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HIGH POWER LED EMERGENCY LIGHT
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2005

ABSTRACT

This project presents an emergency light system using high power LED. The
system comprises of battery charger and the LED driver circuits. The charger is
implemented from fly back converter and boost converters is function as the LED
drivers. When there is an interruption, the relay contact will change status.
Consequently, the LED drivers are connected to the battery and the LEDs are ignited.
Moreover this system is designed to operate in offline conditional.

This project studies the principle of fly - back converter and the boost converter.
The circuit's parameters have been designed and simulated in computer program. A

prototype is built for verifications.
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A5V 2.2 ULFAITHIALFUEININ Standard Wire Gauge (SWG)

Wire Standard Wire Gauge Wire Standard Wire Gauge
| Number Number {SWG)
: Gauge | in. mm. Gauge in. mm.
| 0000000(7/0) 0.5000 12.700 000000(6/0) 0.4640 11.786
00000 (5/0) 0.4320 10.973 0000 (4/0) 0.4000 10.160
000 (3/0) 0.3720 9.449 00 (2/0) 0.3480 8.8390
0 (1/0) 0.3240 8.230 1 0.3000 7.6200
2 0.2760 7.010 3 0.2520 6.4010
4 0.2320 5.893 5 0.2120 5.3850
6 0.1920 4.877 7 0.1760 4.4700
8 0.1600 4.064 9 0.1440 3.6580
10 0.1280 3.251 11 0.1160 2.9460
12 0.1040 2.642 13 0.0920 2.3370
’ 14 0.0800 2.032 15 0.0720 1.8290
16 0.0640 1.626 17 0.0560 1.4220
18 0.0480 1.219 19 0.0400 1.0160
20 0.0360 0.914 21 0.0320 0.8130
22 0.0280 0.711 23 0.0240 0.6100
24 0.0220 0.599 25 0.0200 0.5080
26 0.0180 0.457 27 0.0164 0.4170
28 0.0148 0.376 29 0.0136 0.3450
30 0.0124 0.315 31 0.0116 0.2950
32 0.0108 0.275 33 0.0100 0.2540
34 0.0082 0.234 35 0.0084 0.2130
a6 0.0075 0.193 37 0.0068 0.1730
38 0.0060 0.152 39 0.0052 0.1320
40 0.0048 0.122 41 0.0044 0.1120
42 0.0040 0.102 43 0.0036 0.0914
44 0.0032 0.0813 45 0.0028 0.0711
46 0.0024 0.0610 47 0.0020 0.0508
48 0.0016 0.0406 49 0.0012 0.0305
50 0.0010 0.0254 - - -
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212 MIAUANULL PI Controller

Controtier
Gys)
RSN
o i | plant
. i G (s)

UM 2.20 waasuRwnWURBNALIENa e Proportional plus Integral

NNINIUANLUUEREIBIWALLUUYIWNUE (Proportional plus Integral, Pl) iWia
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FwIuTEuudanavRz e iwnuasnawinaisa i

output = K je + K, _’: edt (2.9)
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qmamiT@‘fﬁmaamﬁnﬁzmumﬁﬁfm'mmuquLLmJ Pl

1. ns:mumm:ﬁé’uﬁugdﬂfu (Lﬁaamnmﬁmuqmw 1)

2. nezuamms lidmsasnaindoudlais eror) lumﬁmugmhmzmumﬁ:ﬁﬂ"}
dhgilmansuasmsaiuguiaia

3. mstiAwAT Kp ﬁ’wlﬁmwavauawaanﬁzmumigﬁu ($9497INNIZUIRNNT
AUANLUY PI) AT LIWNNTAEMSUNI9NATR FIN1IAOUAHEIUBINIZUIRNNSHAINN
S WLAE RN TN BIN I LIWM TAEAAR (Lﬁaamnm:mumﬁmuqmru*u )
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2.13 viaam High Power LED

Lambertian 20 % = 140° Batwing O = 140°

Side Emitting O = 180° Focusing 2 B =60°
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]
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Absolute Maximum Ratings ﬁa@’ﬁ’)ﬁﬁ 25
@159 2.5 LaA$eN Absolute Maximum Ratings VDINDAAUBRAATI I IF

Wil Lambertian

Parameter Symbol Rating Units
DC forward Current I 350 mA
Reverse Voltage Luise 1000 mA
Peak pulse current vV, 5 Vv
LED junction Temperature(at 350 mA) T, 125 ‘c
Operating Temperature Tepr -30 to +110 °C
Storage Temperature Toa -40 to +120 ‘c
Manual Scldering Time at 260 0C(max) T, 5 seconds |
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RFI suppression chokes

EV/EH series

Common mode suppression chokes

| HISCHAFFNer

safety for electronic systems

» Current rating up to S5A

» Broadband attenuation characteristics
s Low magnetic leakage flux

= UL rated materials

= ROHS compliant

RoHS
202/ 95/EC
MAl—
BY March 2005
Environmental ratings Typlcal etectrical schematic
Maximum continuous operating voltage: savasec B S o2
Power operating frequency. d¢ t0 400Hz @ 50°C
Overcurrent. 1.5% lngmina fOr 1 minute, once per hour O
High potential test voltage
winding-to-winding @ 25°C: 3000VAC, 60sec, guaranteed ) . )
2000V, 50Hz, 2s6€, factory test 4o L @3
Temperature range (operation and storage): -25%C to +100°C
Climatic class per {EC68: 25/100/21
Flammability corresponding to: UL94-VD
Tast conditions
Measuring frequency: o 10kHz, 5mA < 16pH;
S00pA > 16UH < T60UH;
50UA > 160pH < 16MH;
S0mV > 16mH < 160mH;
inductance tolerance +30%
Resistance: __ Tolerance max. +15% @ 25°C; <20mqQ, 1A,
> 20mE) < 200mE) 100ma; > 200me2 < 2y 10mA
Electrical characteristics: 253°C +2°C
Features and benefits Typicat applications
Common mode suppression chokes are u Current rating up lo 3A w [nput fillers for switch mode power
mainky nsed to Nliter noise on AC power lines.  a Compact and light weight snpplies

Noise on commercinl power lines could enter  w Low magoetic leakoge Mux Iilters to reduce leaking noise

the equipment arl disterb the proper fundion. = Sectional winding u TV's, VCWs, multimedia and audio
Noise generaicd by the equipment for example & Standard foot print cquipment

from switch mode power supplies need to he m Broail range of available inductances and » Offiee automation, communications
filtered and the spread of such generated crorent ratings and other electronic devices

noise need to be suppressed. Comuwon mode  m Custom speciflic vorsions = Electric ballast

suppression chokes together with line bypass  w SchalTher offers you also EMI measurcmem w AC/AC converters
capacitors building an AC EMI suppression service 10 verify that your design will pass

filter deviee. the requoired safety standards.



NCP1050, NCP1051,
NCP1052, NCP1053,
NCP1054, NCP1055

Monolithic High Volitage
Gated Oscillator Power
Switching Regulator

The NCP10583 through NCP1055 are monolithic high voltage
regulators that enable end product equipment to be compliant with low
standby power requirements. This device series combines the required
converter fonctions allowing a simple and economical power system
solution for office automation, consumer, and industrial products.
These devices are designed to operate directly from a rectified AC line
source. In flyback converter applications they are capable of providing
an output power that ranges from 6.0 W to 40 W with a fixed AC input
of 100V, 115V, or 230 V, and 3.0 W to 20 W with a varizble AC input
that ranges from 85 V to 265 V.

This device senies features an active startup regulator circuit that
climinates the need for an auxiliary bias winding on the converter
transformer, fanit detector and a programmable timer for converier
overload protection, unique gated oscillator configuration for extremely
fast loop response with double pulse suppression, power switch current
limiting, input undervoltage lockout with hysteresis, thermal shutdown,
and auto restart fault detection. These devices are available in
economical 8—pin dual-in—ine and 4-pin SOT-223 packages.
Features
¢ Startup Circuit Eliminates the Need for Transformer Auxiliary Bias

Winding
® Optional Auxiliary Bias Winding Override for Lowest Standby
Power Applications
Converter Output Overload and Open Loep Protection
Auto Restart Fault Protection
IC Thermal Fault Protection
Unique, Dual Edge, Gated Oscitlator Configuration for Extremely
Fast Loop Response

Reduced EMT

On—Chip 700 V Power Switch Circuit and Active Startup Circuit
Rectified AC Line Source Operation from 85 V to 265 V

Input Undervoltage Lockout with Hysteresis

Oscillator Frequency Options of 44 kHz, 100 kHz, 136 kHz
Typical Applications

& AC-DC Converters

¢ Wall Adapters

¢ Portable Electronic Chargers

* Low Power Standby and Keep—Alive Supplies

2 Semiconducter Components Industres, LLE, 2003 1
July, 2003 —Rev. 7

Oscillater Frequency Dithering with Controlled Stew Rate Driver for

Low Power Consumption Allowing European Blue Angel Compliance

ON Semiconductor®

http:/lonsemi.com

MARKING
DIAGRAMS
sL A d
DIP-8 NCP105XZ
8 CASE B26A B AWL
P SUFFIX O YYWW
! 1T
Pin: 1. Veo
2 Contral Input
3, 7-8. Ground
4, No Connection

5. Powear Switch Drain

ﬁ
4 SOT-223
” CASE 318E N5SXZ
1 ST SUFFIX ALYW
U U U
Pin: 1. Voo
2. Control tnput
3. Power Switch Drain
4. Ground

X = Current Limit {0, 1, 2, 3, 4, 5}
z = Osclllator Frequency (A, B, C)
A = Assembiy Location

WL, L =Wafer Lot

YY.Y =Year

WW, W = Work Week

ORDERING INFORMATION
See detalled ardering and shipping information on page 22 of
thiz data shaat,

Publication Order Number:
NCP1050/D



NCP1050, NCP1051, NCP1052, NCP1053, NCP1054, NCP1055

o—e—Ppt ' + . .
AC Line LH— +l Snubber
Input Converter
v F . DC Output
.
e oo . Pover Svitch Circuit Output 5
I |
vee | ‘
cc Startup & Ve |
. 01 | Regulator Circuit :
I : i al Power |
= l Fauit Detector - Switch |
| i }
Control Input_ 2 | Oscillator & I
Gating Logic |
|

Pin Function Dascription

Figure 1. Typical Application

Pin Pin
{SO0T-223) {DIP-8} Function Deacription

1 1 Vee This is the positive supply voltage input. During startup, power is supplied to this input
from Pin 5. When V¢ reaches Vec(on), the Startup Clrcuit turns off and the output is
allowed to begin switching with 1.0 V hysteresis on the Vg pin. The capacitance
connected to this pin programs fault timing and frequency modulation rata.

2 2 Contral Input Thea Power Switch Cireuit is turned off when a current greater than approximately
50 pA is drawn out of or applied to this pin. A 10 V clamp is bullt onto the chip to
protect the device from ESD damage or overvoltage conditions.

4 3,78 Ground This pin is the control circuit and Power Switch Circuit ground. It is part of the
integrated circuit lead frame.

