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ABSTRACT

This research is designing the circuit High Power LED Because of High Power LED
more efficiency and long lasting than others so it is widely used in industry. This advantage
brings the idea to develop a specific circuit that co-operation with High Power LED for easy to
use and low cost efficiency. In conclusion we designed High Power LED which also involved
with knowledge of Rectifier Buck Converter and Feedback The result was expected. It’s worked

and it will be an important circuit that use in industrial.
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JE POWER'’

INTEGRATIONS

Design Example Report

9.1 W LED Driver Buck Converter Using

Title LNK306PN

Specification | 108 VAC — 132 VAC Input, 70 V, 130 mA Output

Application |LED Arrays

Author Applications Engineering Department
Document

Niraber DER-172

Date April 28, 2008

Revision 1.4

Summary and Features

Constant current (CC) supply ideal for driving LEDs

Very high efficiency (>90%) throughout operating range

Compact, lightweight, inexpensive, low part-count design

Simple inductor design

Meets EN55022B limits for conducted EMI with greater than 10 dB margin.

PATENT INFORMATION

The products and applications illustrated herein (including transformer construction and circuits external to the products) may be covered
by one or more U.S. and foreign patents, or potentially by pending U.S. and foreign patent applications assigned to Power Integrations. A
complete list of Power Integrations' patents may be found at www.powerint.com. Power Integrations grants its customers a license under
certain patent rights as set forth at <http://www.powerint.com/ip.htm>.

Power Integrations
5245 Hellyer Avenue, San Jose, CA 95138 USA.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
www.powerint.com
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Important Note:

Although this board is designed to satisfy safety isolation requirements, the engineering
prototype has not been agency approved. Therefore, all testing should be performed
using an isolation transformer to provide the AC input to the prototype board.

Power Integrations
Tel: +1 408 414 9200 Fax: +1 408 414 9201
www.powerint.com Page 2 of 24
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1 Introduction

This engineering report describes a power supply utilizing the LinkSwitch-TN device
LNK306PN in a buck-converter topology.

This power supply operates using input voltages ranging from 108 to 132 VAC. This
ensures a DC bus voltage large enough to support a 70 V output. In a buck topology the
output voltage is always smaller than the input voltage. The output voltage is limited by
the maximum duty cycle of the LinkSwitch-TN, requiring the input voltage to be
sufficiently larger than the required output voltage.

This particular design requires a minimum of 108 VAC input. This circuit utilizes a 22 pF
DC bus filter capacitance which ensures the required output level given the constraints of
the LNK306PN's duty cycle. To use a truly universal input range (90 to 132 VAC) either
reduce the output voltage to 60 V or change the value of the input capacitor C2 to 68 pF.

This document contains the power supply specifications, schematic, bill of materials,
inductor specifications, printed circuit layout, and performance data for the design.

Figure 1 — Populated Circuit Board Photograph.

Power Integrations g
Tel: +1 408 414 9200 Fax: +1 408 414 9201
Page 3 of 24 www.powerint.com
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2 Power Supply Specification

Description Symbol | Min [ Typ | Max | Units Comment
Input
Voltage Vin 108 115 132 VAC 2 Wire —no P.E.
Frequency fune 50 60 64 Hz
No-load Input Power (132 VAC) 1 W
Output
Output Current 1 louT 130 mA
Output Ripple Voltage 1 VrippLET 375 mV 20 MHz bandwidth
Output Voltage 1 Vour 70 85 \Y Overvoltage Protection
Total Output Power
Continuous Output Power Pour 9.1 W
Efficiency
Full Load gl 92 % Measured at Poyr 25 °C
Environmental
Conducted EMI Meets CISPR22B / EN55022B
Safety Designed to m&eatslsEﬁzgso / UL1950
Ambient Temperature Tams 0 | I 50 L 1S Free convection, sea level

Power Integrations
Tel: +1 408 414 9200 Fax: +1 408 414 9201
www.powerint.com

Page 4 of 24
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DER-172 — 9.1 W LED Driver Buck Converter

3 Schematic

70V, 130 mA
O
VR1
1N52598
D1 D2 39V cs
1N4007 1N4007 == 33nF < R5
1NV§288 100 V $1 M
563 R2 R3

A ca o 470 Q 100 Q

F1i DS 47 uF ~ 1/8 W 1/8 W

L 1A . BYV26B 200 V F A

108 - 132 LTvei7a Z X! R4
VAC erdisiteon ko e el 7.5Q
° c2 | 1.1 mH 172 W RTN
22 yF =~ Y\ AAA o
200 V VXY
N C1 LinkSwitch-TN P1-4988-042408
100 nF U1
275 VAC D3 ol  LNK308PN
1N4007 D4 - FB
Z\1N4007 [
u28
s LTV817A
Figure 2 — Schematic.
Power Integrations
Tel: +1 408 414 9200 Fax: +1 408 414 9201
Page 5 of 24
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4 Circuit Description

4.1 Introduction

The power supply shown in Figure 2 uses the LNK306PN (U1) in a low-side buck
configuration to deliver a constant 130 mA current at a voltage of 70 VDC. The supply is
optimal for driving LEDs, which should always be driven with a constant current (CC)
rather than a constant voltage (CV) source.

4.2 AC Input and EMI Filter

Fuse F1 provides short circuit protection against catastrophic failures. Capacitor C1 and
common-mode choke L1 reduce conducted EMI. Diodes D1 through D4 provide full wave
rectification while high-voltage capacitor C2 maintains a steady DC bus voltage.

4.3 General Operation

During U1’s on time, current flows through capacitor C4, the load (a 70 V LED string),
and inductor L2. This current flow results in energy stored in L2 as well as energy
delivered to the load.

During U1’s off time, the polarity of L2 reverses in an attempt to maintain the current flow.
This polarity reversal forward biases the freewheeling diode D5, allowing current to flow
through inductor L2, and energy to be continually delivered to C4 and the load.

4.4 Device Operation and Feedback Circuit

Output regulation is maintained by U1's On/Off control scheme whereby switching cycles
are enabled and disabled (skipped) in response to changing line and load conditions. The
transistor of optocoupler U2 delivers current to U1’s feedback (FB) pin. This current is
sampled during each clock cycle, on the rising edge of the internal clock of U1. If the
current is greater than 49 pyA an entire switching cycle is skipped. C3 is the bypass
capacitor for U1.

Resistor R4 acts as a current-sensing resistor. The voltage across R4 appears across
resistor R3 and optocoupler diode U2A. R3 sets the DC gain of the feedback loop. Zener
diodes VR1 and VR2 clamp the output voltage to a maximum of approximately 75 V.
Capacitor C5 reduces noise sensitivity and improves response time of the feedback loop.
Resistor R5 acts as a bleed resistor to high-voltage output capacitor C4 (needed when
the LED load is removed).

g Power Integrations
Tel: +1 408 414 9200 Fax: +1 408 414 9201
www.powerint.com Page 6 of 24
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5 PCB Layout

oGy 1

Ut

Figure 3 — Printed Circuit Layout.

