 00 ' OC * *
can package version. SESSS —85°C, 125°C . .
PIN CONNECTIONS (top view)
[: 1 8 :I 1 - GND
2 - Trigger
3 - Cutput
I: 2 7 _—_| 4 - Reset
5 - Control voltage
6 - Threshold
E 3 6 ] 7 - Discharge
I: j 8 - Vce

July 1998
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NES555/SA555/SE555

BLOCK DIAGRAM

Vst !
=7 I
| t
| kit |
: comP
THRESHOLD ———F DISCHARGE
CONTROL VOLTAGE | R
i FLIP-FLOA
| 5k Q
1 SoMp ourt
TRIGGER — .
| s
: INHIBIT
| RESET
|
|
|

SCHEMATIC DIAGRAM

CONTROL
VOLTAGE

THRESHOLD
COMPARATOR e
5

THRESHQOLD

RESET
DISCHARGE
GND
TRIGGER COMPARATOR FLIP FLOP
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vee Supply Voltage 18 \'
Toper | Operating Free Air Temperature Range for NE555 0to 70 °C
for SA555 —40 to 105
for SE555 —55 to 125
Tj | Junction Temperature 150 °C
Tsg | Sterage Temperature Range 65 to 150 °C

q
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NE555/SA555/SES55

OPERATING CONDITIONS
Symbol Parameter SES555 NE555 - SA555 Unit
Vee Supply Voltage 451018 4510 18 \Y
Vin, Virig, Vai, Vreset | Maximum Input Voltage Voo Vee v
ELECTRICAL CHARACTERISTICS
Tamb = +25°C, Vce = +5V to +15V (unless otherwise specified)
Symbol Parameter SES5S NESSS - SASSS Unit
Min. Typ. Max. Min. Typ. Max,
lec Supply Current (Ry =) (- note 1) mA
Low State Vee = +5V 3 5 3 6
Vce = +15V 10 12 10 15
High State  Vcc =5V 2 2
Timing Emror (monostable)
{Ra= 2k to 100kQ, C = 0.1uF)
Initial Accuracy - (note 2) 05 2 1 3 %
Drift with Temperature 30 100 50 ppm/°C
Drift with Supply Voltage 0.05 0.2 0.1 05 %V
Timing Error (astable)
(Ra, Re = 1k to 100kQ, C = 0.1pF,
Veo = +15V)
Initial Accuracy - (note 2) 1.5 2.25 %
Drift with Temperature 90 150 ppm/°C
Drift with Supply Voltage 0.15 0.3 %V
VeL Control Voltage level Vv
Vce = +15V 96 10 104 9 10 11
Vee = +5V 29 3.33 3.8 26 3.33 4
Vin Threshold Voltage v
Vce = +15V 94 10 10.6 88 10 11.2
Vee = +5V 27 3.33 4 24 3.33 4.2
lth Threshold Current - (note 3) 0.1 0.25 0.1 0.25 WA
Virig Trigger Voltage \'
Vce = +15V 4.8 5 52 4.5 5 56
Vge = +5V 1.45 1.67 1.9 1.1 1.67 22
hig Trigger Current (Viig = 0V) 05 0.9 0.5 2.0 pA
Vieset | Reset Voitage - {note 4) 04 07 1 04 0.7 1 v
leset | Reset Current 1 ma
Vieset = 10,4V 0.1 04 0.1 0.4
Vreset = OV 0.4 1 0.4 1.5
Voo Low Level Output Voltage v
Vee = +15V,  logsing = 10mA 0.1 0.15 0.1 0.25
losink) = S0mMA 0.4 05 04 0.75
Io(slnk) = 100mA 2 2.2 2 2.5
Voo = +5V, |0(5|nk) = 8mA 0.1 025 0.3 0.4
logsink) = 5mA 0.05 0.2 0.25 0.35
Von | High Level Output Voltage Vv
Vee = +15V,  losourcey = 200mA 12.5 12.5
Io(source) = 100MA 13 13.3 1275 | 13.3
Vee = +5V,  logsource) = 100mMA 3 3.3 275 3.3
Notes : 1. Supply current when output is high is typically 1TmA less.
2. Tested at Vee = +5V and Veg = +15V.
3. This will determina the maximum value of Ra + Rg for +15V operation the max total is R = 20MQ and for 5V operation
the max total R = 3.5MQ.
IS72 3110




NE555/SA555/SE555

ELECTRICAL CHARACTERISTICS (continued)