- 4 No Connection

3 5 Power Switch This pin is designed to directly drive the converter transformer primary, and intemalty

Draln connects to Power Switch and Startup Circult.

http://onsemi.com
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NCP1050, NCP1051, NCP1052, NCP1053, NCP1054, NCP1055

. . .
Snubber
Input Converter

DC Output

b
(3]
C

a2 ©

el
+

y

i

Power Switch Circuit Output cl,

Startup

StartupVee R - Circuit
arty
0V piVce heg ]

I

[

I

| y

| = ™ Fault Internal

| + Detector Bias
7.5/85V

Voe Bypass/ T
Fault Timi = ;
Vz: SWFZB? i T s E:tuclé Power
Control Undervoitage Tharmal Switch
Lockout Shutdown Q Circuit
N R Driver J D—AL
+ L
4.5V ‘ =
Voo :_[ —D -

Oscillator

ly=10
48 4 (§ H=TOpA I Tumon

Tum Off
- R Latch
—
> N Q Ck
26V T \ 8 o
< ~__J
=Dl
Leading Edge [
Blanking
Currant Limit +
Comparator
L
- RsENSE s

]

Figure 2. Reprasentativa Block Diagram

http://onsemi.com
3



NCP1050, NCP1051, NCP1052, NCP1053, NCP1054, NCP1055
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NCP1050, NCP1051, NCP1052, NCP1053, NCP1054, NCP1055
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NCP1050, NCP1051, NCP1052, NCP1053, NCP1054, NCP1055

MAXIMUM RATINGS {Note 1)

Rating Symbol Value Unit
Power Switch and Startup Circuit
Drain Voltage Range Vns ~-03te700 v
Drain Current Peak During Transformer Saturation Ips(pk) 2.0 lim Max A
Power Supply/Vcc Bypass and Control Input
Voltage Range ViR -03t010 \4
Current Imax 100 mA
Thermal Characteristics “Cw
P Suffix, Plastic Package Case 626A-01
Junction—-to-Lead RuuL 8.0
Junction-to-Air, 2.0 Oz. Printed Circuit Copper Clad Ruga
0.36 5q. Inch 77
1.0 Sg. Inch 60
ST Suffix, Plastic Package Case 318E-04
Junction-to—Lead RuaL 14
Junclion-to-Air, 2.0 Oz. Printed Circuit Copper Clad Rgja
0.36 Sq. Inch 74
1.0 8q. Inch 55
Operating Junction Tamperature Ty —-40 to +150 °C
Storage Temperature Tatg —65to +150 °C

1. Maximum Ratings are those values beyond which damage to the device may occur. Exposure to these conditions or conditions beyond those
indicated may adversely affect device rellability. Functional operation under absolute maximum-—rated conditions is not implied. Functional
operation should be restricted to the Recommended Operating Canditions.

A. This device series contains ESD protection and exceeds the following tests:
Pins 1-3: Human Body Maodei 2000 V per MIL-5TD—-883, Method 3015.
Machine Model Method 400 V.
Pin 5: Human Bady Modef 1000 V per MIL-STD-883, Method 3015.
Machine Model Mathod 400 V.,
Pin 5 is connected to the power switch and start~up circuits, and is rated onty to the max voltage of the part, or 700 V,
B. This device contains Latch—up protection and exceeds * 100 mA per JEDEC Standard JESD7S.

http://onsemi.com
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NCP1050, NCP1051, NCP1052, NCP1053, NCP1054, NCP1055

ELECTRICAL CHARACTERISTICS (vcc = 8.0V, for typical values T, = 25°C, for minfmax values, 7, is the operating junction
temperature range that applies {Note 2), unless otherwise noted.)

I Charactaristics Symbol J Min l Typ ’ Max l Unit
OSCILLATOR
Frequency (Voo = 7.5 V) fOSC(Icm) kHz
Ty =25°C:
A Suffix Device 38 42.5 47
B Suffix Device 87 g7 107
C Suffix Device 119 132 145
T = Tigw t0 Thigh
A Suffix Device 37 - 47
B Suffix Devica 84 - 107
C Suffix Devica 113 - 145
Frequency (Vpe = 8.5 V) fOSC(high) kHz
Ty = 25°C;
A Suffix Davice 41 455 50
B Suffix Device 53 103 13
C Suffix Device 126 140 154
T = Tiow 10 Thigh
A Suffix Davice 39 - 50
B Suflix Device S0 - 113
C Suffix Device 120 - 154
Frequency Sweep Ve = 7.5 VIo B5 V, T, = 25°C) %fosc - 5.0 - %
Maximum Duty Cycle Dimaxy 74 77 80 %
CONTROL INPUT
Lower Window Input Current Threshold pA
Switching Enabled, Sink Current Increasing lof{low) -58 -47.5 -37
Switching Disabled, Sink Current Decreasing lon(iow) -50 -37.5 -25
Upper Window Input Current Threshold
Switching Enabled, Source Current Increasing bt high} 37 47.5 58
Switching Disabled, Scurce Current Decreasing Ton(high) 25 375 50
Control Window Input Voltage v
Lower (lginy = 25 pA) Viow 1.1 1.35 1.8
Upper (lsource = 25 pA) Vhigh 4.2 4.6 5.0

2. Testad junction temperature range for the NCP105X series:

Tiw = —40°C Thigh = +125°C

hitp:/fonsemi.com
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NCP1050, NCP1051, NCP1052, NCP1053, NCP1054, NCP1055

ELECTRICAL CHARACTERISTICS (Vi = 8.0 V, for typical values T, = 25°C, for min/max values, T, is the operating junction
temperatura range that applies {Note 3), unless otherwisa noted.)

l Characteristics Symbol ] Min ’ Typ I Max ’ Unit |
POWER SWITCH CIRCUIT
Power Switch Circuit On—State Resistance Rpsion) Q
NCP1050, NCP1051, NCP1052 (Ip = 50 mA)
T,=25C - 22 30
T,=125°C - 42 55
NCP1053, NCP1054, NCP1055 {Ip = 100 mA)
T,=25C - 10 15
T,=125C - 23 28
Power Switch Circuit & Startup Breakdown Voltage VBRIDS 700 - - v
{ip(om = 100 pA, Tp = 25°C)
Power Switch Circuit & Startup Circuit Off-State Leakage Current lpstof LA
{(Vpg=650V) T,=25C - 25 40
T, =125°C - 15 B0
Switching Characteristics (R = 50 , Vpsg set for Ip = 0.7 lijm) ns
Turn—on Time {90% to 10%}) tan - 20 -
Tum—off Time (10% to 90%) tas - 10 -
CURRENT LIMIT AND THERMAL PROTECTION
Current Limit Threshold (T, = 25°C} {Note 8) liim mA
NCP1050 93 100 107
NCP1051 186 200 214
NCP1052 275 300 321
NCP1053 372 400 478
NCP1054 493 530 567
NCP1055 632 680 728
Convarsion Pawer Devlation (T, = 25°C) {Note 7) Pfose - 0 10 %AZHZ
Propagation Delay, Currant Limit Threshold to Power Switch Circuit Output tpth ns
NCP1050, NCP1051, NCP1052 - 135 -
NCP1053, NCP1054, NCP1055 - 160 -
Thermal Protection (Ve = 8.6 V) (Note 3, 4, 5) °C
Shutdown (Junction Temperature Increasing) Teq 140 160 -
Hysteresis (Junction Temperature Decreasing) T4 - 75 -
STARTUP CONTROL
Startup/Vcc Regulation v
Startup Threshold/Vc Regulation Peak (V¢ Increasing) Vec(on) 8.0 B.5 9.0
Minimum Operating/Vee Valley Voltage After Turn-0On Vecof 7.0 7.5 B.0
Hysteresis Vy - 1.0 -
Undervoltage Lockout Threshold Vollage, Vo Decreasing Vecireset) 4.0 4.5 50 v
Startup Circuit Output Current {Power Switch Clrcuit Qutput = 40 V) lgtan mA
Vee=0V
T;=25C 5.4 6.3 7.2
T, =-401t0125°C 4.5 - 8.0
VCC = VCC(CI'I) -02V
T,=25C 4.6 5.6 6.6
T,)=-40to 125°C 35 - 7.0
Minimum Start-up Drain Voltage {lgan = 0.5 mA, Vce = Viegiony — 0.2 V) Vstart(min} - 13.4 20 v
Output Faultt Condition Auto Restart
(Vo Capacitor = 10 pF, Power Switch Circuit Output = 40 V)
Average Switching Duty Cycle D - 6.0 - %
Frequency frst - 35 - Hz

3. Tested junction temperature range for tha NCP 105X saries:
Tiow = —40°C Thigh = +125°C
. Maximum package power dissipation limits must be observed.
. Guseranteed by design only.
. Adjust di/dt to reach lyy, in 4.0 psec.
. Consult factory for additional options including test and frim for output power accuracy.

~ vk
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NCP1050, NCP1051, NCP1052, NCP1053, NCP1054, NCP1055

ELECTRICAL CHARACTERISTICS (Ve = 8.0V, for typical values T; = 25°C, for min/max values, T, is the operating junction

temperature range that applies (Note 8), unless otherwise noted.)

Characteristics Symbol | Min [ Typ I Max | Unit |
TOTAL DEVICE
Power Supply Current Aftar UVLO Turn—On (Note 9) mA
Power Switch Circuit Enabled leen
NCP1050, NCP1051, NCP1052
A Suffix Device 0.35 0.45 0.55
B Suffix Device 0.40 0.50 0.60
C Suffix Davice 0.40 0.525 0.65
NCP1053, NCP1054, NCP1055
A Suffix Device 0.40 0.50 0.80
B Suffix Device 0.45 0.575 0.70
C Suffix Device 0.50 0.65 0.80
Power Switch Circuit Disabled
MNon~Fauli Condition lccz 0.35 0.45 0.55
Fault Condition lcea 0.10 0.175 0.25

8. Tested junction temperature range for the NCP105X sertes:
T|w =-40°C Thjgh = +125"C
9. See Non-Latching Fault Condition Timing Diagram in Figure 4.
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NCP1050, NCP1051, NCP1052, NCP1053, NCP1054, NCP1055
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NCP1050, NCP1051, NCP1052, NCP1053, NCP1054, NCP1055
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NCP1050, NCP1051, NCP1052, NCP1053, NCP1054, NCP1055
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1N4001, 1N4002, 1N4003,
1N4004, 1N4005, 1N4006,
1N4007

1N4004 and 1N4007 are Preferred Devices

Axial Lead Standard
Recovery Rectifiers

This data sheet provides information on subminiature size, axial
lead mounted rectifiers for general—purpose low—power applications.

ON Semiconductor®

hitp://onsemi.com

LEAD MOUNTED RECTIFIERS
Features 50-1000 VOLTS
* Shipped in plastic bags, 1000 per bag DIFFUSED JUNCTION
* Available Tape and Reeled, 5000 per reel, by adding a “RL" suffix to
the part number e e et .
® Available in Fan—Fold Packaging, 3000 per box, by adding a “FF”
suffix to the part number
® Pb-Free Packages are Available

Mechanical Characteristics

* (Case: Epoxy, Molded
* Weight: (.4 gram {(approximately) CASE 59-10

® Finish: All External Surfaces Corrosion Resistant and Terminal AXIAL LEAD
Leads are Readily Solderable PLASTIC

® | .ead and Mounting Surface Temperature for Soldering Purposes:
260°C Max. for 10 Seconds, 1/16 in. from case

¢ Polarity: Cathode Indicated by Polanty Band MARKING DIAGRAM

A
TN400x
i
YYWWe

A = Assembly Location
1N400x = Davicea Number

% 1,2,3,4 5607

YY Year
WW = Work Week
. = Pb~Free Package

{Note: Microdot may be in either location)

ORDERING INFORMATION

See detailed ordering and shipping information on page 4 of
this data shest,

Preferred davices are recommended choices for fulure use
and best overall value.

*For additional information on our Pb—Free strategy and soldering details, please
download the ON Semiconductor Soldering and Mounting Techniques
Reference Manual, SOLDERRM/D.

@ Samcm;;.nclur Camﬁ.:»n;snts Iﬁduslrres. LLC, 2005 1 [.’L.Iblit;.:a.ﬁon Crder Nl;lmbén
August, 2005 — Rev. 12 1N4001/D



1N4001, 1N4002, 1N4003, 1N4004, 1N4005, 1N4006, 1N4007

MAXIMUM RATINGS

Rating Symbol | 1N4001 | 1N4002 | 1N4003 | 1N4004 | 1NADDS | 1N40DE | 1N40O7 | Unit
TPeak Repetitive Reverse Voltage VRRrM 50 100 200 400 600 800 1000 v
Working Peak Reverse Voltage VRwWM
DC Blocking Voltage VR
tNon-Repetitive Peak Revarse Voltage VRSM &0 120 240 480 720 4000 1200 \'
{halfwave, single phase, 60 Hz)
1RMS Reverse Voltage VR(RMS) 35 70 140 280 420 560 700 v
tAverage Rectified Forward Curent g 1.0
{single phase, resistive load,
80 Hz, Ty = 75°C)
TNon-Repetitive Peak Surge Current lrsm 30 (for 1 cyde) A
{surge applied at rated load conditions}
Operating and Storage Junction Ty -85 ta +175 °C
Temperature Range Tstg

Maximum ratings are those values beyond which devica damage can occur. Maximum ratings applied to the device are individual stress limit
values (not normat operating conditions) and are not valid simultanecusly. If these limits are exceeded, device functional operation is not implied,

damage may occur and reltability may be affected.