Power Integrations
Tel: +1 408 414 9200 Fax; +1 408 414 9201
Page 7 of 24
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DER-172 — 9.1 W LED Driver Buck Converter 28-Apr-08
6 Bill of Materials
ltem | Qty Ref. Description P/N Manufacturer
1 1 651 100 nF, 275 VAC, Film, X2 ECQ-U2A104ML Panasonic
22 pF, 200 V, Electrolytic, High Ripple, (10
2 1 Cc2 x 20) EEUEB2D220 Panasonic
3 1 C3 100 nF, 50 V, Ceramic, Z5U, .2Lead Space | C317C104M5U5TA Kemet
47 uF, 200 V, Electrolytic, High Ripple,
4 1 C4 (12.5 x 20) EEUEB2D470 Panasonic
5 1 C5 33 nF, 100 V, Ceramic, X7R B37987M1333K000 Epcos
D1 D2
6 4 D3 D4 | 1000V, 1 A, Rectifier, DO-41 1N4007 Vishay
400 V, 1 A, Ultrafast Recovery, 30 ns,
7 1 D5 SOD57 BYV26B Philips
8 1 F1 1A, 250V, Slow, TR5 3721100041 Wickman
3 Position (1 x 3) header, 0.156 pitch,
9 1 J1 Vertical 26-48-1031 Molex
2 Position (1 x 2) header, 0.156 pitch,
10 1 J2 Vertical 26-48-1021 Molex
11 1 =] 5 mH, 0.3 A, Common Mode Choke SU9V-03050 Tokin
12 1 L2 1.1 mH, wound on a EE19 bobbin Custom
13 1 R2 470 Q, 5%, 1/8 W, Carbon Film CFR-12JB-470R Yageo
14 1 R3 100 Q, 5%, 1/8 W, Carbon Film CFR-12JB-100R Yageo
15 1 R4 7.5Q,5%, 1/2W, Carbon Film CFR-50JB-7R5 Yageo
16 1 R5 1MQ, 5%, 1/4 W, Carbon Film CFR-25JB-1M0 Yageo
17 1 U1 LinkSwitch-TN, LNK306PN, DIP-8B LNK306PN Power Integrations
18 1 u2 Opto coupler, 35 V, CTR 80-160%, 4-DIP LTV-817A Liteon
19 1 VR1 39V, 5%, 500 mW, DO-35 1N5259B Microsemi
20 1 VR2 36V, 5%, 500 mW, DO-35 1N5258B Microsemi
Power Integrations 1
B o oo Sl
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7 Inductor Specification

7.1 Electrical Diagram

5 ®

Figure 4 — Inductor Electrical Diagram.

7.2 Electrical Specifications

Electrical Strength 1 second, 60 Hz, from Pin 1 to Pin 5 3000 VAC
Pins 1-5, all other windings open, measured at
100 kHz. 0.4 VRMS. 11 mH 10%

Primary Inductance

7.3 Materials

Item Description
[1] Core: TDK PC40EE19-Z, or equivalent Gap for AL of 107.8 nH/T*.
[2] Bobbin: EE19 Vertical 10 pin Yih Hwa YW-047 or equivalent.
[3] Magnet Wire: #27 AWG, Solderable, double-coated.
[4] Tape: Polyester Film, 3M 1298 or Equivalent, 9.0 mm wide.

Power Integrations
Tel: +1 408 414 9200 Fax: +1 408 414 9201
Page 9 of 24 www.powerint.com
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7.4 Inductor Build Diagram

[ []
Tape
WD#1
Figure 5 — Inductor Build Diagram.
7.5 Inductor Construction
Bobbin Pull Pin 2 on bobbin [2]. Bobbin pinout is shown in layout.
Preparation
Primary Start at Pin 5. Wind 110 turns of item [3]. Finish the winding on Pin 1.
Insulation Use three layers of item [4] for safety insulation.
Final Assembly S;Secsore to achieve an inductance of 1.1 mH +10 %. Assemble and secure core

Power Integrations
Tel: +1 408 414 9200 Fax: +1 408 414 9201
www.powerint.com Page 10 of 24
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8 Design Spreadsheet
The PIXIs tool was used to help design this supply. Results are shown below.

ACDC_LinkSwitch- | INPUT INFO | OUTPUT | UNIT | LinkSwitch-TN_Rev_2-6.xIs: LinkSwitch-TN Design
TN_041607; Spreadsheet

Rev.2.6; Copyright
Power Integrations

2007

INPUT VARIABLES Customer

VACMIN 108 ol | Minimum AC Input Voltage

VACMAX 132 Maximum AC Input Voltage

FL 50 Line Frequency

VO 70.00 Output Voltage

10 0.130 Output Current

EFFICIENCY (User 0.92 Overall Efficiency Estimate (Adjust to match Calculated, or enter
Estimate) Measured Efficiency)

EFFICIENCY 0.93 Calculated % Efficiency Estimate

(Calculated

Estimate)

CIN 22.00 22.00 5 Input Filter Capacitor

Input Stage 0.00 obims | Input Stage Resistance, Fuse & Filtering

Resistance

Ambient 50 deg Operating Ambient Temperature (deg Celsius)

Temperature

Switching Topology Buck Type of Switching topology

Input Rectification F F Choose H for Half Wave Rectifier and F for Full Wave Rectification
Type

DC INPUT VARIABLES

VMIN 130.5 Minimum DC Bus Voltage

VMAX ¢ 186.7 Maximum DC Bus Voltage

LinkSwitch-TN

LinkSwitch-TN LNK306 LNK306 Selected LinkSwitch-TN. Ordering info - Suffix P/G indicates DIP 8
package; suffix D indicates SO8 package; second suffix N
indicates lead free RoHS compliance

ILIMIT 0.482 At Typical Current Limit

ILIMIT_MIN 0.450 Al Minimum Current Limit

ILIMIT_MAX 0.515 Amps | Maximum Current Limit

FSMIN 62000 Halt Minimum Switching Frequency.

VDS i 6.2 ‘oits | Maximum On-State Drain To Source Voltage drop
PLOSS_LNK 0.41 Estimated LinkSwitch-TN losses

DIODE

VD 0.70 Voll Freewheeling Diode Forward Voltage Drop

VRR 400 Recommended PV rating of Freewheeling Diode
IF 1 Recommended Diode Continuous Current Rating
TRR 75 ; Recommended Reverse Recovery Time

Diode UF4005 Suggested Freewheeling Diode
Recommendation

OUTPUT INDUCTOR

IERYP. 880.2 Required value of Inductance to deliver Output Power (Includes
device and inductor tolerances) Choose next higher standard
available value

L 1100 1100 i Output Inductor, Recommended Standard Value

LR 2.0 i DC Resistance of Inductor

OPERATING MDCM Mostly Discontinuous Conduction Mode (at VMIN)
MODE

KL_TOL 1.10 1.10 Inductor tolerance Factor. Accounts for basic (10% - 20%)

Manufacturing Tolerances 1.1 < KL_TOL < 1.2 See AN-37 for
detailed explanation

K_LOSS 0.947 Loss factor. Accounts for "off-state" power loss to be supplied by

Power Integrations E
Tel: +1 408 414 9200 Fax: +1 408 414 9201
Page 11 of 24 www.powerint.com
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inductor Calculated efficiency < K_LOSS < 1. See AN-37 for
detailed explanation

ILRMS 0.20 Estimated RMS inductor current (at VMAX)

OUTPUT CAPACITOR

DELTA_V 0.70 Target Output Voltage Ripple

MAX_ESR 1556 Maximum Capacitor ESR (milli-ohms)

| RIPPLE 0.45 Output Capacitor Ripple current

FEEDBACK COMPONENTS

RBIAS 2.00 Bias Resistor. Use closest standard 1% value

RFB 78.29 Feedback Resistor. Use closest standard 1% value

CFB 10 Feedback Capacitor

C_SOFT_START 1-10 If the output Voltage is greater than 12 V, or total output and

system capacitance is greater than 100 uF, a soft start capacitor
between 1uF and 10 uF is recommended. See AN-37 for details

=

Power Integrations
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9 Performance Data
All measurements performed at room temperature, 60 Hz input frequency.

9.1 Output Characteristic

The output characteristic was obtained by removing one LED at a time from the series
string (which acted as the load).

100

90

80

70

60

50

Output Voltage (V)

9.2 Efficiency
92.5%
92.4%

92.3%

92.2% F

Efficiency (%)

91.8% [
91.7% F
91.6% F

91.5% La— v

40 F
30 F

20 F

92.1% F
92.0% F

91.9% F

T

20 40 60 80 100 120 140
Output Current (mA)

Figure 6 — Output characteristic, 115 VAC.
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105
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Input Voltage (VAC)

Figure 7 — Efficiency vs. Input Voltage.
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9.3 No-load Input Power

The no-load input power is high due to the fact that the OVP circuit formed by VR1 and
VR2 consumes close to 400 mW of biasing power.