555 NE555 - SA555
Symbol Parameter SE - SAS Unit
Min. Typ. Max. Min. Typ. Max.
laiso | Discharge Pin Leakage Current 20 100 20 100 nA
{output high) (Vais = 10V)
Vidissaty | Discharge pin Saturation Voltage mv
{output low) - (note 5)
Voo = +15V, lys = 15mA 180 480 180 480
Veg = +5V, lgs = 4.5mA 80 200 80 200
tr Qutput Rise Time 100 200 100 300 ns
] Output Fall Time 100 200 100 300
tot Tumn off Time - (note 6) (Vresat = Vcc) 0.5 0.5 us

Notes : 5. No protection against excessive Pin 7 current is necessary, providing the package dissipation rating will not be exceeded.
6. Time mesaured from a positive going input pulse from 0 to 0.8x Vec into the threshold to the drop from high to low of the
output trigger is tied to treshold.

Figure 1 : Minimum Pulse Width Required for Figure 2 : Supply Current versus Supply Voltage
Trigering
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NE555/SA555/SES55

Figure 5: Low Output Voltage versus Output Figure 6 : Low Output Voltage versus Qutput
Sink Current Sink Current
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Figure 7: High Output Voltage Drop versus Figure 8 : Delay Time versus Supply Voltage
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Figure 9 : Propagation Delay versus Voltage
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NE555/SA555/SE555

APPLICATION INFORMATION

MONOSTABLE OPERATION

in the monostable mode, the timer functions as a
one-shot. Referring to figure 10 the extemal capaci-
tor is initially held discharged by a transistor inside
the timer.

Figure 10

Vgt = 510 18V
[og

The circut triggers on a negative-going input signal
when the level reaches 1/3 Vece. Once triggered, the
circuit remains in this state until the set time has
elapsed, even if it is triggered again during this in-
terval. The duration of the output HIGH stateis given
by t = 1.1 R1C1 and is easily determined by

figure 12.

Notice that since the charge rate and the threshold
level of the comparator are both directly proportional
to supply voltage, the timing interval is independent
of supply. Applying a negative pulse simultaneously
to the reset terminal (pin 4) and the trigger terminal
(pin 2) during the timing cycle discharges the exter-
nal capacitor and causes the cycle to start over. The
timing cycle now starts on the positive edge of the
reset pulse. During the time the reset pulse in ap-
plied, the output is driven to its LOW state.

When a negative trigger pulse is applied to pin 2, the
flip-flop is set, releasing the short circuit across the
external capacitor and driving the output HIGH. The
voltage across the capacitor increases exponen-
tially with the time constant T = R1C1. When the voit-
age across the capacitor equals 2/3 V¢, the compa-
ratorresets the flip-fiop which then discharge the ca-
pacitor rapidly and drivers the output to its LOW
state.

Figure 11 shows the aclual waveforms generated in
this mode of operation.

When Reset is not used, it should be tied high to
avoid any possibly or false triggering.

6/10

Figure 11
t=0.1ms/div

I 1 L
INPUT = 2.0V/div

OUTPUT VOLTAGE = 5.0V/div

AL
(L L1

CAPACITOR VOLTAGE = 2.0v/div
R1=9.1kQ, C1 = 0.01uF, R = 1kQ

Figure 12

(i_ o

) LA
1.0 Q:,' %L {////

N

0.1 ////%b/{(

o VAN

0.001 L/ / / / |

10 100 1.0 10 100 10 {tq)
ms s

ASTABLE OPERATION

When the circuitis connected as shown in figure 13
(pin 2 and 6 connected)itinggers itself and free runs
as a multivibrator. The extemal capacitor charges
through R1 and Rz and discharges through Rz only.
Thus the duty cycle may be precisely set by the ratio
of these two resistors,

In the astable mode of operation, C; charges and
discharges between 1/3 Ve and 2/3 Vee. As in the
triggered mode, the charge and discharge times and
therefore frequency are independent of the supply
voltage.

573




NES555/SA555/SES55

Figure 13

Vo =510 15V
e *91 10

Figure 14 shows actual waveforms generated in this
mode of cperation.

The charge time (output HIGH) is given by :
t1 =0.693 (R + R2} C4

and the discharge time {output LOW) by :
2 =0.693 (R2) C4

Thus the total period T is given by :

T=t1 +12=0.693 (R1 + 2R2) C1

The frequency ofoscillation is them :

o 1_ 1.44

T (R1+2R2) Cq

and may be easily found by figure 15.