ELECTRICAL CHARACTERISTICSt

Rating Symbol Typ Max Unit
Maximum Instantaneous Forward Voltage Drop, {ig = 1.0 Amp, T = 25°C) VE 0.93 1.1 v
Maximum Full-Cycle Average Forward Voltage Drap, {Ig = 1.0 Amp, T| = 75°C, 1 inch leads) VE(av) - 0.8 v
Maximum Reverse Cumrent {rated DC voltage) In rA
(T;=25°C) 0.05 10
(T, =100°C} 1.0 50
Maximum Full-Cycle Avarage Raverse Current, {Ig = 1.0 Amp, T, = 75°C, 1 Inch leads) tr(av) - 30 rA

ttndicates JEDEC Registered Data
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lengths at 5 Ibs., (2.3kg) tension
Weight: 0.33 gram

ISC 1N5817 THRU 1N5819
$ 1.0 AMP. Schottky Barrier Rectifiers
Voitage Range
Py 20 to 40 Voits
B " Gurrent
1.0 Ampers
DO-41
Features -
< Low forward voltage drop
<% High current capability
< High reliability 072
<% High surge current capability -:‘Elag 3 T
Mechanical Data g | fot—
4+ Cases: Molded plastic DO-41 u 205(52)
<% Epoxy: UL 84V-0 rate flame retardant A6 Ha
<% Lead: Axial leads, solderable per MiL-
STD-202, Method 208 guaranteed
< Polarity: Color band denotes cathode end o
< High temperature soldering guaranteed: o o S|
% 250°C/10 seconds/.3757,(9.5mm) lead DiA. I
¢.

Dimensions in inches and (millimeters)

For capacitive load, derate current by 20%

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

Type Number INSB1T 1N5818 1N5819 Units
Maximum Recurrent Peak Reverse Vollage 20 30 40 \
Maximum RMS Vollage 14 21 28 v
Maximum DC Blocking Voltage 20 30 40 v
Maximum Average Forward Rectified Currant
375 (9.5mm) Lead Length @T, = 90°C 1.0 A
Peak Forward Surge Curmrent, 8.3 ms Single
Half Sine-wave Superimposed on Raled Load 25 A
{(JEDEC meathod )

Maximum Instantaneous Forward Voitage 0.45 00.650 0.600 \

@ 1.0A

Maximum Instantaneous Forward Voltage 0.750 0.875 0.900 A

@ 3.0A

Maximum DC Reversa Curant @ T.=25°C 1.0 mA

at Raled DC Blocking Voitage @ T,=100°C 10 mA,

Typical Thermal Rasistance (Note 1) R8JA 50 *CIwW
ReJC 12

Typical Junction Capacitance {(Note 2) 110 pF

Operating Temperalure Range T, -65to +125 °C

Storage Temperature Range Tsye -65 to +125 °C

Notes: 1. Thermat Resistance from Junction to Ambient Vertical PC Board Mounting, 0.375"{9.5mm) Lead Length.
2. Measured at 1 MHz and Appilied Reverse Voltage of 40V D.C.
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SHARP

PC817 Series

PC817 Series

# Lead forming type (Itype ) and taping reel type

s TUV (VDE0384 ) approved type is alsn available as an option.

N Features
1. Current transfer ratio
(CTR: MIN. 50% at Iy= 5mA ,Vc=3V)
2. High isolation voltage between input and
output (Ve : 5 000V )
3. Compact dual-in-line package
PC817 : 1-channel type
PC827 : 2-channel type
PCB837 - 3-channel] type
PC847 : 4-channel type
4. Recognized by 1L, file No. E64380

High Density Mounting Type
Photocoupler

(P type ) are also available. (PCBiTI/PCB1TP )

W Applications

1. Computer terminals

2. System appliances, measuring instruments

3. Registers, copiers, automatic vending
machincs

4. Electric home appliances, such as fan
heaters, etc.

5. Signal transmission between circuits of
different potentials and impedances

N Outline Dimensions { Unit : mm)
PCB17 _ PC827 y
254025 Internal connection diagram _%_2_54*025 Intemal connection diagram
I R Hmer. Apes
A S EEE
I .y ﬂ H Anote | 8 §a ‘.{
Anode mark 2 ‘f fE"] mark ': - ;' - ® [H] [H]
@|l@ T©d 0|2 .3 @ OD2DD 1y Awde
o gioz H.pp222 @@ Cathade
R in 3 3
1.2+04 EXD Emiter
B@ Collector
. © +0.5
E o ?.5.;.1 " @ Anode
Sl i @ Cathode
Ji I i @ Emitter
By Al @ Colestar
g 05*01 ‘
PC837 ! .
Internal cannection Internal connection
-; 9 54<035 diagram diagram
tlolo oo O @@%_@% PGEBRD 0O
R ti [VARVILVIRY,
fe:] 24 :=] +«+
SRR St PP P
0w D T @3@@2@@&@ P EEEEEE)
e
Qi@ f?z@ ®e (@A Calhode
0.9+% D@ (D Emitter
12203 B2 Collector

8= 0t 13"

@EIEHE Emitter
4434 Coltector

* In the absance of confirmation by device spediication shaets, SHARP takas no respansitility for any defacts (hal oczur in equipmert using ey of SHARP's devices, shown in tatalogs,
data books, Bt Conlact SHARF In croer 1o obiain e lalest version of tha device specificalion sheets befare using any SHARP's dewice.




SHARP PC817 Series

W Absolute Maximum Ratings {Ta=25"C)
Parameter Symbol Rating Unit
Forward current [F 50 A
"'Peak forward current Irm 1 A
[npat
Reverse voltage Vg 6 A
Power dissipation 3 70 mW
Collector-emitier voltage Vero 35 v
Emiticr-collector voltage Veco 6 v
Cutput
Collector current Ic 50 mA
Collector power dissipation P 150 mw
Total pawer dissipation P 200 mW
“[solation voltage Vs 5000 V o
Operating temperature T ope - 30to + 100 C
Storage temperature T wg -55to +125 °C
"*Soldering temperature T ot 260 °C

*1 Pulse width<=100ps, Duty ratio : 0.00}
*2 40 1w 60% RH, AC for 1 mipute
*1 Far 10 seconds

B Electro-optical Characteristics {Ta= 25°C)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Forward voliage Vr Iy = 20mA - 1.2 1.4 A
nput Peak forward vollage Vi [my = 0.5 - - 30 A%
Reverse current [p. Ve=4V - - 10 HA
Terminal capacitance C ¥=10,1= lkHz - 30 250 pF
Output | Collector dark current [cro Vir= 20V - - 19’ A
“*Current transfer ratio CTR lp=5mA, Ve =35V 50 - 600 %
Collzctor-emiter sanuradion vollage V (Eun I = 20mA, I c= 1mA - 0.1 0.2 v
Transfer | Isoiation resislance Riso NC5N0Y, 40 to 6% RH Sx10® | 10" - o]
charac- | Floating capacitance Cr V=0, f=1MHz - 0.6 1.0 pF
teristics | Cut-off frequency £ Ve =5V.1c=ImA, R1= 100, - 3B - 80 - kHz
Response time Rise l':me l’ V=2V, [ = 2mA, Ru= 100102 - i s e
Fail time ir - 3 13 HE
*4 Classification lable of current transfer ratio is shown below. Fig. 1 Forward Current vs.
Ambient Temperature
60
Model No. Rank mark CTR (%}
PCA17A A 80 to 160 30
PC817B B 130 10 260 — \
PCB17C C 200 10 400 Eow \
PCB17D D 300 10 600 = \
PCB®TAB AorR 80 to 260 E 3
PCB®8TBC BorC £30 10 400 o \
PCB#7CD CorD 20010 600 "g 2 \
PCB®TAC A, BorC 80 to 400 =
PCB#7BD B,CorD 130 to 600 10
PCBSTAD A,B CorD 80 to 600 o
PC3#7 A, B, C.D or No mark 50 to 600 -25 0 25 s 7B 10 125

®: lar2ordord Ambient remperature T, {*C)




TL431, A, B Series,
NCV431A

Programmable
Precision References

The TL431, A, B integrated circuits are three—terminal
programmable shunt regulator diodes. These monolithic IC voltage
references operate as a low temperature cocfficient zener which is
programmable from Vier to 36 V with two external resistors. These
devices exhibit a wide operating current range of 1.0 mA to 100 mA
with a typical dynamic impedance of 0.22  The characteristics of
these references make them excetlent replacements for zener diodes in
many applications such as digital voltmeters, power supphics, and op
amp circuitry. The 2.5 V reference makes it convenient 1o obtain a
stable reference from 5.0 V logic supplies, and since the TL431, A, B
operates as a shunt regulator, it can be used as either a positive or
negative voltage reference.

Features

® Programmable Output Voltage to 36 V

® Voltage Reference Tolerance: £0.4%, Typ @ 25°C (TL431B)

¢ Low Dynamic Output Impedance, 0.22 £2 Typical

® Sink Current Capability of 1.0 mA to 100 mA

® Equivalent Full-Range Temperature Coefficient of 50 ppmy°C
Typical

® Temperature Compensated for Operation over Full Rated Operating

Temperature Range

Low Qutput Noise Voltage

Pb—Free Packages are Available

© Semiconductor Companents Indusites, LLC, 2005 1
July, 2005 — Rev. 22

ON Semiconductor®
http:/fensemi.com
TO-82 (TO-226)
LP SUFFIX
CASE 29

¢74  Pin 1. Reference
Ty 2 Anode
3 3. Cathods

PDIP-8
P SUFFIX
CASE 826

Microd™
DM SUFFIX
CASE 846A

Cathoda [ 1| 8] Referance
N[ 2] 7N
wel3 6 } Anods
N [4 5] NG

(Top
quw]
S0IC-8
D SUFFIX
CASE 751

@

4

Cathode [ 1]0

o { B
wo[7]
(Top View)

This ia an intemally meodified SOIC-8 package, Pins 2, 3, 6 and
7 are electrically common 1o the die atlach flag. This intemal
lead frame modification increases power dissipalion capability
when appropriately mounted on a prinied circuit board. This
modified package conforms 1o all extemal dimensions of the

| 8] Referenca

5} ne

standard SOIC-8 package.

ORDERING INFORMATION
See delalled ondering and shipping Informetion In the package
dimensions section on page 13 of this data sheet.
DEVICE MARKING INFORMATION

Sea general marking information in the device marking
section on page 15 of lhis data sheet.

Publication Ofder Nuﬁlﬁén
TL431/D



TL431, A, B Series, NCV431A

Symbol Representative Schematic Diagram
Component values are nominat
Gathode
LY Cathoda (K)
Reference . >
{A)
Anode Reference
® A
Representative Block Diagram 150 i
_| Cathode 10%
-0 K
Anode (A)
This device contains 12 active transistors.
MAXIMUM RATINGS {Ful aperating ambient temperature range applies, unless otherwise noted.)
Rating Symbol Value Unit
Cathode to Anode Voitage Via 37 v
Cathode Cument Range, Continuous L% ~-1D0 to +150 mA
Reference Input Current Range, Continuous | ef -0.05t0 +10 mA
Operating Junction Temperature Ty 150 °C
Operating Ambient Tomperature Range Ta c
TL4311, TL431Al, TL431BI —-40 to +B5
TL431C, TL431AC, TL431BC Oto+70
NCV431Aj, TL4318Y -40to +125
Storage Temperature Range Tetg ~65 to +150 °C
Total Power Dissipation @ Ta = 25°C Pp w
Derate above 25°C Ambient Temperature
D, LP Suffix Plastic Package 0.70
P Suffix Plastic Package 1.10
DM Suffix Plastic Package 0.52
Total Power Dissipation @ T¢ = 25°C Pp w
Derate above 25°C Case Temperature
D, LP Suffix Plastic Package 1.5
P Suffix Piastic Package 3.0

Maximum ratings are those valuss beyond which device damage can ocour. Maximum ratings applied to the davice are individual stress limit
values (not normal operating conditions} and are not valid simultaneously. If these limits are exceeded, device functional aperation is not implied,

damage may occur and reliability may be aflected.
NOTE: ESD data available upon request.