0.940

;
0.938 F

0.936 F

0.934 Cm

0.932 F

0.930 F

0.928 F /
0.926 F //

0.924 F

No Load Input Power (W)

0.922 F

0.920 &, A - 3 Y A Y A " 2 i A A A A " A M 8 .
105 110 115 120 125 130 135

Input Voltage (VAC)

Figure 8 — Zero Load Input Power vs. Input Line Voltage.

9.4 Regulation

9.4.1 Line

131

1309 F

130.8

130.7 F

130.6 F

130.5 F
5
130.4 F

130.3 F

Output Current (mA)

130.2 F

130.1 F

130 b=
105 110 115 120 125 130 135
Input Voltage (VAC)

Figure 9 - Line Regulation, Room Temperature, Full Load.
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10 Thermal Performance

The temperatures of four components were measured at room temperature, using
separate thermocouples on each, to ensure acceptable thermal performance. The supply
was placed in a cardboard box to prevent convectional cooling by air currents in the
room. A T-type thermocouple was soldered to U1’s source pin, near its plastic casing, to
measure its temperature. The temperature of D5 was measured by soldering a
T-type thermocouple to the anode lead near its case. The transformer (T1) winding
temperature was measured with a T-type thermocouple taped to the outermost tape layer
of the transformer windings. The temperature of C2 was measured at the top of its case.

Temperature (°C)
Item
108 VAC
Ambient 29
LNK306PN (U1) 41
Freewheeling Diode (D5) 40
Transformer Windings (T1) 35
Top of Input Capacitor (C2) 35

Power Integrations
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11 Waveforms

All waveforms were taken at room temperature, 60 Hz line frequency with a series LED
load.

11.1 Drain Voltage and Current, Normal Operation

2008/02/27 15:52:24 NORM:200MS/s  S0us/div 2008/02/27 16:04:20 NORM:200MS/s  50us/div
Stopped g (S0us /div) Stopped ] (S50us/div)
s : : R : : : B CHI: ON B s 0 I 0 B CHI: ON

— S0v/div - 10001

nn ; ; . ) T an 5 50v/div 1001
: : b 0.0v
10mV /div 11 10mV /div mn
éJH(; D,Uﬂgzz‘; DC 0.0000v
cHE: OFF
glév/dlv 10 Sov/div 10
: 0.0v nc 0.
FHEN T one OFF I 1 e CH4: ol;\;
50V/div 10:1 : ! 50v/div 101
¢ 3 DC ooV . : DC o.ov
I+ Py X H " |+ 24 - b
; 5 % Record Length : ) Record Length
: : g Main: 100K ; : : : Main: 100K
In & i Bl e 7 g1 Z:u?n.' 200 5 i it i il ¥ z:‘Jm 200
: ; : Filter ] : y : : Filt
: 2 : Smoothing:  OFF 3 ; > : i Sr:l:uthlng: OFF
AR (B B AR | 4 & vollall i B sl BW. AN AT el R H T T o |5 sl 1Y ) BW: FULL
J _ ; 7 : Trigger i } Trigger
J 3 J : B Mode: NORMAL M u Mode: SINGLE
5 v L] Rl . " : Type: EDGE 4 L L " T 3 EDGE
t H w ! Source: CH2 & !IL : ; Source: cH1 £
; : f
Figure 10 — 108 VAC, Full Load. Figure 11 — 132 VAC, Full Load.
Upper: Vpran,50 V, 50 us / div. Upper: Vpran,50 V, 50 us / div.
Lower: Ipram, 0.2 A/ div. Lower: Ipran, 0.2 A / div.
11.2 Output Voltage Start-up Profile
. - 2008/02/27 18:01:12 NORM:SMS /s 2ms/div
2;:[:’?0/’703427 18:00:20 q NORM:EMS /8 [$;$z] Stopped g (2ms/div)
i g CcH: OFF - : : : cHL OFF
: : 3 s0v/div 1001 ¢ ; : H S0/dry - 1001
Dc 0.0v ETTTITITIE R € b L L PRl el e 9.0y
CHZ OFF & 3 £ 3 = CHZ OF.F
0mv/div 11 MY Zdivir LX)
DC 00000V ;B0 e, LO0DOY.
| cHa: oN CHE O
20v/div 101 20v/diyi =0
DC 0.0V DC 0.0v
by o | cHa: OFF
s0v/div - 10:1 SOV AV i1
1 Lo pC ooV
Record Length Record Length
Main: 100K Main: 100K
: Zoom: 250 | Z00m: 250
n Filter ng" Pt Il
5 maothing:
. mmmg. F&FI lew e a
Tri
Th;'ff: SO Mode:  SINGLE
’ : _ : : e Typel  EDGE
= e, T, T Ik § : : . : . S B
Figure 12 — 108 VAC Start-up Profile Figure 13 — 132 VAC Start-up Profile
20 V/div, 2 ms/ div. 20 V, 2 ms/ div.
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11.3 Drain Voltage and Current Start-up Profile

NORM:200MS /s Tms/div

(ims/div)

1 : 3 CHY

1 : : 50V/div
t : : o

‘| cHz:

2008/02/27 160311
Stopped 3

DC
CH3:
50V /div
bC

b

CH4:
s0v/div
DC

ON
100:1
o0ov
ON

10mV /div m
0.0000V

OFF
1001
0.0v
OFF
1001
0oV

L
Record Length
Main: 2M
............ ...| Zoom: K
Filter
Smoothing: OFF
BW: FULL
Trigger
Mode:  SINGLE
.............. Type: EDGE
Source: CH1 £
¥

Figure 14 — 108 VAC Input and Maximum Load.
Upper: lDRA|N! 0.2 A/ div.
Lower: VDRAIN: 50 V, 1 ms /div.

2008/02/27 16:05:23 NORM:200MS/s  1ms/div

Stopped (Ims/div)
: T . CHI ON
50V /div 100:1
DC o.ov
CHz2: ON
10mV /div mn
bC 0.0000v
CH3: OFF
50V /div 10:1
DC 0.0V
Inf. CH4: OFF
S0V/div 101
5 DC 0.0V
= e
: Record Length
Main: 2M
Zoom: 4K

Filter

Figure 15— 132 VAC Input and Maximum Load.
Upper: IDHAIN; 0.2 A/ div.
Lower: Vpramn, 50 V, 1 ms/ div.
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11.4 Output Ripple Measurements

11.4.1 Ripple Measurement Technique

For DC output ripple measurements, use a modified oscilloscope test probe to reduce
spurious signals. Details of the probe maodification are provided in figures below.

Tie two capacitors in parallel across the probe tip of the 4987BA probe adapter. The
capacitors include a 0.1 uF / 50 V ceramic type and 1.0 uF / 50 V aluminum electrolytic.
The aluminum-electrolytic capacitor is polarized, so always maintain proper polarity
across DC outputs. (Refer to Figure 16 and Figure 17.)

Probe Ground

Figure 17 — Oscilloscope Probe with Probe Master (www.probemaster.com) 4987A BNC Adapter.

(Modified with wires for ripple measurement, and two parallel decoupling capacitors added)

E Power Integrations
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11.4.2 Measurement Results

2008/02/27 18:05:26
b
3

NORMSMS8/s  2ms/div

Stopped

(2ms/div.

Traced: P-P '~ 98.00mv

©20us /v

CH1: OFF

- S0V /div 100
bc o0.ov
CHZ: OFF

- 10mV/div 1
DC 0.0000v
CH3: ON
S0mV /div m
AC

| CH4: OFF
50V/div 10:1
DC 0.ov

Record Length

Main:

Zoom:

Filter

Trigger
‘| Mode!
Type:
Source:

Figure 18 — Output Ripple, 108 VAC, Full Load.
2ms, 50 mV /div.