The duty cydle is given by :

___Ra
D= R1 + 2R2
Figure 14
t=0.5ms / div

OUTPUT VOLTAGE = 5.0V/div

\

CAPACITOR VOLTAGE = 1.0V/div

R1=R2 =4.8kQ, C1=0.1uF, R_= 1kQ

7

Figure 15 : Free Running Frequency versus Rj,
Rz and Cq
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PULSE WIDTH MODULATOR

When the timer is connected in the monostable
mode and triggered with a continuous pulse train,
the output pulse width can be modulated by a signal
applied to pin 5. Figure 16 shows the circuit.

Figure 16 : Pulse Width Modufator.

-0 Voot
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Modulation
Input
C

=
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NE555/SA555/SE555

LINEAR RAMP

When the pullup resistor, Ra, in the monostable cir-
cuit is replaced by a constant current source, alinear
ramp is generated. Figure 17 shows a circuit con-
figuration that will perform this function.

Figure 17.

Figure 18 shows waveforms generator by the linear

ramp.
The time interval is given by :
2/3VecRe (R C
_ cc Re (R1+ Ry Vg = 0.6V
R1 Vee ~ Vee (R Ry
Figure 18 : Linear Ramp.
e
-~ N
L~ //
Vce = 5V Top trace : input 3V/DIV
Time = 20us/DIV Middle trace : output 5V/DIV
R1 = 47kQ2 Bottom trace : output 5V/DIV
Rz = 100kQ Bottom trace : capacitor voltage
Re = 2.7kQ 1vDIv
C = 0.01pF

8/10

50% DUTY CYCLE OSCILLATOR

For a 50% duty cycle the resistors Ra and Re may
be connected as in figure 19. The time preriod for the
output high is the same as previous,

t1 =0.693 Ra C.

For the outputlow it is t2 =

[(RaRg)/(Ra + Rg)] CLn [M ]
2Re — Ra

Thus the fi f oscillation is f =——
us the frequency of oscillation is P

Note that this circuit will not oscillate if Rg is greater

Figure 19 : 50% Duty Cycle Oscillator.
QO Ve
[\] RA
51k}

ﬁ:ooﬁf

than 1/2 Ra because the junction of Ra and Rp can-
not bring pin 2 down to 1/3 Vec and trigger the lower
comparator.

ADDITIONAL INFORMATION

Adequate power supply bypassing is necessary to
protect associated circuitry. Minimum recom-
mended is 0.1uF in parallel with 1F electrolytic.

q




NES55/SA555/SE555

PACKAGE MECHANICAL DATA
8 PINS - PLASTIC DIP

r_*’i_*
H =] | —
© — bl
BBl |]
iy e |
; | I
7 2 Z
D
M i1
8 5
[T
1 4
|
. . Millimeters Inches
Dimensions
Min. Typ. Max. Min. Typ. Max.
A 3.32 0.131
al 0.51 0.020 B
B 1.15 1.65 0.045 0.065
b 0.356 0.55 0.014 0.022
b1 0.204 0.304 0.008 0.012
D 10.92 0.430
E 7.95 9.75 0.313 0.384
e 2.54 0.100
el 7.62 0.300
ed 7.62 0.300
F 6.6 0260
i 5.08 0.200
L 3.18 3.81 0.125 0.150
Z 1.52 0.060 |
EYI 9/10
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NE555/SA555/SE555

PACKAGE MECHANICAL DATA
8 PINS - PLASTIC MICROPACKAGE (SO)

L
of <O %
T | ==
A Sy -
b || | e | s K l =
e3 l E |
D
e
(1 [1 f1 []] :
8 5
[ 11
1 4
. ¥
. . Millimeters Inches
Dimensions - -
Min. Typ. Max. Min, Typ. Max.
A , 1.75 0.069
al 0.1 0.25 0.004 0.010
a2 1.65 0.065
a3 0.65 0.85 0.026 0.033
b 0.35 0.48 0.014 0.019
b1 ' 0.19 0.25 0.007 0.010
C 0.25 0.5 0.010 0.020
¢l 45° (typ.)
D 4.8 5.0 0.189 0.197
E 5.8 6.2 0.228 0.244
e 1.27 0.050
e3 3.81 0.150
F 3.8 4.0 0.150 0.157
L 0.4 1.27 0.016 0.050
M 0.6 0.024
S 8° (max.)

Information fumished is believed to be accurate and reliable. However, STMicroelectronics assumes no responsibility for the
consequences of use of such information nor for any infringement of patents or other rights of third parties which may result
from its use. No license is granted by implication or otherwise under any patent or patent rights of STMicroelectronics. Spechi-
cations mentioned in this publication are subject to change without notice. This publication supersedes and replaces all infor-
mation previously supplied. STMicrcelectronics products are not authorized for use as critical components in life support
devices or systems without express written approval of STMicroelectronics.