RECOMMENDED OPERATING CONDITIONS

Condition Symbol Min Max Unit
Cathode to Anode Vollage Vika Viat 38 v
Cathode Current hg 1.0 100 mA
THERMAL CHARACTERISTICS
D,LP Suffix P Suffix DM Suffix
Characteristic Symboi Package Package Package Unit
Themal Resistance, Junction—to—-Ambient Raa 178 114 240 °CW
Thermal Resistance, Junction-to—Case Raic 83 41 - °Ciw

http:'ﬂonsemi.com
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TL431, A, B Series, NCV431A

ELECTRICAL CHARACTERISTICS (T, = 25°C, unless atherwise noted. }

TL431I TL431C
Characteristic Symbol Min Typ Max Min Typ Max Unit
Reference Input Voltage (Figure 1} Vrat vV
Via = Vief, Ik = 10 mA
Ta = 25°C 2.44 2.495 2.55 2.44 2.495 2.55
Ta = Tiow t0 Thigh (Note 1) 2.41 - 258 | 2423 - 2.567
Reference Input Voltage Deviation Over AVt - 7.0 30 - 3.0 17 my
Temperature Range (Figura 1, Notes 1, 2]
Via= me‘ Il =10 mA
Ratio of Change in Reference Input Voltags to Change AV o mvivV
in Cathode to Anade Voltage AV'
Ik = 30 mA (Figure 2), KA
AVia= 10V 1o Vg - -1.4 2.7 - -1.4 -27
AVga=36Vio 10V - -1.0 ~-2.0 - -1.0 -2.0
Reference tnput Current (Figure 2) liaf uA
Iy =10mA R1=10k R2 = =
Ta=25°C - 1.8 4.0 - 18 4.0
T = Tigw tO Thigh (Note 1) - - 6.5 - - 5.2
Reference Input Cumrent Deviation Over At - 0.8 2.5 - 04 1.2 A
Temperature Range {Figure 2, Note 1, 4)
tk=10mA R1= 10K R2 =«
Minimum Cathode Cumrent For Regulation Imin - 0.5 1.0 - 0.5 1.0 mA
Vka = Vot (Figure 1}
Off-State Cathode Current (Figure 3) tofr - 20 1000 - 20 1000 nA
Vka= 36V, V=0V
Dynamic Impedance (Figure 1, Note 3) |Zeal - 0.22 0.5 - 0.22 0.5 Q
Via = Vgt Al = 1.0 mA ta 100 mA
f<1.0kHz
1. Tiow —40°C far TL431AIP TL431AILP, TL431IP, TL431ILP, TL431BID, TL431BIP, TL431BILP, TL431AIDM, TL431IDM, TL431BIDM,;

non

0°C for TL431ACP, TL431ACLP, TL431CP, TL431CLP, TL431CD, TL431ACD, TL431BCD, TL431BCP, TL431BCLP, TL431CDM,

TL431ACDM, TL431BCDM

+85°C for TL431AIP, TL431AILP, TL431IP, TL431ILP, TL431BID, TL431BIP, TL431BILP, TL431IDM, TL431AIDM, TL4318IDM

+70°C for TL431ACP, TL431ACLP, TL431CP, TL431ACD, TL431BCD, TL431BCP, TL431BCLP, TL431CDM, TL431ACDM,

TL431BCDM

2. The deviation parameter AV Is defined as the difference between the maximum and minimurn values obtained over the full operating
ambient temperature range that applies.

Thigh

Hon

Voot MK -, DVt = Vyeq mat

-Vm min

ATy =Tp-T,
Vit Min !

t
i Amtrent Temperature T2
A
—I'Elfn x 106
ppm _ \ Vret @2°C AV or % 10°
The average lemperaiure coefficient of tha reference input valtage, aVy is defined as: Vit e 2 TA =3 TA W f@ 2%5°0)
e

@V, can be positive or negative depending on whether Vg Min or Vi Max cccurs al the lower embient temperalure. {Refor to Figure 6.}

Exampla 1 AV . = 8.0 mV and slope is positive,

6
v 25°C = 2495V, AT, = 70°C . 0.008x 100 B
et @ A aVier =S5 245) 45.8 ppm/*C

AV,
3. The dynamic impedance Zy, is defined as: |Z,,| = y IKA. When the device is programmed with two external resistors, R1 and R2,
K
. - X . Mo R1
(refar to Figure 2) the total dynamic Impedance of the circuit is defined as: 1Zca 'l = [Ecal ( 1+ R )

http:ﬂonsami.éom
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TL431, A, B Series, NCV431A

ELECTRICAL CHARACTERISTICS (T4 = 25°C, uniless otherwise noted.)

TL431A1/ NCV431Al TL431AC TL431BI/ TL431BV
Characteristic Symbol | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | unit
Reference Input Voltage {Figure 1) Vret \Y
VKA = Veat, Ik = 10 mA
Ta=25°C 247 12495 | 252 | 2.47 |2495| 2.52 | 2.483 | 2.495 | 2.507
Ta = Tiow 0 Thigh 2.44 - 255 }2453 | - 253712475 249512515
Reference Input Voltage Deviation Over AV gt - 7.0 30 - 3.0 17 - 3.0 17 mv

Temperature Range {Figure 1, Notes 4, 5)
Vka= Vraf, IK =10 mA

Ratio of Change in Reference Input Voltage to AV i mviv
Change in Cathode to Anode Valtage Avre
Ik = 10 mA (Figure 2}, KA
AVia = 10V 10 Vg - -14 { -27 - -14 | =27 - -1.4 | -27
AVa=36Vio 10V - -10 | -20 - -1.0 | -20 - -1.0 | =20
Reference Input Current (Figure 2) lraf pA
Ik = 10mA, R1=10k R2= =
Ta = 25°C - 18 4.9 - 18 4.0 - 1.1 2.0
Ta=Tiow t0 Thigh (Note 4) - - 6.5 - - 52 - - 4.0
Reference Input Current Deviation Cver Alrgt - 0.8 25 - D4 1.2 - 0.8 25 A

Temperature Range (Figure 2, Note 4)
Ik=10mA R1=10k R2 =0

Minimum Cathode Current For Regutation Imin - 0.5 1.0 - 0.5 1.0 - 0.5 1.0 { mA
Vi = iy {Figure 1)

Off-State Cathode Current (Figure 3) laf - 20 1000 - 20 1000 - 0.23 | 500 nA
Vika= 36V, Vg1 =0V

Dynamic Impedance (Figure 1, Note B) 1Zgal - 022 | 056 - 022 | 05 - 014 | 0.3 Q
Vika = Vigh Al = 1.0 mA to 100 mA

t<1.0kHz
4. Tigw = ~—40°C for TL431AIP TL431AILP, TL431IP, TL431iLP, TL431BID, TL431BIP, TL431BILP, TL431BY, TL431AIDM, TL431IDM,

TL431BIDM, NCV431AIDMR2, NCV431AIDR2

0°C for TL431ACP, TLA31ACLP, TL431CP, TL431CLP, TL431CD, TL431ACD, TL431BCD, TL431BCP, TL431BCLP, TL431CDM,

TL431ACDM, TL431BCDM

= +B5°C for TL431AIP, TLAJ1AILP, TL431IP, TL431ILP, TL431BID, TL431BIP, TL431BILP, TL431IDM, TL431AIDM, TL431BIDM

= +70°C for TL431ACP, TL431ACLP, TL431CP, TL431ACD, TL431BCD, TL431BCP, TL431BCLF, TL431CDM, TL431ACDM,
TL431BCDM

= +125°C TL431BV, NCV431AIDMR2, NCV431AIDR2

5. The deviation parameter AV is defined as the difference between the maximum and minimum values cbtained over the full operating
ambiant temperature range that applies.

Thign

Vot MEX _——

AVipr = Vigr max
-Vyat min
ATp=T2-Ty

Vi Min |

|
! Ambiont Temparalure T2 A Vref &
=5~ | X 10
. ) Voo Is defined ppm Vit @25°C avmfxmﬁ
The average lemperature coaflicient of the referenca input vollage, aVgr is defined as: me == = TA = A TA (Vrer @50

aVor can be positive or negalive depending an whelher Vgt Min or V5 Max occurs at the lower ambient temperature. (Refer to Figure 6.}

Example : Avre'f = 8.0 mV and slope is posilive,

00l 6
V@ 25°C = 2495V AT, = 70°C - BooBx 108 m/™
ref A « Vref 70 (2.485) 45.8 ppm/*C

AV
6. The dynamic impedance Zy, is defined as (Z,} = " IKA When the device is programmed with two external resistors, R1 and R2, (refer
K

to Figure 2) the total dynamic impedance of the circuit is defined as: [Z,,'l = il ( 1+ %)

7. NCV431AIDMR2, NCV431AIDR2 Tig,, = ~40°C, Thign = +125°C. Guaranteed by design. NCV prefix is for automotive and other applications
requiring site and change control.

http:ﬂonsami.cdm“
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MUR120 Series

Prafarred Davices

SWITCHMODE™
Power Rectifiers

MUR105, MUR110, MUR115, MUR120,
MUR130, MUR140, MUR160

The MURI120 series of SWITCHMODE power rectifiers are
designed for use in switching power supplies, inverters and as free
wheeling diodes.

Features

Ultrafagt 25, 50 and 75 Nanosecond Recovery Times
175°C Operating Junction Temperature

* Low Forward Voltage

® Low Leakage Current

® High Temperature Glass Passivated Junction
® Reverse Voltage to 600 V

These are Pb—Free Devices

Machanical Characteristics

* Case: Epoxy, Molded

® Weight: 0.4 gram (approximately)

® Finish: All External Surfaces Corrosion Resistant and Terminal
Leads are Readily Solderable

Lead and Mounting Surface Temperature for Seldering Purposes:
220°C Max. for 10 Seconds, 1/16” from case

® Shipped in plastic bags, 1000 per bag

* Available Tape and Reeled, 5000 per reel, by adding a2 “RL™ suffix to

the part number
¢ Polarity: Cathode Indicated by Polarity Band

*For additional information on our Pb—Free strategy and soldering details, please
download the ON Semiconductor Soldering and Mounting Techniques
Refarence Manual, SOLDERRM/D.

hitp:/fonsemi.com

ULTRAFAST RECTIFIERS
1.0A,50V-600V

o———”—.

AXIAL LEAD
CASE 53-10
PLASTIC
MARKING DIAGRAM
—] —

MUR = Davice Code

1xx = Specific Device Code
A = Assembly Location
YY = Year

Www = Work Week

ORDERING INFORMATION

Ses datalled ordering and shipping irformation in lhe package
dimensions section on paga 2 of this data sheet.

Preferred devices are recommended choices for fulure use
and best overall value.

@ Semioonductor Componanta Industrias, LEC, 2005 1
Aprit, 2005 - Rev. 9

Publication Order Number,
MUR120/D



MUR120 Series

MAXIMUM RATINGS

MUR
Rating Symboi | 105 Mo 115 120 130 140 160 Unit
Peak Repslitive Reverse Voltage VarM 50 100 150 200 300 400 600 vV
Working Peak Reverse Vollage VRwM
DC Blocking Voltage Va
Average Rectified Forward Current ey 10@ T =130°C 1.0@ Ta = t20°C A
(Square Wave Mounting Method #3 Per Note 1)
Nonrepetitive Peak Surge Current IFsng 35 A
{Surge applied at rated load conditions, halfwave,
single phase, 60 Hz)
Operating Junction Temperature and TJ Tstg —B8510 +175 °C
Storage Temperature

Maximum ratings are those values beyond which device damage can occur. Maximum ratings applied to the device are individual stress limit
values (not normal operating conditions) and are not valid simultaneously. if these limits are exceeded, device functional operation is not implied,
damage may occur and reliability may be affected.