100K
1K
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.| sovzaiv 1000
'] 0.0V
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| mvzdiv 1
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Zoom: K
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Figure 19 — Output Ripple, 132 VAC, Full Load.
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12 Conducted EMI

RBU 9 kHz HMarker 1 [T2 1

nT 500 s 30,16 dBpU

Att 10 dB AUTO 210.036212879 kHz

dBul 53 1 MHz é 18 MHz
LINIT CHECK  |PASY LosPar
-0 SOL L QSREEH
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,{'

K g BARGRAPH
PR HAZHOLD

e %
: : {5 W )‘3[ e

5 3 g N B LNy PO A h
20 2 S T P

--10

1560 kHz 36 MH=z
[SPECTRUH SCREEN B

Figure 20 — Conducted EMI, Maximum Steady State Load, 115 VAC, 60 Hz, and EN55022 B Limits.
Output Connected to Atrtificial Hand.
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13 Revision History

Date Author Revision Description & changes Reviewed
28-Apr-08  SGK 1.4 Initial Release JD
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Notes
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LinkSwitch-TN Family

59

= POWER

INTEGRATIONS

Lowest Component Count, Energy-Efficient

Off-Line Switcher IC

Product Highlights

Cost Effective Linear/Cap Dropper Replacement

* Lowest cost and component count buck converter solution

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

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

e 66 kHz operation with accurate current limit — allows low cost
off-the-shelf I 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

e Current limit operation rejects line ripple

Universal input voltage range (85 VAC to 265 VAC)

Built-in current limit and hysteretic thermal protection

Higher efficiency than passive solutions

Higher power factor than capacitor-fed solutions

Entirely manufacturable in SMD

o o e o o

EcoSmart’- Extremely Energy Efficient

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

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

AAA
Yvyy
E; =
FB| |BP
. r I
+ D heed S +
Wide Range  LinkSwitch-TN DC
HV DC Input T Output
o )

P1-3492-111903

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

OUTPUT CURRENT TABLE'
230 VAC £15% 85-265 VAC
PRODUCT*
MDCM? | CCM® | MDCM? | CCM®
LNK302P/G/D | 63 mA [ 80 mA | 63mA | 80 mA

LNK304P/G/D [ 120 mA [ 1770 mA | 120 mA [170 mA

LNK305P/G/D | 175 mA | 280 mA | 175 mA |280 mA

LNK306P/G/D | 225 mA | 360 mA | 225 mA 360 mA

Table 1. Quiput Current Tuble.

Notes:

1. Typical output currentin a non-isolated buck converter. Output power
capability depends on respective outputvoltage. See Key Applications
Considerations Section for complete description of assumptions,
including fully discontinuous conduction mode (DCM) operation.
Mostly discontinuous conduction mode.

Continuous conduction mode.
Packages: P: DIP-8B, G: SMD-8B, D: SO-8C.

Hown

LinkSwitch-TN devices integrate a 700 V power MOSFET,
oscillator, simple On/Off control scheme, ahighvoltage switched
current source, frequency jittering, cycle-by-cycle current limit
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 safely limits
output power during fault conditions such as short-circuit or
open loop, reducing component count and system-level load
protection cost. A local supply provided by the IC 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.

November 2008
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Figure 2a. Functional Block Diagram (LNK302).
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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 pF external bypass capacitor for the
internally generated 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 UA is delivered into this pin.

SOURCE (S) Pin:
This pin is the power MOSFET source connection. It is also the
ground reference for the BYPASS and FEEDBACK pins.

P Package (DIP-8B)

G Package (SMD-8B) D Package (SO-8C)

S L] 815 67 S
s {2 [73s 73 s
BP 3] 6) S

5y s

FB (4] (53D

3a 3b

PI-3491-120706

Figure 3. Pin Configuration.

LinkSwitch-TN Functional
Description

LinkSwitch-TN combines a highvoltage power MOSFET switch
withapower supply controllerin one device. 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, BY PASS pin under-
voltage circuit, 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 amount of frequency jitter, typically 4 kHz
peak-to-peak, to minimize EMI emission. The modulation rate
of the frequency jitteris set to 1 kHz to optimize EMI reduction
for both average and quasi-peak emissions. The frequency
jitter should be measured with the oscilloscope triggered at
the falling edge of the DRAIN waveform. The waveform in
Figure 4 illustrates the frequency jitter of the LinkSwitch-TN.

Feedback Input Circuit

The feedback input circuit at the FB pin consists of a low
impedance source followeroutputsetat .65 V. When the current
deliveredinto this pin exceeds 49 LA, alow logic 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
that cycle (enabled), otherwise the power MOSFET remains off
(disabled). Since the sampling is done only at the beginning of
each 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 V Shunt Voltage Clamp

The 5.8 V regulator charges the bypass capacitor connected to
the BYPASS pin to 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 LinkSwitch-TN
tooperate continuously from the currentdrawn from the DRAIN
pin. A bypass capacitor valuc of 0.1 UF is sufficient for both
high frequency decoupling and energy storage.

In addition, there is a 6.3 V shunt regulator clamping the
BYPASS pinat 6.3V 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 voltage drops below 4.85 V.
Once the BYPASS pin voltage drops below 4.85 V, it must rise
back to 5.8 V to enable (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.
When the 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 currentlimitcircuitsenses the currentin the power MOSFET.

When this current exceeds the internal threshold (T yqp)- the
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Figure 4. Frequency Jitter.

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 (t,, ) 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 (I.LNK304-306 only)

In the event of a fault condition such as output overload, output
short,oranopen 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

12V, 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 comprises fusible resistor RFI, diodes D3 and
D4, capacitors C4 and C5, and inductor 1.2. 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 short-circuit
(component fails safely open-circuit without emitting smoke,
fire or incandescent material).

The power processing stage is formed by the LinkSwitch-TN,
freewheeling diode DI, output choke L1, and the output
capacitor C2. The LNK304 was selected such that the power
supply operates in the mostly discontinuous-mode (MDCM).
Diode D1 isan ultra-fast diode with a reverse recovery time (t)
of approximately 75 ns, acceptable for MDCM operation. For
continuous conduction mode (CCM) designs, adiode witha t_of
<35nsisrecommended. 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 D1 and D2 are
identical. Therefore, the voltage across C3 tracks the output
voltage. The voltage developed across C3is sensed and regulated
via the resistor divider R1 and R3 connected 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. [f
this exceeds I then subsequent cycles will be skipped until the
current reduces below I .. Thus, as the output load is reduced,
more cycles will be skipped and if the load increases, fewer

R1
13.0 kQ
1%
AAA
h A\ B 7
R3 _L 3
in L2 $205ke T 104F D2
2W 1 mH Fel [sp C1 1% T 5V 1N4005GP
Tio0nF LA o012V,
03 D S L1 120 mA
= o 1 mH
o065 1N4007 o LinkSwitch-TN il el
VAC X 4.7 uF 47yF  LNK304 D1 100 uF 25 5%
D4 400 V T 400V UF4005 16V
1N4007
Vg |
o L) i O RIN PI-3757-112103

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

RF1 D3 L2
b 0 D]
0

AC a
INPUT 5 4=

7z

D4

p (oo 1

Optimize hatched copper areas ([~ ) for heatsinking and EMI.

PI-3750-121106

Figure 6a. Recommended Printed Circuit Layout for LinkSwitch-TN in a Buck Converter Configuration using P or G Package.

AC

INPUT ca =

C5' 3=

D2 c2 pC

OUTPUT

oFw—o © °)J

D4

| o}—K+{o o e}

0 o =

Optimize hatched copper areas ([ _7_/]) for heatsinking and EMI.