© The ST logo is a trademark of STMicroelectronics

© 1998 STMicroelectronics - Printed in Italy - All Rights Reserved
STMicroelectronics GROUP OF COMPANIES
Australia - Brazll - Canada - China - France - Germany - ltaly - Japan - Korea - Malaysia - Malta - Mexico - Morocco
The Netherlands - Singapore - Spain - Sweden - Switzerland - Talwan - Thaitand - United Kingdom - U.S.A.
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Vishay Telefunken

Photo Modules for PCM Remote Control Systems

Available types for different carrier frequencies

yp vk : PR :
TSOP4130 30 kHz TSOP4133 33 kHz
TSOP4136 36 kHz TSOP4137 36.7 kHz
TSOP4138 38 kHz TSOP4140 40 kHz
TSOP4156 56 kHz
Description

The TSOP41.. — series are miniaturized receivers for
infrared remote control systems. PIN diode and
preamplifier are assembled on lead frame, the epoxy

package is designed as IR filter.

The demodulated output signal can directly be
decoded by a microprocessor. The main benefit is the
reliable function even in disturbed ambient and the

protection against uncontrolled output pulses.

Features

e Photo detector and preamplifier in one package
¢ Internal filter for PCM frequency

® Improved shielding against electrical field

disturbance

¢ TTL and CMOS compatibility

¢ QOutput active low

Block Diagram

Low power consumption

High immunity against ambient light
Enhanced data rate of 2400 bit/s

Operation with short bursts possible
(=6 cycles/burst)

3
Y
Input Control PVs
Circui
ircuit 30 KO
% 3 1
4 ouT
A PN P
Band Demodu-
AGC ™ Pass > lator K
—— 2
f o
9612226
Document Number 82135 www.vishay.com

Rev. 7, 29 Mar-01
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TSOP41.. —
Vishay Telefunken v
Absolute Maximum Ratings

Tamp = 25°C

Supply Voltage

Supply Current (Pin 3) Il mA
Output Voltage (Pin 1) Vo -0.3...6.0 Vv
Output Current (Pin 1) Io mA
Junction Temperature T; 100 °C
Storage Temperature Range Tstg -25...+85 C
Operating Temperature Range Tamb -25...+85 °'C
Power Consumption {Tamp = 85 °C) Piot 50 mw
Soldering Temperature t £ 10 s, 1 mm from case Teqd 260 °C

Basic Characteristics
Tamp = 25°C

Supply Current (Pin 2) Vs=5V,E, =0 iso | 0.8 | 1.1 | 1.5 | mA

Vg = 5V, E, = 40 kix, sunlight sH 14 mA
Supply Voltage (Pin 2) Vg 45 5.5 \'2
Transmission Distance E, = 0, test signal see fig.8, d 35 m

'R diode TSAL6200, I = 250 mA
Output Voltage Low (Pin 1) loL = 0.5 mA, VoL 250 mv

Ee =07 mW/m?2 f=f,
irradiance (30 — 40 kHz) Pulse width tolerance: t,; — 5/f, < Ee min 0.2 0.4 [mw/m2

oo < i + 5/f,, test signal see fig.8
Irradiance (56 kHz) Pulse width tolerance: t,; — 5/, < Ee min 0.3 | 0.5 [mW/m?2

tyo < 1 + 5/, test signal see fig.8
Irradiance Eemax | 30 W/m?2
Application Circuit

100 @2 *) +5V
2
TSOP41..
TSAL62.. *’f/ 1 uC
\:\ l-*)
3 O
16236 GND

*) recommended to suppress power supply disturbances
**) The output voltage should not be hold continuously at a voitage below 3.3V by the external circuit.

www.vishay.com
2(7)
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Suitable Data Format

The circuit of the TSOP41.. is designed in that way that
unexpected output pulses due to noise or disturbance
signals are avoided. A bandpassfilter, an integrator
stage and an automatic gain controt are used to
suppress such disturbances.

The distinguishing mark between data signal and
disturbance signal are carrier frequency, burst tength
and duty cycle.

The data signal should fullfilt the following condition:

» Carrier frequency should be close to center
frequency of the bandpass (e.g. 38kHz).

» Burst length should be 6 cycles/burst or longet.

« After each burst which is between 6 cycles and 70
cycles a gap time of at least 10 cycles is
neccessary.