THERMAL CHARACTERISTICS

LMaximum Thermal Resistance, Junction-to—Ambient | Raa, , Note 1 I Crw ]

ELECTRICAL CHARACTERISTICS

Maximum Instantaneous Forward Voltage (Note 1) Vi . \
{ir = 1.0 Amp, Ty = 150°C) 0.710 1.05
{ir = 1.0 Amp, T, = 25°C) 0.875 125

Maximum Instantaneous Reverse Current (Note 1) ir A
(Rated DC Voltage, T, = 150°C) 50 150
(Rated OC Voktage, T, = 25°C) 20 5.0

Mayximum Reverse Recovery Time by ns
(lF = 1.0 A, di/dt = 50 Afus) 35 75
(F=05A,ig=10A Igec = 0.25 A) 25 50

Maximum Forward Recovery Time ti 25 50 ns
{lr = 1.0 A, difdt = 100 Alus, Ipgcto 1.0V)

1. Pulsa Tast: Pulse Width = 300 us, Duty Cycle < 2.0%.

ORDERING |NFORMATION

Davice Marking Package Shipping’
MUR105 MUR105 1000 Units/Bag
MUR105RL MUR105 5000 Units/Tape & Reel
MUR110 MUR110 1000 Units/Bag
MURHORL MUR110 5000 Units/Tape & Reel
MUR115 MUR115 1000 Units/Bag
MUR115RL MURM5 5000 Units/Tape & Reel
MUR120 MUR120 1000 Units/Bag
MURt20RL MUR120 Axial Lead® 5000 Units/Tape & Reel
MUR130 MUR130 1000 Units/Bag
MUR130RL MUR130 5000 Units/Tape & Reei
MUR140 MUR140 1000 Units/Bag
MUR40RL MUR14C 5000 Units/Tape & Reel
MUR160 MUR160 . 1000 Units/Bag
MUR180RL MUR160 5000 Units/Tape & Reel

tFor information on tape and reel specifications, including part orientation and tape sizes, please refer to our Tapa and Reel Packaging
Specifications Brochure, BRDA011/D.
*This package i8 inharently Pb~Free.

http:/fonsemi.com
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National Semiconductor

LM117/LM317A/LM317

General Description

The LM117 series of adjustable 3-terminal positive vollage
regulators is capable of supplying in excass of 1.5A over a
1.2V to 37V output range. They are axcaptionally easy to
use and require only two external resistors lo set the output
voitage. Further, both line and load regulation are betler than
standard fixed regulators. Also, the LM117 is packaged in
slandard transistor packages which are easily mounted and
handled.

In addition to higher performance than fixed regulators, tha
LM117 series offers full overioad protection available only in
IC’s. included on the chip are current limit, thermal overdoad
protection and safe area protaction. All overload prolaction
circuitry remains fully functional even if the adjustment ter-
minal is disconnected.

Normally, no capacitors are needed unless the device is
situated more than 6 inches from the input filter capacitors in
which case an input bypass is needed. An optional output
capacitor can be added to improve iransient response. The
adjustment terminal can be bypassed to achiave very high
ripple rejection ratios which are difficult to achieve with slan-
dard 3-tarminal requlators.

Besides replacing fixed regulators, the LM117 is useful in a
wide variety of other applications. Since the regulator is
*floating” and seses only the input-to-cutput differential volt-

September 2001

3-Terminal Adjustabie Regulator

age, supplies of several hundred volts can ba regulated as
long as the maximum input to output differential is not ex-
caeded, i.e., avoid short-circuiting the output.

Alsp, it makes an especially simple adjustable switching
regulator, a programmable output regulator, or by connecting
a fixed resistor betwesn the adjustment pin and output, the
LM117 can be used as a precision cument regulator. Sup-
plies with electronic shutdown can be achieved by clamping
the adjustment terminal to ground which programs the out-
put to 1.2V where most loads draw littie current.

For applications requiring greater output current, see LM150
seres (3A) and LM138 senes (5A) data shesis. For the
negative complement, sea LM137 series data shest.

Features

® Guarantesd 1% output voltage tolerance (LM317A)
® Guarantesd max. 0.01%/V line regulation {LM317A)
m Guaranteed max. 0.3% ioad regulation (LM117)

m Guaranteed 1.5A output currant

® Adjustable output down 1o 1.2V

& Curment limit constant with temperature

® P” Producl Enhancement tested

= 80 dB ripple rejection

= Output is short-circuit protected

Typical Applications
1.2V-25V Adjustable Regulator

LM
ViN 2V ViN  Vour vout't
IN —7—' AD) ouT
Al
240
cre | o
w— D.1uF 1F
B2
5k
[eitiik onl

Full outpirt current not avaijlable st high input-output voltages
*Needed if device is more than 6 inches from filter capaciiors.

1 Optional—improves transient response. Qutput capaditars n the mnge
of 1 pF 1o 1000 pF of aluminum or tantalum elecirolylic are commondy
used Ip provids improved owiput impedance and rejection of transiens.

R2
t¥¥our = 1.25V (1 + E{) + lapsR2)

LM117 Series Packages

Part Number Design

Suffix Package Load
Current

K TO-3 1.5A

H TO-39 0.5A

T TO-220 1.6A

E LCC 0.5A

s TO-263 1.5A

EMP SOT-223 1A
MDT TO-252 0.5A

SOT-223 vs D-Pak (TO-252)
Packages

SoT-223

Scale 1:1

® 2001 National Semiconducior Corporation DS009063

www.national.com
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LM117/LM317A/LM317

Absolute Maximum Ratings (Noe 1)

i Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Officef

ESD Tolerance (Note 5) IkV

Operating Temperature Range

Distributors for availability and specifications.

Powaer Dissipalion Internaliy Limited
Input-Output Vollage Differential +40V, 0.3V
Storage Tempeoratura -65°C lo +150°C
| wad Temperature
Metal Package (Soldering, 10 seconds) 300°C
Plastic Package {Soldering, 4 seconds} 260°C

Electrical Characteristics (Note 3)
Specifications with standard type face are for T, = 25°C, and those with boldface type apply over full Operating Tempera-

ture Range. Unless otherwise specified, Vi = Vour = 5V, and Ig,r = 10 mA,

LM117
LM317A
LM317

Thermal Limit Burn-In

-85'C < T, £ +150°C
-40°C < T, < +125'C

Preconditioning

0°'C <T,<+125C

All Devices 100%

Parameter Conditions LM117 (Nota 2) Units
Min Typ Max
Refarence Voltage v
AV < (Viy = Vour) €40V, 1.20 1.25 1.30 \Y
10 mA <€ lout < hyaxs P £ Puasx
Line Regulation 3V £ (Vin = Vour) < 40V (Note 4) 0.01 0.02 %M
0.02 0.05 %N
Load Regulation 10 mA € lgut $ luax (Note 4) 0.1 03 %
0.3 1 %
Tharmal Regulation 20 ms Pulse 0.03 0.07 %W
Adjustment Pin Current 50 100 pA
Adjustment Pin Current Change 10 mA <€ lout < huax 0.2 5 pA
aV < (V- Vo) € 40V
Temperature Stability Tran £ T, € Truax 1 %
Minimum Lead Current (Vin = Vour) = 40V 35 5 mA
Currant Limit Vin = Vour) £ 15V
K Package 15 22 34 A
H Packages 0.5 0.8 138 A
(Vi = Viour) = 40V
K Package 03 0.4 A
H Package 0.15 0.2 A
RMS Output Noise, % of Vo1 10 Hz < f < 10 kHz 0.003 %
Rippla Rejection Ratio Vour = 10V, f = 120 Hz, 65 dB
Cpgs = O pF
Vour = 10V, f = 120 Hz, 66 80 dB
Capa = 10 pF
Long-Term Stability T, =125°C, 1000 hrs 0.3 1 %
Thermal Resistance, K Packege 2.3 3 ‘W
Junction-to-Case H Package 12 15 ‘W
E Package ‘CIw
Thermal Resistance, Junction- K Package 35 ‘W
to~-Ambient (No Heat Sink) H Package 140 "CIW
E Package ‘CW

www national.com




Electrical Characteristics (Note 3)
Specifications with standard type face are for T, = 25°C, and those with boldface type apply over full Operating Tempera-
ture Range. Unless otherwise specified, Vi, - Vour = 5V, and I, = 10 mA.

Parameter Conditions LM317A LM317 Units
_ Min Typ Max Min Typ | Max
. Reference Voltage 1.238 | 1.250 | 1,262 v
3V € (Vi — Vour) © 40V, 1225 [ 1250 [ 1.270 | 120 [ 125 | 130 | V
10 mA < aut € fuaxs P < Prax
Line Regulation 3V < (Vi — Vour) < 40V (Note 4) 0.005 | 0.01 001 § 0.04 | %V
0.01 0.02 0.02 | 007 | WV
Load Regulation 10 mA < loyr £ lyax (Note 4} 01 0.5 0.1 0.5 %
03 1 0.3 1.5 Yo
Thermal Regulation 20 ms Pulse 0.04 | 007 0.04 | 0.07 { %W
Adjustment Pin Current 50 100 50 100 HA
Adjustment Pin Current 10 mA < oyt < lyax 0.2 5 0.2 5 HA
Changs 3V < {Vyy — Vour) €40V
Temparature Stability Tain € T0 S Traax 1 1 %
Minimum Load Currant (Min = Vaur) = 40V a5 10 3.5 10 mA
Current Limit (Vin = Vour) € 15V
K, T, S Packages 15 2.2 3.4 1.5 2.2 34 A
H Package 0.5 0.8 1.8 0.5 0.8 1.8 A
MP Package 1.5 22 3.4 15 2.2 34 A
(Vin = Vour) = 40V
K, T, 5 Packagss 0.15 0.4 0.15 04 A
H Package 0075 0.2 0075 | 02 A
MP Package 0.55 0.4 0.15 0.4 A
RMS Output Noise, % of Vo | 10 HZ <f <10 kHz 0.003 0.003 %
Ripple Rejection Ratio Vaout = 10V, f = 120 Hz, 65 65 dB
Capy = 0 yF
Vout = 10V, f = 120 Hz, 66 80 66 80 dB
Capy = 10 pF
Long-Term Stability T, =125°C, 1000 hrs 0.3 1 0.3 1 %
Thermai Rasistance, K Package 2.3 3 ‘CTW
Junction-to-Case MDT Package 5 ‘CW
H Package 12 15 12 15 | "CMW
T Package 4 5 4 ‘WY
MP Package 235 235 ‘CW
Thesmal Resistance, K Package a5 35 ‘W
Junction-to-Ambient {No Heat MDT Package{Note B} 92 CIW
Sink) H Package 140 140 ‘CW
T Package 50 50 ‘W
S Package (Nota 6) 50 50 ‘CTW

LIEWTVLLENT/LLIAN

Mote 1: Absolule Maximum Ratings indicate limits bayond which damage to the davice may occur. Operating Ratings indicate conditions for which the device Is
intended to be functional, but do not guarantes specific parformanca limits. For guaraniead specifications and est conditions, see the Electrical Characteristics. The
quarantead specifications apply only for the test conditions listed.

Note 2: Refer to RETS117H drawing for the LM#17H, or the RETS117K for the LM117K mililary specifications.

Note 3: AHhough power dissipalion is internally limited, these spadifications are appficable for maximum power dissipations of 2w for the TO-39 and SOT-223 and
20W for the TO-3, TO-220, and TO-263. igax i8 1.5A for the TO-3, TO-220, and TO-263 packages, 0.5A for the TO-39 package and 1A for the S0T-223 Package.
All limils (i.e., the numbers In the Min, and Max. columns) are guaranteed to National's AQQL (Average Cutgoing Quality Level),

Hote 4: Regulation is measured at a constant junction temperature, using pulse testing with a low duty cycle. Changes in outpul volttage dus ta heating affects are
covered under the specifications for thermal regulation.

Note 5: Human body model, 100 pF discharged through a 1.5 ki) resistor.

Mots 8; |f the TD-263 or TO-252 packages are used, lhe tharmal resistance ¢an ba reduced by increasing the PC board copper area thermally connactad to the
package. Using 0.5 square inches of copper area. B, is 50°CAY; with 1 square inch of copper area, 8, is 37°C/W; and with 1.6 or more square inches of copper
area, By, is 32'C/AW. If the 30T-223 package Is used, the thermal resistance can be reduced by increasing the £°C board copper area (see applications hints for

heatsinking).
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LM117/LM317TA/ILM317

Application Hints

In operation, the LM117 davelops a nominal 1.25V rafarence
voltage, Vger, batwean the output and adjustment terminal.
The reference voitage is impressed across program resistor
R1 and, since the vollage is constant, a constant current |,
then flows through the output set rasistor R2, giving an
output voltage of

R2
YouT = VRer (1 + ﬁ;) t lapJR2

LM117
Vin  Vour
ADJ '1*
VRep €A1
Yout
HADS
R?
Coa0B305
FIGURE 1.