P1-4546-011807

Figure 6b. Recommended Printed Circuit Layout for LinkSwitch-TN in.a Buck Converter Configuration using D Package

to Bottom Side of the Board.

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 voltageacross
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 kQ.

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 conductionmode (MIDCM) and continuous
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 =70 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 diode with
t <35 nsis used.

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
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NTEGRATIONS

Rev.111/08



64

TOCPOLOGY BASIC CIRCUIT SCHEMATIC KEY FEATURES
High-Side AN—9— 1. Output referenced to input
Buck - . J_ 2. Positive output (V) with respect to -V
Direct g 5 3. Step down -V <V,
Feedback —" 4. Low cost direct feedback (+10% typ.)
+ D > E_g
Vi LinkSwitch-TN :: v,
; e
PI-3751-121003
High-Side X 1. Output referenced to input
Buck — X o 2. Positive output (V,)) with respect to -V,
Optocoupler " T el o |3 Stepdown-V, <V,
Feedback D s + | 4. Optocoupler feedback
LinkSwitch:TN é - Accuracy only limited by reference
Vin = Vo choice
- Low cost non-safety rated opto
= Z - No pre-load required
5. Minimum no-load consumption
Low-Side
Buck -
Optocoupler
Feedback
1. Output referenced to input
2. Negative output (V,)) with respect to +V,,
PI-3753-111903 3 Step down ¥, VO < VIN
Low-Side o 4. Optocoupler feedbgck
Buck — ,o }% g - A;:cyracy only limited by reference
Constant = il el
Current LED \ HingawitchZ5 i - Low cost non-safety rated opto
Driver / R - No pre-load required
b 7 S : - Ideal for driving LEDs
s \N &5 T ﬂ ’; f 5 Y :
- S bl D o Ve PHB7EE112103
7
High-Side y
Buck Boost - | |
Direct s
Feedback FRl.LSP
T D S I 2
Vi LinkSwitoh-TN Vo, | 1. Output referenced to input
- 1- 2 2. Negative output (V) with respect to +V,
PI1-3755-121003 3 Step up/down — VO > VIN or VO < VIN
- - 4. Low cost direct feedback (x10% typ.)
High-Side =Wy Loy 5. Fail-safe — output is not subjected to input
SUthBofst = . seheE 2 T;‘ voltage if the internal MOSFET fails
onstan B |BP 7 Rsense 6. Ideal for driving LEDs — better accuracy
Current LED E_ELIS 1 L“_’)‘]‘:_I Nl N \ and temperature stability than Low-side
Driver LinkSwitch-TN 3 § Buck constant current LED driver
Vin 100F 100nF== XA R
50V T N N
i N X
5 .
PI1-3779-120803

Tuble 2. Common Circuit Configurations Using LinkSwitch-TN. (continued on next page)
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TOPOLOGY BASIC CIRCUIT SCHEMATIC KEY FEATURES
Low-Side 1. Output referenced to input
Buck Boost — o 2. Positive output (V) with respect to +V,
Optocoupler s 3. Step up/down -V >V, orV <V,
Feedback ; ; 4. Optocoupler feedback

v SiakSwrchn - Accuracy only limited by reference

e y c'ihoice f ;

[t - Low cost non-safety rated opto
L PELLIEE - No pre-load required
s D PI-3756-111903 5. Fail-safe — output is not subjected to input
voltage if the internal MOSFET fails

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

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

Topology Options

LinkSwitch-TN can be used in all common topologies, with or
withoutan optocouplerand reference toimprove output voltage
tolerance and regulation. Table 2 provide a summary of these
configurations. For more information see the Application
Note — LinkSwitch-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 D1 should be an ultra-fast type. For MDCM, reverse
recovery time t_<75 ns should be used at a temperature of
70 °Corbelow. Slower diodes are notacceptable,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
t. <35 ns should be used. A slower diode may cause excessive
leading 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 Diode D2

Diode D2 can be a low-cost slow diode such as the 1IN400X
series, howeverit 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
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
PI 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 notexceed the rated ripple voltage divided by the typical
current limit 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
2Kk€. This ensures good noise immunity by biasing the feedback
network with a current of approximately 0.8 mA.

Feedback Capacitor C3

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

- POWER'
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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 | 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-TN are 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 (L.1),
freewheeling diode (D1), and output capacitor (C2) should
be kept as small as possible. The BYPASS pin capacitor
Cl (Figure 6) should be located physically close to the
SOURCE (S) and BYPASS (BP) pins. To minimize direct
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
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 reccommended:

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 conductionmode (CCM) and/or higher ambients,
then a diode with a reverse recovery time of 35 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 voltage and maximum ambient temperature, verify
that the LinkSwitch-TN SOURCE pin temperature is
100 °C or below. This figure ensures adequate margin due
to variations in R ¢ (o, from part to part. A battery powered
thermocouple meteris recommended to make measurements
when the SOURCE pins are a switching node. Alternatively,
the ambient temperature may be raised to indicate margin
to thermal shutdown.

Ina LinkSwitch-TN design using a buck or buck boost converter
topology, the SOURCE pin is a switching node. Oscilloscope
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 mustalways
be supplied from an isolated source (e.g. via an isolation
transformer).
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ABSOLUTE MAXIMUM RATINGS®

DRAINNVoltage e i s im v s e -0.3Vto700V Notes:
Peak DRAIN Current (LNK302)................. 200mA (375 mA)?® 1. All voltages referenced to SOURCE, T, =25°C.
Peak DRAIN Current (LNK304)................. 400 mA (750 mA)® 2. The higher peak DRAIN current is allowed if the DRAIN
Peak DRAIN Current (ILNK3053)................. 800mA (1500 mA)® to SOURCE voltage does not exceed 400 V.
Peak DRAIN Current (LNK306)................. 1400mA(2600 mA)® 3. Normally limited by internal circuitry.
FEEDBACK Voltage i, 0.3 Vto9V 4 1/16in. from case for 5 seconds.
EEERBACIK Current el i i o 100 mA 5. Maximum ratings specified may be applied, one at a time,
BYPASST Voltage shiiiininuinii i -03 Vo 9V without causing permanent damage to the product.
Storaseilemperature. o e ca Lol -65°Cto150°C Exposure to Absolute Maximum Rating conditions for
Operating Junction Temperature™ .........coo...o. -40°Cto 150°C extended periods of time may affect product reliability.
[Eeadtleniperaturet e iin e i 260 °C

THERMAL IMPEDANCE
Thermal Impedance: P or G Package: Notes:

[CERE s o ey 70 °C/W®; 60 °C/W™ 1. Measured on pin 2 (SOURCE) close to plastic interface.
Gl ey & 40 S SEe 1 °C/W. 2. Measured on pin 8 (SOURCE) close to plastic interface.
D Package: 3. Soldered to 0.36 sq. in. (232 mm?), 2 oz. (610 g/m>) copper clad.
CEisin.y & &y 100 °C/W®: 80 °C/W™ 4. Soldered to 1 sq. in. (645 mm?), 2 oz. (610 g/m?) copper clad.
02 ol T L) 30 °CIW
Conditions
Parameter Symbol | SOURCE=0V.T,=-4010 125°C | Min | Typ | Max | Units
See Figure 7
(Unless Otherwise Specified)
CONTROL FUNCTIONS
Average 62 66 70
Oy .5 T, =25°C : kHz
Frequency ; Peak-Peak Jitter 4
Laximim Duty oe S2 Open 66 69 72 %
Cycle
FEEDBACK Pin
Turnoff Threshold he FAREA 30 49 68 HA
Current
FEEDBACK Pin
Voltage at Turnoff Voo 1.54 1,65 1.76 \%
Threshold
V. =2V
I (MOSFET Not Switching) 160 220 nA
See Note A
DRAIN Supply FEEDBACK | LNK302/304 200 | 260
Current Open
1% (MOSFET LNK305 220 280 uA
Switching)
See Notes A, B LNK306 250 310
B POWER
INTEGRATIONS
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Conditions
Parameter Symbol | SOURCE=0V;T,=-40t10125°C | mMin | Typ | Max | Units
See Figure 7
(Unless Otherwise Specified)
CONTROL FUNCTIONS (cont.)
: V=0V LNK302/304 -5.5 -3.3 -1.8
BYPASS Pin o =20 LNK305/306 | -75 | -46 | -25 .
m
Charge Current | V=4V LNK302/304 -3.8 -2.3 -1.0
i T,=25°C LNK305/306 | -4.5 33 15
SO Vo 555 | 58 | 6.10 v
Voltage
g g\ 095 | 1.2 v
Voltage Hysteresis
S L. See Note D 68 uA
Supply Current
CIRCUIT PROTECTION
: di/dt = 55 mA/us
T,=25°C 126 136 146
LNK302
di/dt = 250 mA/us
T,=25° 145 165 185
di/dt = 65 mA/us
T, =25 240 257 275
- LNK304
di/dt = 415 ronA/ps 571 308 345
N I - (See T,=25°C
Current Limit Note E mA
oteE) | gi/dt =75 mAlus A o 5 .
TJ =258C
LNK305
di/dt = 500 mA/us
T,=25° 396 450 504
di/dt = 95 mA/us
T,=25°C 450 482 515
LNK306
di/dt = 610 mA/us
T,=25°C 508 578 647
LNK302/304 280 360 475
Minimum On Time |ty LNK305 360 460 610 ns
LNK306 400 500 675
Leading Edge T =25°C
: : 1 J 170 215 ns
Blanking Time = See Note F
Thermal Shutdown T 135 142 150 oC

Temperature

SD

EPOWER
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Conditions
Parameter Symbol | SOURCE=0V,T,=-4010125°C | Min | Typ | Max | Units
See Figure 7
(Unless Otherwise Specified)
CIRCUIT PROTECTION (cont.)
| St
;D‘:{:’rasi LUl R See Note G 75 °C
ere
OUTPUT
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 - lp, =25 mA T, =100 °C 38 44.2 -
Resistance e LNK305 T /525°C 12 13.8
I, =35mA T,=100°C 19 22.1
LNK306 T,=25°C % 8.1
lp = 45 mA T,=100°C 11 12.9
LNKS302/304 50
: V,,=62V,V_. 22V,
I(_)eFai-: t:tgt?ri:lr?t s L Yos= 560 1 2 i e
J LR7NS LNK306 90
= 6. V_, =
Breakdown Voltage| - BV, Ve ?J 2:25 12 2% '\ 700 v
Rise Time tq Measured in a Typical Buck S0 ns
Fall Time t Converter Application 50 ns
DRAIN Supply 50 Y
Voltage
gg;{g;t Enable Y See Figure 9 10 us
Output Disable
: t 0.5 S
Setup Time o] 3
Auto-Restart i T, = 25%¢ LNK302 Not Applicable i
ON-Time & See Note H LNK304-306 50
Auto-Restart = LNK302 Not Applicable /
Duty Cycle A LNK304-306 6 3

EPowER
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NOTES:

A. Total current consumption is the sum of I, and lyss When FEEDBACK pin voltage is =2 V (MOSFET not
switching) and the sum of Iy, 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. For current limit at other di/dt values, refer to Figure
F. This parameter is guaranteed by design.

G. This parameter is derived from characterization.

13.

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

frequency).

50 V

470 Q
5W 470 kQ
=TT a WY Tl o FB
S1 S2

|l

P1-3490-060204

Figure 7. LinkSwitch-TN General Test Circuit.

<.t to >
l—— t4
HV o5 9o%+
DRAIN oo it
VOLTAGE i to
10%
e L ey

PI-2048-033001

DCMAX |
(internal signal)
B

|—— tp——|

FB

BF

-

PI-3707-112503

Figure 8. LinkSwitch-TN Duty Cycle Measurement.

Figure 9. LinkSwitch-TN Qutput Enable Timing.
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Typical Performance Characteristics
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Figure 10. Breakdown vs. Temperature.
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Figure 14. BYPASS Pin Start-up Waveform.
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Figure 11. Frequency vs. Temperature.
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Typical Performance Characteristics (cont.)
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Drain Voltage (V)

Figure 16. C . vs. Drain Voltage.

PART ORDERING INFORMATION

LinkSwitch Product Family

TN Series Number

Package Identifier

G Plastic Surface Mount DIP

P Plastic DIP

D Plastic SO-8C

Lead Finish

N Pure Matte Tin (RoHS Compliant)

G RoHS Compliant and Halogen Free (D package only)

Tape & Reel and Other Options

Blank | Standard Configurations
= Tape & Reel, 1 k pcs minimum for G Package. 2.5 k pcs
LNK 304G N-TL ) for D Package. Not available for P Package.

14 EToWER
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DIP-8B
’L‘ @D 51.004 (.10 137 (3.48) Notes:
-E- ’.__J: MINIMUM 1. Package dimensions conform to JEDEC specification
'_'| 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.
3. Dimensions shown do not include mold flash or other
-:%—g-(g—%g% ) 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.

Pin 1 5 [ ) ) e e P 5. Minimum metal to metal spacing at the package body for
the omitted lead location is .137 inch (3.48 mm).
.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)
' (NOTE 6)
125 (3.18) 015 (.38
¥
A
PLANE 1120 (3.05 =015 (:38)
.140 (3.56)
LL : .300 (7.62) BSC i
.100 (2.54) BSC —H{ | .048 (1.22) ! (NOTE 7) !
014(:36) .053 (1.35) 300 (7.62) P08B
2o 022 (-56) ]C‘BITIE|D $.010 (.25) M‘ I .390 (9.91) ! PI-2551-121504

137 (3.48)
MINIMUM

372 (9.45)
388 (9.86) _

1100 (2 54) (BSC)

iy .367(9.32)
| .387 (9.83) |
} .057 (1.45)
125 (3.18) 1068 (1.73)
.145 (3.68) (NOTE 5)
e
o:g ( _8_1_) : _,_,.J L LJ.om (.22 | L.oog (23)

.053 (1.35)

Notes:

1. Controlling dimensions are
inches. Millimeter sizes are
shown in parentheses.

. 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-
wise to Pin 8 when viewed
from the top. Pin 6 is omitted.

4. Minimum metal to metal
spacing at the package body
for the omitted lead location
is .137 inch (3.48 mm).

5. Lead width measured at
package body.

6. D and E are referenced
datums on the package
body.

046 060

060 .046

Solder Pad Dimensions

\
[~.004 (:10) T
.004 (.10) .036 (0.91) \ 08’
012 (.30) 044 (1.12) G08B

P1-2546-121504
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S0O-8C

(N[00 (0.004) [ca-B]2x
e A = DETAIL A
4.90 (0.193) BSC
@j ‘4—&
8 E
T et jGAUGE
* PLANE
SEATING /
PLANE
/A\ 3.90 (0.154) BSC 6.00 (0.236) BSC 079: T
4® ¢ 1.04 (0.041) REF — < - g;g (0.010)

0.40 (0.016)
1.27 (0.050)

Pin1ID
1.27 (0.050) BSC——B |
l eae

X T 1 74 [S]o200.008)[c ]
- 2X

7X 0.31 - 0.51 (0.012 - 0.020)

[6]0.25 (0.010) @]c[a-B[D|

~

1.35 (0.053) 1.25 -1.65

1.75 (0.069) ( (0.049 - 0.065) DETAIL A
0.10 (0.004)

0.25 (0.010)
%Eﬂ%{ "7x SEATING PLANE

0.17 (0.007)
0.25 (0.010)
Reference
Solder Pad T
Dimensions
O Notes:
* 1. JEDEC reference: MS-012.
2.00 (0.079) 4.90 (0.193) Package outline exclusive of mold flash and metal burr.
3. Package outline inclusive of plating thickness.
¢ Datums A and B to be determined at datum plane H.
. | S G 5. Controlling dimensions are in millimeters. Inch dimensions
are shown in parenthesis. Angles in degrees.
DO7C 1.27 (0.050) —p | o | |<a— 060 (0.024)

PI1-4526-040207
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LNK302/304-306

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
E 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 Turnoff Threshold and
removed condition.