¢ For each burst which is longer than 1.8ms a
corresponding gap time is necessary at some time
in the data stream. This gap time should have at
least same length as the burst.

e Upto 2200 shortbursts per second can be received
continuously.

Vishay Telefunken

Some examples for suitable data format are:

NEC Code, Toshiba Micom Format, Sharp Code, RC5
Code, RC6 Code, RCMM Code, R-2000 Code,
RECS-80 Code.

When a disturbance signal is applied to the TSOP41.,
it can still receive the data signai. However the
sensitivity is reduced to that level that no unexpected
puises will occure.

Some examples for such disturbance signals which
are suppressed by the TSOP41.. are:

» DC light (e.g. from tungsten bulb or sunlight)

» Continuous signal at 38kHz or at any other
frequency

* Signals from fluorescent lamps with electronic
ballast (an example of the signal modulation is
shown in the figure below).

[l it

T T T

0 5 10

time [ms]

IR Signal from Fluorescent Lamp with low Modulation

Document Number 82135
Rev. 7, 29 Mar-01

www.vishay.com
31



TSOP41..

Vishay Telefunken

v

Typical Characteristics (T;,p = 25°C unless otherwise specified)

1.0
£ ] S
Zz 08k
E I
: /0
g 06 —\
K 1
[
|
0.4 v —t
s " ,
u;ﬁf 02 f=fy+5%
Af(3dB)=1£/7
0.0 1 I |
07 08 9.9 1.0 1.1 12 1.3
94 9102 f/fo — Relative Frequency

Figure 1. Frequency Dependence of Responsivity
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’%‘ 0.25 —3-\.—-—-_[\
: I
% 0.20
3 7 Input burst duration
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2 015 '
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E* 0.10
a8 2 =950 nm,

optical test signal, fig,7
13_ 0.05 P g &
0
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12751 E, - Iradiance { mW/m?2 )

Figure 2. Pulse Length and Sensitivity in Dark Ambient

5.0 T T T

4.5 | Correlation with ambient light sources
( Disturbance effect): 10W/mZ =] 4kIx
4.0 (Stand.illum.A, T=2855K )= 8.2 klx

1.5 (Daylight, T=5900K ) ;

., /
Wi
/

Ambient, A = 950 nm

E, min — Threshold Irradiance (mW/m? )

15—
1.0 /_,/
0.5 s =
0
0.01 0.10 1.00 10.00 100.00
96 12111 E - DC Irradiance (W/m?)

Figure 3. Sensitivity in Bright Ambient
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Figure 4. Sensitivity vs. Electric Field Disturbances
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Figure 5. Sensitivity vs. Supply Voltage Disturbances
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Figure 6. Sensitivity vs. Ambient Temperature
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Figure 11. Supply Current vs. Ambient Temperature
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Ozone Depleting Substances Policy Statement

It is the policy of Vishay Semiconductor GmbH to
1. Meet all present and future national and international statutory requirements.

2. Regularly and continuously improve the performance of our products, processes, distribution and operating
systems with respect to their impact on the health and safety of our employees and the public, as well as their
impact on the environment,

Itis particular concem to control or eliminate reieases of those substances into the atmosphere which are known as
ozone depleting substances (ODSs).

The Montreal Protocol (1987} and its London Amendments (1990 }intend to severely restrict the use of ODSs and
forbid their use within the next ten years. Various national and international initiatives are pressing for an eartier ban
on these substances.

Vishay Semiconductor GmbH has been able to use its policy of continuous improvements to eliminate the use of
ODSs listed in the following documents.

1. Annex A, B and list of transitional substances of the Montreal Protocol and the London Amendments respectively

2.Class | and 11 ozone depleting substances in the Clean Air Act Amendments of 1990 by the Environmental
Protection Agency (EPA} in the USA

3. Council Decision 88/540/EEC and 91/690/EEC Annex A, B and C (transitional substances) respectively.

Vishay Semiconductor GmbH can certify that our semiconductors are not manufactured with ozone depleting
substances and do not contain such substances.

We reserve the right to make changes to improve technical design and may do so without further notice.
Parameters can vary in different applications. All operating parameters must be validated for each customer application
by the customer. Should the buyer use Vishay-Telefunken products for any unintended or unauthorized application, the

buyer shall indemnify Vishay-Telefunken against all claims, costs, damages, and expenses, arising out of, directly or
indirectly, any claim of personal damage, injury or death associated with such unintended or unauthorized use.

Vishay Semiconductor GmbH, P.O.B. 3535, D-74025 Heilbronn, Germany
Telephone: 49 {0)7131 67 2831, Fax number: 49 (0)7131 67 2423
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