Since the 100 pA current from the adjustment terminal rep-
resents an error term, the LM117 was designed to minimize
a0y @nd make it very constant with line and ipad changss.
To do this, all quiescent operating current is returned to the
output establishing a minimum lead current reguirement. If
there is insufficient load on the output, the output will rise.

External Capacitors

An input bypass capacitor is recommended. A 0.1 yF disc or
1 pF solid tantatum on the inpul is suitable input bypassing
for elmost all applications. The device is more sensitive to
the absance of input bypassing when adjustment or output
capacitors are used but the above values will éliminate the
possibility of problems,

The adjustment terminal can be bypassed to ground on the
LM117 to improve ripple rajection. This bypass capacitor
prevents ripple from being amplified as the output voltage is
increased. With a 10 pF bypass capacitor 80 dB ripple re-
jaction is obtainable at any output level. Increases over
10 pF do not appreciably improve the ripple rejection at
fraquencies above 120 Hz. If the bypass capacitor is used, it
is sometimes necessary to include protection diodes to pre-
vent the capacitor from discharging through intemal iow
current paths and damaging the device.

In genaral, the best type of capacitors 1o use is solid tanta-
lum. Solid tantalum capacilors have low impadance even at
high frequencies. Depending upon capacitor construction, it
takes about 25 pF in aluminum electrolytic to equal 1 pF
solid tantalum at high frequencies. Ceramic cepacitors are
also good at high frequencies; but some types have a large
decrease in capacitance at frequencies around 0.5 MHz. For
this reason, 0.01 pF disc may seem to work better than a 0.1
PF disc as a bypass.

Although the LM117 is stable with no output capacilors, like
any feadback circuit, certain values of external capacitance

can cause excessive ringing. This occurs with values be-
tween 500 pF and 5000 pF. A 1 pF solid tantalum (or 25 pF
aluminum elactrolylic) on the cutput swamps this effect and
insuras stability. Any increase of the load capacitance larger
than 10 uF will merely improve the foop stabitity and output
impedance.

Load Regulation

The LM117 is capable of providing extremely good load
regulation but a few precautions are needed to obtain maxi-
mum performance. The current sat resistor connecied he-
tween the adjustment terminal and the output terminal {(usu-
ally 2400Q) should be tied directly to the output (case) of the
regulator rather than near the load. This efiminates line
drops from appearing effectively in serias with the reference
and degrading regulation. For example, a 15V regulator with
0.0501 resistance between the regulator and load will have a
load regulation due o line resistance of 0.050 x 1. If the set
resistor is connected near the load the sffective line resis-
tance will be 0.058Q {1 + R2/R1) or in this case, 11.5 limes
worse.

Figure 2 shows the effact of resistance between the regula-
tor and 24002 set resistor.

LMI17

yin—{Vin VYour
ADJ

0OD0B30E

FIGURE 2. Regulator with Line Resistance in Output
Lead

With the TO-3 package, it is sasy to minimize the resistance
from the case to the set resistor, by using two separate leads
to the case. However, with the TO-38 package, care should
be taken te minimize the wire length of the cutput lead. The
ground of R2 can be retumed near the ground of the load to
provide remote ground sensing and improve load regutation.

Protection Diodes

Whaen external capacitors are used with any IC regulator it is
sometimes necessary to add protaction diodes to prevent
the capaciters from discharging through low current points
into the regulator. Most 10 pF capacitors have low enocugh
intemnal saries resistance to delivar 20A spikes when
shorted. Although the surge is short, there is enough energy
to damage parts of the IC.

When an output capacitor is connected to a regulator and
the input is shorted, the output capacitor will dischange into
the output of the regulator. The discharge current depends
on the value of the capacitor, the output voltage of the
regulator, and the rate of decrease of V. In the LM117, this
discharge palh is through a large junction that is able fo
sustain 15A surge with no probfem. This is not trua of other
types of positive regutators. For output capacitors of 25 pF or
less, there is no need to use diodes.

The bypass capacitor on the adjustmant terminal can dis-
charge through a low cument junction. Discharge occurs
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Application Hints (continued)

when either the input or output is shorled. Internai to the
LM117 is a 50 raesistor which limits the peak discharge
currant. No protection is needed for output voitages of 25V
or lass and 10 pF capacitance. Figure 3 shows an LM117
with protection diodes included for use with outputs greater
than 25V and high vatues of output capacitance.

p1

N4
LM 1T
Yin Vin  Vour r Vour
5 < 4]
02 e
tNaOR? oW I
=
> +
bt — 2
T T
oa0dinz

R2
Yout = 1.25V(1 + E) + |apJR2

D1 protects against C1
D2 pratects against C2

FIGURE 3. Regulator with Protection Diodes

When a value for By,_,, is found using the equation shown,
a healsink must ba seiected that has a vaiue that is less than
or equal to this number.

8414, is spacified numerically by the heatsink manufacturer
in the catalog, or shown in a curve that plots temperature rise
vs power dissipation for the heatsink.

HEATSINKING TO-263, SOT-223 AND TO-252 PACKAGE
PARTS

The TO-263 (*S”), SOT-223 ("MP"} and TO-252 ('DT"} pack-
ages use a copper plane on the PCB and the PCB itself as
a heatsink. To optimize the heal sinking ability of the plane
and PCB, solder the {ab of the package to the plane.

Figure 4 shows for the TO-263 the measured values of 6. ,,
for different copper area sizes using a typical PCB with 1
ounce copper and ho sokder mask over the copper araa used
for heatsinking.

a0
70
60 4
50 4

a0

THERMAL RESISTANCE #{J-A) IN °C/W

50 : : {

COPPER FOIL AREA (SQ. IN.}
DOGB 355

FIGURE 4. 8,,_,, vs Copper {1 ounca) Area for the
TO-263 Package

As shown in the figure, increasing the copper araa beyond 1
square inch produces very little improvernent. it should also
be observed that the minimum value of 8,_y for the TO-263
package mounted to a PCB is 32°C/W.

As a design aid, Figure 5 shows the maximum allowable
power dissipation compared to ambiant temperature for the
TO-263 device {assuming B;,_,, is 35°C/W and the maxi-
mum junction temperature is 125'C).

T0-253 PACKAGE

WAX POWER DISSIPATION (W)

1 PCA MOUNT
1 S0. IN. COPPER
B ’ : 1 Al
-40 -25 25 75 125
AMBIENT TENPERATURE (°C)

00006358

FIGURE 5. Maximum Power Dissipation vs T,z for
the TO-263 Package

Figure 6 and Figure 7 show the information for the SOT-223
package. Figure 7 assumes a 8y, of 74'C/W for 1 ounce
copper and 51°C/W for 2 ounce copper and a maximum
juncticn temperature of 125°C.

www.national.com
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LM117/LM317A/LM317

Application Hints {Continued}

= 200
T
(S
a
z 170 1
o
4
T 140 4
[ ™)
[&]
=
HRILE o
w
by
o
2 80
=
o
5
= 50 f i |
0 1 2 3
COPPER FOIL AREA {5Q. IN.)
00903357

FIGURE 6. 8,,_,, vs Copper {2 ounce) Area for the
507-223 Package

ST

E ¢4 [sor-223 packace

z PCB MOUKT

C ! 5. IN. COPPER

s

e 34

[

z 2 OUNCE COPPER

e 27 /

x

[a]

o

- L

<

= 1 OUNCE COPPER
0 } : . {
-40 -25 25 75 125

AMBIENT TEMPERATURE (°C)
0Ca0B358

FIGURE 7. Maximum Power Dissipation vs T,yg for
the SOT-223 Package

The LM317 regulators have intamal tharmal shutdown to
protect tha device from over-heating. Under all possibla
operating conditions, the junction temperature of the LM317
must be within the range of 0°C to 125'C. A healsink may ba
required depending on the maximum power dissipation and

maximum ambient temperature of the application. To deter-
mine if a healsink is neaded, the power dissipated by tha
regulator, P, must be calculatad:

= I+ g

Po = Min ~ Vourd IL + Vidle
Figure Bshows the voltage and currents which are present in
the circuit.

by —= Yout

il manl
[ T

005806350

FIGURE 8. Power Dissipation Diagram

Tha next parameter which must be caiculated is the maxi-
mum allowable temperature rise, T(max):

Tr{max) = T (max) - Ta{max)
whara T {max) is the maximum aliowable junction tempera-
tura {125°C), and Tx(max) is tha maximum ambient tem-
peralure which will be encountarad in the application.

Using the calculated values for Tg{max) and Pp, the maxi-
mum allowable value for the junclion-lo-ambient thermal
rosistance (8,,) can be calculated:
84 = Tr(maxyPg

If the maximum allowable value for 8, is found to be
292°C/W (Typical Rated Value) for TO-252 package, no
heatsink is needed since the package alone will dissipate
enough heat to satisfy thase requirements. If the calculated
value for 8,, falls below these limits, a heatsink is required.

As a design aid, Table 1 shows the value of the 8,, of
TO-252 for different heatsink area. The copper palterns that
we ussd to measure these 8,5 are shown at the and of the
Application Motes Section. Figure 9 reflects the sama tast
rasults as what are in the Table 1

Figure 10 shows tha maximum allowable powar dissipation
vs. ambient tamperature for the TO-252 davica. Figure 11
shows the maximum allowable power dissipation vs. copper
area {in?) for the TO-252 davica. Please see AN1028 for
power enhancement techniques to be used with SOT-223
and TO-252 packages.

TABLE 1. 6,, Different Heatsink Areca

Layout Copper Area Thermal Resistance
Top Side (in®)* Bollom Side (in?) (8,4 C/W) TO-252
1 0.0123 0 103
2 0.066 0 87
3 0.3 0 B0
4 0.53 0 54
5 0.76 0 52
53 1 0 47
7 0 0.2 84
8 0 0.4 70
9 0 0.6 63
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Application Hints (contnued)
TABLE 1. 0,, Different Heatsink Area {Continued)

Layout Copper Area Thermal Resistance
10 4] 0.8 57
11 4] 1 57
12 0.0686 0.066 89
13 0.175 0.175 12
4 0.284 0.284 81
15 0.392 0.392 55
18 0.5 05 53

Note: * Tab of device atlached to tnpside of copper.
120 T
T, = 25°C
5 still Air
NG
M Hom Cu
E )\
2 —
K Top Cu Bl
. 1/2 Top+
H 1/7 Eatiom
s
[
o 02 04 BF 02 1D
20z Capper Araa (inz). T0252
0006381

FIGURE 9.

Meximum Allowebie Power Dissipetion iW)

8, vs 20z Copper Area for TO-252

2.8

75 [ St Alr
2" N ] 1oz Cu on]
2:2 Q\\‘ eJA=:60°C,u"‘nV Top Flana
20 \\V 0y, =545/

N N :

1.6 6, =529C/W
14 N, WAL 1
M D
e TN
o8 [ -
06 4 { B
0.4 B Z07°C/N
0.2 [=0,=103°C/W |

: M

bl 5 50 15 100 125

Ambient Temperaturs (°C}, 10252
DOBOB3E3

FIGURE 10. Maximum Aliowable Power Dissipation vs. Ambient Temperature for TQ-252

Maximum Allowable Power Jissipation (W)

24
2

T,=25%C 11/3Tap+
stili air Y 1/2 Bottem |

[

(K
14 b i

2 V4 Top Cu— [\

b4 - aotomcu—d |
08
.4
Q.2

0 0z 04 DE OB 1
20z Copper Aran (in?), 70252
00B06382

FIGURE 11. Maximum Allowable Power Dissipation vs. 20z Copper Area for TO-252
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| Sicex SP6641A/6641B

r

: -
S500mA Alkaline DC/DC Boost Regulator in SOT-23

B Ulira Low Quiescent Current; 10uA

B Wide input Voltage Range: 0.9V to 4.5V
W SO0mA loyt at 1.3V Input (SPE641A-3.3V)
8 500mA lgut at 2.6V Input (SP6641B-3.3V)
B 100mA lgyT at 2.0V Input (SPE641A-5.0V) . 5 Pin SOT-23
B 500mA lgyut at 3.3V Input (SPB641B-5.0V)
W Fixed 3.3V or 5.0V Output Voltage

W Up to B7% Efficiency

SP6641

B 0.3Q NFET Rpson APPLICATIONS
W Startup Voltage Guaranteed at 0.9V B PDA's

B 0.33A Inducter Current Limit (SP6641A) B DSC's

W 1A Inductor Current Limit (SP6641B) B CD/MP3 Players
B Logic Shutdown Control W Pagers

8 S0T-23-5 Package B Digital Cameras

W Portable Handheld Medical Davices
Now Available in Lead Free Packaging

DESCRIPTION

The SP6641 is an uktra-low quiescent current, high efficiency, DC-DC boost converter designed
for single and dual cell alkaline, or Li-ion battery applications found in PDA's, MP3 players, and
other handheld portable devices. The SP6641 features a 10pA quiescent currant, a 0.3Q N-
channel charging switch, 0.9V input startup, and a 0.33A or 1.0A inductor current limiting feature.
The SP6641 is offeredin a 5 pin SOT-23 package and provides an extremely small power supply
footprint optimized for portable applications. The SP6641 is preset to 3.3V and can be controlied
by a 1nA active LOW shutdown pin.