H 1) Added SO-8C package. 12/06
I 1) Updated Part Ordering Information section with Halogen Free 11/08
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For the latest updates, visit our website: www.powerint.com

Power Integrations reserves the right to make changes to its products at any time to improve reliability or manufacturability. Power
Integrations does not assume any liability arising from the use of any device or circuit described herein. POWER INTEGRATIONS MAKES
NO WARRANTY HEREIN AND SPECIFICALLY DISCLAIMS ALL WARRANTIES INCLUDING, WITHOUT LIMITATION, THE IMPLIED
WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF THIRD PARTY RIGHTS.

Patent Information

The products and applications illustrated herein (including transformer construction and circuits external to the products) may be covered
by one or more U.S. and foreign patents, or potentially by pending U.S. and foreign patent applications assigned to Power Integrations. A
complete list of Power Integrations patents may be found at www.powerint.com. Power Integrations grants its customers a license under
certain patent rights as set forth at http:/www.powerint.com/ip.htm.

Life Support Policy

POWER INTEGRATIONS PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR
SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF POWER INTEGRATIONS. As used herein:

1. A Life support device or system is one which, (i) is intended for surgical implant into the bodly, or (i) supports or sustains life, and (ii)

whose failure to perform, when properly Used in accordance with instructions for use, can be reasonably expected to result in significant

injury or death to the user.

2. A critical component is any component of a life support device or system whose failure to perform can be reasonably expected to cause
the failure of the life support device or system, or to affect its safety or effectiveness.

The Pl logo, TOPSwitch, TinySwitch, LinkSwitch, DPA-Switch, PeakSwitch, EcoSmart, Clampless, E-Shield, Filterfuse, StakFET, Pl Expert
and PI FACTS are trademarks of Power Integrations, Inc. Other trademarks are property of their respective companies.

©2006, Power Integrations, Inc.

Power Integrations Worldwide Sales Support Locations

World Headquarters

5245 Hellyer Avenue

San Jose, CA 95138, USA.
Main: +1-408-414-9200
Customer Service:

Phone: +1-408-414-9665

Fax: +1-408-414-9765

e-mail: usasales@powerint.com

China (Shanghai)

Room 1601/1610, Tower 1

Kerry Everbright City

No. 218 Tianmu Road West
Shanghai, PR.C. 200070
Phone: +86-21-6354-6323

Fax: +86-21-6354-6325

e-mail: chinasales@powerint.com

China (Shenzhen)

Rm A, B & C 4th Floor, Block C,
Electronics Science and
Technology Bldg., 2070
Shennan Zhong Rd,

Shenzhen, Guangdong,

China, 518031

Phone: +86-755-8379-3243
Fax: +86-755-8379-5828
e-mail: chinasales@powerint.com

Germany

Rleckertstrasse 3

D-80336, Munich

Germany

Phone: +49-89-5527-3910

Fax: +49-89-5527-3920

e-malil: eurosales@powerint.com

India

#1, 14th Main Road
Vasanthanagar
Bangalore-560052 India

Phone: +91-80-4113-8020

Fax: +91-80-4113-8023

e-mail: indiasales@powerint.com

Italy

Via De Amicis 2

20091 Bresso Ml

Italy

Phone: +39-028-928-6000

Fax: +39-028-928-6009

e-mail: eurosales@powerint.com

Japan

Kosei Dai-3 Bldg.

2-12-11, Shin-Yokomana,
Kohoku-ku

Yokohama-shi Kanagwan
222-0033 Japan

Phone: +81-45-471-1021

Fax: +81-45-471-3717

e-mail: japansales@powerint.com

Korea

RM 602, 6FL

Korea City Air Terminal B/D, 159-6
Samsung-Dong, Kangnam-Gu,
Seoul, 135-728, Korea

Phone: +82-2-2016-6610

Fax: +82-2-2016-6630

e-mail: koreasales@powerint.com

Singapore

51 Newton Road
#15-08/10 Goldhill Plaza
Singapore, 308900
Phone: +65-6358-2160
Fax: +65-6358-2015

Taiwan

5F No. 318, Nei Hu Rd., Sec. 1
Nei Hu Dist.

Taipei, Taiwan 114, R.0.C.
Phone: +886-2-2659-4570

Fax: +886-2-2659-4550

e-mail: taiwansales@powerint.com

Europe HQ

1st Floor, St. James’s House
East Street, Farnham

Surrey GU9 7TJ

United Kingdom

Phone: +44 (0) 1252-730-141
Fax: +44 (0) 1252-727-689
e-mail: eurosales@powerint.com

Applications Hotline
World Wide +1-408-414-9660

Applications Fax
World Wide +1-408-414-9760

e-mail: singaporesales@powerint.com
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LTV-817 Series

Features Package Dimensions
- Current transfer ratio
(CTR : MIN. 50% at lr=5mA, Vce=5V)

Pin No. ond Internal

- High input-output isolation voltage: o L AR i e
(Viso : 5,000Vims) Lo | e

- Compact dual-in-line package
LTV-817 : 1-channel type

.5£0.5
56)

@

-

N

-

[

Lo
—~o

o

Y

LTV-827 : 2-channel type - """‘
LTV-847 : 4-channel type foclony Cote 3T TR : z
- UL approved (No. E113898) 1. Aode 3, Enitter

2. Cathode 4. Collector

- TUV approved (No. R9653630)

- CSA approved (No. CA91533-1)

- FIMKO approved (No. 202634)

- NEMKO approved (No. P98101945)
- DEMKO approved (No. 307857)

7.6240.3
(3)

- SEMKO approved (No. 9832157/01-03) | o
- VDE approved (No. 094722) =T o
- Options available : 762 ~ 998
-Leads with 0.4"(10.16mm)spacing (M Type)
-Leads bends for surface mounting(S Type)
-Tape and Reel of Type | for SMD(Add"-TA"S uffix) e
-Tape and Reel of Type Il for SMD(Add"-TA1"Suffix) Yeor Code 1 Meck Code 13 comclion Gogrom
-VDE 0884 approvals (Add"-V"Suffix) ' I;“ q?/ : U U
C0I200 fRonk w4
LTV827(1] 65205
(.256)
B B
Foctory Code *3, d.;.] I—;-h d4_1 L&h 1 3 +
Applications 3 Gt & Eetr

. Computer terminals.

. System appliances, measuring instruments.

. Registers, copiers, automatic vending machines.

. Electric home appliances such as fan heaters, etc.

. Signal transmission between circuits of different
potentials and impedances.

7.62£0.3

a5 WN =

0.353%
(014)

7.62 ~ 9.98

-110
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PIN NO. AND INTERNAL CONNECTION DIAGRAM

Year Code *1 Week Code *2
e g a1 50 1 A I e s s o )
[\h{]% o i\_/‘[ U U U
LTV847LJ_ 6.5£0.5
(.256)
[ i ’_,,, m m
Anode, )
Factory Code *3)<r+ t t t t t + t
IR 1 L6 RN B P 5 ) e | MR ! i . .
1,3.5,7.  Anode 9,11,13,15.  Emitter
2,4,6,8. Cathode 10,12,14,16. Collector

19.8440.5
(781)

3.510.5
(.138)
ar
2 i
2.5410.25 l 4 7.62 ~ 9.98

Q)] (02)

Note:

1.Year date code.

2. 2-digit work week.