L1 0.9V 10 4.5V
i i 700
. W
__L CVpart (50 | P
1 £00 B ,/y et
1Lx E‘m\l'r:mﬂ'r 5 l g0 b ] ]
2 = 500 f_ ra
o GND SP:STHA 450 Fo L2 -
3 4 L 400f ., 7] s s SPERATH, 1 0M, 3.5V ||
Vour SHON [-~——~OSHDN T 0 AT R R
T 300 V4 / | == = SPGGA1A,0IIA. 33V
R1 g jox ] 2 21 A s SPEE41A, D.33A, 5V
200 [N N A ey
OVour oy w1 :,..-——*‘""
cz-l' +33V or SV P R e
a0 P L
3 &=
50 Foerr0
EPE41A 3.3V B &Y C1 = C2 = 22uF Ceramic. L1 = 22pH GDRH5028 [i J S—— P R - I - N
Df = MBROS20, €3 = Cpen, RY = Shurted 10 13 20 25 ib 35 40 a5
5PE6418 3.3V & §¥ C1=C2 = 100pF POSCAPR. L1 = 1DuH CORHE024,
D1 = ZHC52608, C3 = 1uF Ceramic, R1 = 106 iy (V)
Figure 1. Typical Application Schematic Figure 2. Maximum Load Current in Operation
Rev. 5126/05, *Patant Pending SPB641A/6641B S00mA Alkaline DC/DC Boost Regulator in SOT-23 @ Copyright 2002 Sipex Corporation
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ABSOLUTE MAXIMUM RATINGS

These are stress ratings only and functional
operation of the device at these ratings or any other
above those indicated in the operation sections of
the specifications below is not implied. Exposure to
absolute maximum rating conditions for extended
periods of time may affect reliability.

ELECTRICAL SPECIFICATIONS

LX, Vour, SHDN, Vgatr to GND pin ... -0.3to 8.0V
LX CUrent ... 1.5A
Reverse Vpatr Current ...
Storage Temperature
Operating Temperature ..................
Lead Temperature (Soldering, 10 sec)

..-65°C to 150°C
... -40°C to +85°C
300°C

Vearr = Vaupn = 1.3V, I can = OmA, -40°C <T, < +85°C, Vour = +3.3V or +5 0V preset, typical values at 27°C

untess otherwise noted.

PARAMETER MIN TYP MAX |UNITS | CONDITIONS
Input Voltage Operating Range, 05 45 A after startup
VearT
Startup Voltage, Vaarr 0.85 0.80 v RLoap=3k(2, T4 =27°C
1.00 Vv RLoan=3kQ -40°C <Tp < +85°C
Output Veltage, Vour 316 3.30 3.44 v 3.3V Vour preset
480 5.00 5.20 vV 5.0V Vouy preset

Quiescent Current into Vo, 10 15 pA Vour=3.5V, 3.3V Vo7 preset
leroum Vour=5.5V, 5.0V Voyr preset
Quiescent Current into Vparr, 250 500 nA Vour=3.5V, 3.3V Vour preset
lag Vour=3.5V, 5.0V Vo7 preset
Shutdown Current into Voyr, 1 500 nA Vshow =0V
IsHon
Shutdown Current into VgatT, 20 100 nA Vsuon =0V
IsHon
Inductor Current Limit 280 330 380 mA
(SPE641A)
Inductor Cumrent Limit 850 1000 1150 mA
(5P6641B)
Cutput Current (SP6641AEK-3.3) 90 mA Vaarr =1.3V

190 mA Vearr =2.6V
QOutput Current (SP6641BEK-3.3} 200 mA Vaarr =1.3V

500 mA VBATT =26V
Output Current (SP6541AEK-5.0) 100 mA Vaarr =2.0V

178 mA VBATT =33V
Output Current (SP6641BEK-5.0) 275 mA VearT =2.0V

500 mA VBATT =3.3v
Minimum Off-Time Constant 1.50 Vus Torr 2 Kore ! (Vour ~ ViN)
Kore
NMOS Switch Resistance 0.3 0.75 Q Inmos=100mA
SHON Input Voltage vil 20 % % of Vigarr

Vih BO % % of Vpart

SHON Input Current 1 100 nA

Rev. S/2B/05, “Pateni Panding

5P5641A/6641B  50OmMA Alkatfine DC/DC Boost Regulator in SOT-23
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PIN DES

CRIPTION

PIN NO. PIN NAME

DESCRIPTION

1

LX

Inductor switching node. Connect one terminal of the Inductor to the
positive terminal of the battery. Connect the second terminal of the
inductor to this pin. The inductor charging current flows into LX,
through the internal charging M-channel FET, and out through the GND

pin.

GND

Ground pin. The internal regulator bias currents and the inductor
charging current flows out of this pin.

Vour

Cutput voltage sense pin, internal regulator voltage supply, and
minimum off-time one shot input. Kelvin connect this pin to the positive
terminal of the output capacitor, but for SP6641B, use 100 series
resistor and 1uF bypass per Figure 1 schematic.

SHDN

Shutdown. Tie this pin to Vaar for normal operation. Tie this pin the
ground to disable all circuitry inside the chip. in shutdown mode, the
output voltage will float at a diode drop below the battery potential.

Veatr

Battery voltage pin. The startup circuitry runs off of this pin. The
regulating circuitry also uses this voltage to control the minimum off-

time. Torr = Kopr / (Vour — Vind.-

BLOCK DIAGRAM

. b A ’Jf Vour
—{— L’am LX
-
Irmernal
Vasrr VaaTy
Vour 1
—r~ | LoaD
sU SUGATE
C)'PK’M
Vout
VRaTT LX
JCHN
™ | €
R DRIVER
SHON o— SHDN Min, Tor a
f |> > Toer OFF CHARGE NGATE ‘—i Vgu'ri:
4 ——1 - —]
M 1
Your
[ aND
REFREADY Imamal v
L oo Ret Ground
Black

—

SPe641

Rev. S/26/05, *Pamsnt Pending

SPB641A/BE41B  500mA Alkalne DC/DC Boost Regutator in SOT-23 @ Copyright 2002 Sipex Corporation
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PERFORMANCE CHARACTERISTICS

Refer to the circuit in Figure 1, T, = +25°C
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Figure 3. SP664TAEK - 3.3 Efficiency vs Load Current

Figure 4. SP6641BEK - 3.3 Efficiency vs Load Carrent
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Figure 5. SP664IAEKX - 3.3 Line/Load Rejection vs Load

Figure 6. SP6641BEX - 3.3 Line/Load Rejection vs Load
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Figure 7. SP6641AEK-5.0 Efficiency Vs Load Current

Figure 8. SP6641BEK-5.0 Efficiency Vs Load Current

Rav. 3/26/05, “Palent Panding SPE641AGE41E  S00mA Alkalina DG/DC Boost Regulator in SOT-23
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PERFORMANCE CHARACTERISTICS

I N o
Refer to the circuit in Figure 1, T,,  =125°C
5200 ‘ 5100
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Figure 9, SP6641AEK-5.0 Line/Load Rejection Vs Load
Current

Figure 10. SP6641BEKX-5.0 Line/Load Rejection Vs
Load Curremt
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Figure 11. SP6641AEK-3.3 & SP6641AEK-5.0 No Load
Battery Current

Figure 12. SP6641BEK-3.3 & SP664IAEK-5.0 No Load
Battery Current
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Figure 13. SP664IAEK-3.3 & SP664IAEK-5.0
Maximum Resistive Load Current in Startup

Figure 14, SP6641BEK-3.3 & SPO64IBEK-5.0
Maximum Resistive Load Current in Startup
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ORDERING INFORMATION

Part Number TOP MARK Temperature Range Package Type
SP6641AEK-3.3TR ... ... K1 o -40°C to 85°C......... (Tape & Reel)5-Pin SOT-23
8P6641BEK-3.3/TR ............L1 ... -40°C to B5°C......... {Tape & Reel}5-Pin SOT-23
SPB641AEK-5.0/TR ..........P1............... -40°CtoB5°C...... {Tape & Resl)5-Pin SOT-23
SPE641BEK-5.0/TR ............. Q1o -40°C 10 85°C......... (Tape & Reel) 5-Pin SOT-23

Available in lead free packaging. To order add “-L” suffix to part number.

Example: SP6641AEK-3.3/TR = standard; SP6641AEK-L-3.3/TR = lead free, Top Mark "H4",

/TR = Tape and Reel

Pack quantity is 2,500 for SOT23.

Sipex

SIGNAL PROCESSING EXCELLENCE

Sipex Corporation

Headquarters and
Sales Office

22 Linnell Clrcle
Billerica, MA 01821
TEL: (978) 667-8700
FAX: (978} 870-9001
a-mail: sales@sipex.com

Sales Office

233 South Hiilview Drive
Milpltas, CA BS035

TEL: (406) B34-7500
FAX: (408) §535-7600

Sipax Corporation reserves the mght to make changes te any products described harain, Sipex does hot assume any liability arising out of the
application ar use of sny produci or circuit described herein; neither doss it convey any license undes its patant rights nor the rights of others.

Rev. 526/05, *Palent Panding

5P6841A/865418  500mA Alkaline DG/DC Boost Regulator in SOT-23
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POWER RELAY

2 POLES—35 A LOW PROFILE TYPE

FTR-F1 SERIES

B FEATURES

o Low profile power relay (height 16.5 mm} employing
unigue construction
DPST/DPDT 5 A, TV-3 rating available

« Higher isolation by employing reinforced insulation con-
struction
Insutation distance: 8 mm (between coil and contact)
Dielectric strength: 5 kV (between coil and contact)
Surge strength: 10 kV (between coil and contact)

o Plastic sealed relay

# Pin configuration compatible to VB/FBR620

s UL, CSA, VDE, SEMKO, BSI recognized

« Conforms to FIMKQ, iMQ, DEMKO {(under approval)

« Environmentally friendly cadmium free contact type is
avaitable

B ORDERING INFORMATION
FTR-Ft A A 005 V —»=

[Exampie] @ B © @ & ©

{a) | Series Nama FTR-F1: FTR-F1 Series
(b} | Contact Arrangement A : 2 form A (DPST-NO}
c : 2 form C (DPET)
(c) | Coil Type A : Standard type (0.53 W}
D : High sensitive type (0.4W)
(d} | Nominal Voltage 005 :5VDC 012:12voC
006 :6VDC 024: 24 vDC
009 :9VDC 048. 48 VDC
{e} Coniact Material/TV Type Vv : Gold plate silver alloy (standard type)
T : Gold plate silver alloy (TV-3 rating type, only standard make type}
(f) Custom Designation To be assigned custom specification
Ordering Code: Actual Marking:

FTR-F1AADOGV F1AADDSV

238




FTR-F1 SERIES

W SAFETY STANDARD AND FILE NUMBERS
UL508, 873 {File No. E63614)
C 22.2 No. 14 (File No. LR40304-30/ LR107822)

VDE 0435, 0631, 0700, 0860 (File No. 11039-4940-1019)

Type Nominal voltage Contact rating
TV-Rating {FTR-F1AA{)T| 5to 48VDC TV-3 120 VAC
1/6 HP 125 VAC 1/4 HP 250 VAC
5A 24 VDC/250 VAC resistive
Pilot duty R 300
Standard/ (FTR-F1CA{)V| 5t0 48 VDC Same as above without TV-3
sensitive 2A 250VAC inductive (PF=0.4)
M SPECIFICATIONS
ltem Standard Type l Sensitive Type TV-3 Rating Type
Contact Arrangement 2 form A (DPST-NO), 2 form C (DPDT) 2 form A (DPST-NQ)
Material Gold plats silver alloy
Style Single
Resistance (initial} Maximum100 m£2 {at 1 A6 VDC)
Rating (resistive) 5 A 250 VAC/24 VDC
Maximum Carrying Cumrent 7A
Maximum Switching Rating 1,250 VA/120 W
Maximum Switching Voltage | 400 VAC 300 VDC _
Maximum Switching Current | 5A
Minimum Switching Load™’ 10 mA 5VDC
Maximum Inrush Current — 51 A 120 VAC (at lamp load)
Cail Nominal Power {at 20°C) 053W 04W 0.53W
Oporate Power (at 20°C) 0.26 W 0.225W 0.26W
Operating Temperature —40°C to +75°C (no frost) {refer to the CHARACTERISTIC DATA)
Time Value | Operate (at nominal voltage)| Maximum 15 ms
Release (at nominal voltage)| Maximum 5 ms
Insulation Resistance (at 500 VDC} Minimum 1,000 MQ
Dielactric | betwean apan cardacts 1,000 VAC 1 minute (3,000 VAC between adjacent contacts)
Strength |\ ween coland contarts] 5,000 VAC 1 minute
Surge Strength 10,000 V {at 1.2 x 50 us)
Life Mechanical 2 x 107 operations minimum
Electrical Contact Rating | 1 » 10° operations minimum
Lamp Load — 2.5 x 10* ops. minimum
Other Vibration Misoperation 10 to 55 Hz (double amplitude of 1.65 mm)
Resistance | Endurance 10 to 55 Hz (doubls amplitude of 3.3 mm)
Shock Misoperation 100 m/s? (11 £1 ms)
Resistance | £qqycance 1,000 m/s? (6 =1 ms)
Weight Approximately 12 g

*1 Minimum switching loads mentioned above are reference values. Please perform the confirmation test with the actuat load
before production since reference values may vary according to switching frequencies, environmental conditions and
expected reliability levels.
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EDISON OPTO CORPORATION

eatures

Long operating life (up to 100,000 hours)

More Energy Efficient than incandescent and most halogen lamps

Low forward voltage operated

instant light (Less than 100 ns)

No UV

High ESD protection.(More than 8kV).

ypical Applications

Reading lights

Portable flashlight

Uplighters and Downlighters

Bollards / Security / Garden lighting
Indoor and Outdoor Commercial lighting
LCD Backlights / Light guides

General lighting

tixeon 1W Emitter

3-RD-01-E0001

Lww.edison-opto.com. iw Version: 3.0
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Coison EDISON OPTO CORPORATION

:dixeon Emitter group
Emitter White Warm White Red Green

DEW-1LA1 | EDEX-1LA1 | EDER

Batwing | EDEW-1BA1 | EDEX-1BA1 | EDER-1BA3 | EDET-1BA2

Side Emitting | EDEW-1SA1 | EDEX-1SA1 | EDER-1SA3 | EDET-1SA2

Focusing EDEW-1FA1 | EDEX-1FA1 | EDER-1FA3 | EDET-1FA2

Emitter Blue Red Orange Amber

White Housing

Batwing EDEB-1BA1 | EDEO-1BA3 | EDEA-1BA3 |

Side Emitting| EDEB-1SA1 | EDEO-1SA3 | EDEA-1SA3

Focusing EDEB-1FA1 | EDEO-1FA3 | EDEA-1FA3

lixaon 1W Emifter 3-RD-01-E0001

D wWww.edison-opto.com. tw Version: 3.0 2




P
Loison EDISON OPTO CORPORATION

.ambertian Package Outlines
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Jdixeon 1W Emitter 3-RD-01-EQ001

o fwww. edison-opto.com. tw Version: 3.0 3
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latwing Package Qutlines
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lixeon 1W Emitter
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EDISON OPTO CORPORATION

.bsolute Maximum Ratings

arameter Symbol Rating Units
'C Forward Current Ir 350 mA
eak puise current;(tp <100us, Duty cycle=0.005)" louise 1000 mA
everse Voltage Vi 5 \V
ED junction Temperature ( at 350 mA) T; 125 T
perating Temperature Topr -30 ~ +110 T
torage Temperature Tstg -40 ~ +120 C
lanual Soldering Time at 260°C (Max.) Tsol 5 seconds

Duty cycle: ..o _

lixeon 1W Emitter

3-RD-01-E0001

pwww. edison-opto.corm. tw Version: 3.0
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EDISON OPTO CORPORATION

uminous Flux

fha_racteristics at IF=350mA(Ta=25 L)

| PartName  Color
RRRRi . - Min.
EDEW-1xx1 White 23.3
EDEX-1xx1  Warm White 17.9  22.0 -- Im
EDER-1xx3 Red 179 26.0 - Im
Lambertian EDEO-1xx3 Red Orange  23.3 35.0 -- Im
EDEA-1xx3 Amber 23.3  30.0 -- Im
EDET-1xx2 True Green 23.3 400 -- Im
EDEB-1xx1 Blue 12.0 - Im

EDEW-1xx1 White 23.3 36.0 - Im
EDEX-1xx1 Warm White  17.9 20.0 - Im
Batwing EDER-1xx3 Red 17.9 23.0 - Im
Focusing EDEO-1xx3 RedOrange 23.3 320 -- Im
Side Emitting  epEA_1xx3 Amber 233 270 - Im
EDET-1xx2 True Green 23.3 36.0 - Im
EDEB-1xx1 Blue 6.3 10.0 - Im

tixeon 1W Emitter 3-RD-01-E0001

o www.edison-0pto.com.iw Version: 3.0 6
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EDISON OPTO CORPORATION
orward Voltage
haracteristics at Ir==350mA(Ta=25):
Lens Item- . - Part Name - .Color o e Units -
EDEW-1xx1 White 2.8 -- 4.0 Vv
EDEX-1xx1 Warm White 2.8 - 4.0 4
Lambertian  EDER-1xx3 Red 2.0 - 2.75 vV
SideEmitting  pp 4043 RedOrange 20 - 275V
Batwing
Focusing EDEA-1xx3 Amber 2.0 - 2.75 Vv
EDET-1xx2 True Green 2.8 - 4.0 "4
EDEB-1xx1 Blue 2.8 - 4.0 v

Yavelenqgth or Color Temperature

haracteristics at Ir=350mA(Ta=25C):

EDEW-1xx1 White - 8000 K
EDEX-1xx1 Warm White 2800 - 3800 K
Lambertian  EDER-1xx3 Red 620 - 630 nm
SdeEmitting  ope 4043 RedOrange 610 - 620  nm
Batwing
Focusing EDEA-1xx3 Amber 585 - 595 nm
EDET-1xx2 True Green 515 - 535 nm
EDEB-1xx1 Blue 460 - 475 nm
lixeon 1W Emitter 3-RD-01-E0001
o www.edison-opto.com. tw Version: 3.0 7
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"hermal Resistance Junction to Board

-haracteristics at 1.=350mA(Ta=25{):

Lens Itern -

Lambertian

Side Emitting

Batwing
Focusing

P""'t Na"‘e

EDEW-1xx1
EDEX-1xx1
EDER-1xx3
EDEO-1xx3
EDEA-1xx3
EDET-1xx2
EDEB-1xx1

R COIOI’_

White
Warm White
Red
Red Orange
Amber
True Green

Blue

‘emperature Coefficient Of Forward Voltage

‘haracteristics at I-==350mA{Ta=25().

EDEW-1xx1

White

EDEX-1xx1 Warm White - -2 - mV/C
Lambertian  EDER-1xx3 Red - -2 - mV/°C
>ide Errflttmg EDEO-1xx3  Red Orange -- -2 -- mV/C
Batwing
Focusing EDEA-1xx3 Amber - -2 - mv/'C
EDET-1xx2 True Green - -2 - mV/°C
EDEB-1xx1 Biue - -2 - mV/I°C
tixeon 1W Emitter 3-RD-01-E0001
p:/www.edison-opto.com.iw Version: 3.0 8
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Coisen EDISON OPTO CORPORATION

leverse Current
‘haracteristics at Vpo=5V(Ta=25():

. Color
EDEW-1xx1 White
EDEX-1xx1  Warm White -- - 50 LA
Lambertian  EDER-1xx3 Red - - 50 pA
Side Emitting
Batwing EDEO-1xx3 Red Orange - -- 50 LA
Focusing EDEA-1xx3 Amber - - 50 UA
EDET-1xx2 True Green - -- 50 LA
EDEB-1xx1 Blue - - 50 LA
fixeon 1W Emitter 3-RD-01-E0001

o./www.edison-opfo.com. fw Version: 3.0 9
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:mission Angle
‘haracteristics at [.=350mA(Ta=25 C):

~Color ,
EDEW-1Lx1 White -- 130 -- Degrees
EDEX-1Lx1 Warm White - 130 - Degrees
_ EDER-1Lx3 Red -- 120 -- Degrees
Lambertian EDEO-1Lx3 Red Orange -- 120 -- Degrees
EDEA-1Lx3 Amber -- 120 -~ Degrees
EDET-1Lx2 True Green -- 150 -- Degrees
Blue 150 Degrees

EDEB-1Lx1

EDEW-1Sx1 White -- -- Degrees
EDEX-1Sx1 Warm White - 80 - Degrees
EDER-1Sx3 Red - 75 - Degrees
Side Emitting EDEO-1Sx3  Red Orange “- 75 -- Degrees
EDEA-1Sx3 Amber -- 75 - Degrees
EDET-1Sx2 True Green -- 80 - Degrees
EDEB-1Sx1 Blue - 80 -- Degrees
lixeon 1W Emitter 3-RD-01-E0001
2://www.edison-opto.com. tw Version: 3.0 10




EDISON OPTO CORPORATION

‘mission Angle

‘haracteristics at IrF=350mA{(Ta=25 ():

EDEW-1Fx1 White -- Degrees

EDEX-1Fx1  Warm White -- 80 -- Degrees

_ EDER-1Fx3 Red -- 35 - Degrees
Focusing  EpEO.1Fx3 RedOrange - 35 -  Degrees
EDEA-1Fx3 Amber - 35 - Degrees

EDET-1Fx2 True Green -- 40 -- Degrees

EDEB-1Fx1 Blue - 40 -- Degrees

EDEW-1Bx1

White

110

40

Degrees
EDEX-1Bx1  Warm White 110 40 Degrees
EDER-1Bx3 Red 110 35 Degrees
Batwing EDEO-1Bx3 Red Orange 110 35 Degrees
EDEA-1Bx3 Amber 110 35 Degrees
EDET-1Bx2 True Green 110 40 Degrees
EDEB-1Bx1 Biue 110 40 Degrees
Note

1.Flux is measured with an accuracy of + 15%.

2.CCT selection acc. to CCT groups and an accuracy of + 400K
3.Forward Voitage is measured with an accuracy of £ 0.2V,

4. Wavelength is measured with an accuracy of + 3nm

5.Angle is measured with an accuracy of + 10 degree

3-RD-01-E0001
Version: 3.0 11

fixeon 1W Emitier
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‘lectrical & Optical
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fixeon 1W Emijtter 3-RD-01-E0001
p:.Aww.edison-opto.com. tw Version: 3.0 12




t—.mson EDISON OPTO CORPORATION
Typical Radiation Pattern for Lambertian Typical Radiation Pattern for Side Emitting
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fixeon 1W Emitter 3-RD-01-E0001

DA www.edison-opto.com. fw Version: 3.0 13
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Operating Current & Ambient Temperature Current & Luminous Flux
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fixeon 1W Emitter 3-RD-01-E0001

o./ww. edison-opto.com. tw Version: 3.0 14




1%

C‘-DISON EDISON OPTO CORPORATION

Light QOutput & Junction Temperature
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lixeon 1V Emitter 3-RD-01-E0001
o./iwww . edison-opto.com.tw Version: 3.0 15
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