3. Factory code shall be marked (Z : Taiwan, Y : Thailand).
4.Rank shall be or shall not be marked.

5. All dimensions are in millimeters (inches).

6. Tolerance is & 0.25mm (.010”) unless otherwise noted.
7. Specifications are subject to change without notice.

Ordering Information

Part Number Package Safety Standard Approval Application part o
number m

LTV-817 4-pin DIP - UL approved E.I
LTV-817M 4-pin (leads with 0.4" spacing) + TUV approved )
LTV-817S 4-pin (lead bends for surface mount) - CSA approved LTV-817 (o]
LTV-817S-TA 4-pin (tape and reel packaging of type 1) + FIMKO approved Q
LTV-817S-TA1 4-pin (tape and reel packaging of type Il) + NEMKO approved e
LTV-827 8-pin DIP * SEMKO approved o
LTV-827M 8-pin (leads with 0.4" spacing) + DEMKO approved 3
LTV-827S 8-pin (lead bends for surface mount) LTV-827
LTV-827S-TA 8-pin (tape and reel packaging of type I)
LTV-827S-TA1 8-pin (tape and reel packaging of type II)
LTV-847 16-pin DIP
LTV-847M 16-pin (leads with 0.4" spacing)
LTV-847S 16-pin (lead bends for surface mount) LTV-847
LTV-847S-TA 16-pin (tape and reel packaging of type 1)
LTV-847S-TA1 16-pin (tape and reel packaging of type II)
LTV817-V 4-pin DIP - VDE approved
LTV817M-V 4-pin (leads with 0.4" spacing)
LTV817S-V 4-pin (lead bends for surface mount) LTV-817
LTVB817STA-V 4-pin (tape and reel packaging of type I)
LTV817STA1-V 4-pin (tape and reel packaging of type II)
LTV827-v 8-pin DIP
LTV827M-V 8-pin (leads with 0.4" spacing)
LTV827S-V 8-pin (lead bends for surface mount) LTV-827
LTV827STA-V 8-pin (tape and reel packaging of type 1)
LTV827STA1-V 8-pin (tape and reel packaging of type Il)
LTV847-V 16-pin DIP
LTV847M-V 16-pin (leads with 0.4" spacing)
LTV847S-Vv 16-pin (lead bends for surface mount) LTV-847
LTV847STA-V 16-pin (tape and reel packaging of type 1)
LTV847STA1-V 16-pin (tape and reel packaging of type II)

12-111
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Absolute Maximum Ratings (Ta=257C)
Parameter Symbol Rating Unit
Forward Current IF 50 mA
Input Reverse Voltage VR 6 \%
Power Dissipation P 70 mwW
Collector-Emitter Voltage Vceo 35 \%
Emitter-Collector Voltage VEco 6 \%
Output
Collector Current Ic 50 mA
Collector Power Dissipation Pc 150 mwW
Total Power Dissipation Ptot 200 mW
Operating Temperature Topr -30~+100 c
Storage Temperature Tstg -56~+125 (0]
*1.Isolation Voltage Viso 5 KVrms
*2.Soldering Temperature Tsol 260 el
*1. AC for 1 minute, R.H. = 40 ~ 60%
- Isolation voltage shall be measured using the following method.
(1)Short between anode and cathode on the primary side and between collector, emitter and base on the secondary side.
(2)The isolation voltage tester with zero-cross circuit shall be used.
(3)The waveform of applied volttage shall be a sine wave.
*2. For 10 seconds.
Electrical/Optical Characteristics (Ta=25C)
Parameter Symbol Min. Typ. Max. Unit Conditions
.. | Forward Voltage Ve — =2 1.4 \Y IF=20mA
§- Reverse Current IR = = 10 uA VR=4V
Terminal Capacitance Ct 7 30 250 pF V=0, f=1KHz
Collector Dark Current IcEO < - 100 nA Vce=20V
5 | Collector-Emitter 4 |
£ | Breakdown Voltage ; Vasag 4 £ L le=0.1mA
O | Emitter-Collector BV gl ) v A
Breakdown Voltage o 6 [E=10 1 A
*Current Transfer Ratio CTR 50 7 600 %
IF=5mA, Vce=5V Ree=o0
@ | Collector Current Ic 25 = 30 mA
@ | Collector-emitter > 2 z
E’ Saturation Voltage VCE(sat) 0.1 0.2 V IF=20mA, lc=1mA
8 | Isolation Resistance Riso 5% 10" 10" = Q DC500V, 40~60% R.H.
g Floating Capacitance Ct - 0.6 1.0 pF V=0, f=1MHz
= Vce=5V, Ic=2mA
o 2 = i ]
Z’ Cut-off Frequency fe 80 KHz RL=100 ), -3dB
2 | Response Time (Rise) tr = 18 us Vee=2V, lc=2mA
Response Time (Fall) tf = 18 s RL=100 Q)
*CTR= £ x 100%
E® Supplement
Rank Table of Current Transfer Ratio CTR
Model No. Rank Mark CTR(%)
LTV-817 L 50~100
LTV-817 A 80~160
LTV-817 B 130~260
LTV-817 Cc 200~400
LTV-817 D 300~600
LTV-817 LorAorBorCorD 50~600
l Conditions IF=6mA  Vce=5V Ta=25¢(

112
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Typical Electrical/Optical Characteristic Curves
(25°C Ambient Temperature Unless Otherwise Noted)

Fig.1 Forword Current Fig.2 Collector Power Dissiption
vs. Ambient Temperatute vs. Ambient Temperature
60 200
3
50 £
< &
£ . \ 5150
I 40 3
\ 2
B \ 3 N\,
3 3 \ £ 100 \
g 20 \ % \
£ . 50
10 B A\
0 8 0
30 0 25 50 75 100 125 30 0 25 50 75 100 125
Ambient temperature Ta (C) Ambient temperature Ta (C)
Fig.3 Collector-emitter Saturation Fig.4 Forward Current vs. Forward
Voltage vs. Forward Current Voltage
6 T ) 500 —
] = —oFY I I
g’ . o5 mATY ) s 200 L POt
TmA A 50°C—#77/— 25C—
£ . e € 100 b7 S5
} & Y o4 =
IRiaER ==
3 = 7TmA 1/
= L 3 20
£ i/
§s 2 g 10
5. == 5
21 \\ a
3t O - 3
0 2 4 6 8 101214 161820 0 05 10 15 20 25 3.0 §
Forward current Ig(mA) Forward voltage V¢ (V) g
(-5
Fig.5 Current Transfer Ratio vs. Fig.6 Collector Current vs.
Forward Current Collector-emitter Voltage
200 PR 50 e
CE™= \ =95
g::g Ta=25'C o 40 | F=30mAY e
L gl
g 140 —1 E— 20mA éﬁ»\
i B 5o \Pc(MAX])
100 3 A |
80 20 o 10mA_{ >
g s I ~
E 3 10mA|
40 10
I
G 20
5mA
0 0
fii1io 5 10 20 50 0123 456789

Forward current Ir(mA) Collector-emitter voltage Vcg(V)
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Fig.7 Relative Current Transfer Ratio
vs. Ambient Temperature

150

IF =5mA
Vce=5V

‘\
~

N

(4]
o

Relative current transfer ratio (%)
=)
o

0
-30 0 25 50 75 100
Ambient temperature Ta (C)

Fig.9 Collector Dark Current vs.
Ambient Temperature

-5
10 [ veg=20v
10 —
10 A
10 S

N

Collector dark current Iceo(A)
\

-25 0 25 50 75 100
Ambient temperature Ta ('C)

Fig.11 Frequency Response

\eg =2V
— Ta=25"
Py N ™
g b PRI
>
< \
S 10 N Ri=10kQM K2\100
o \R= \
g \ [\
\ \
20 \

051 2 5 1020 50100 500
Frequency f (kHz)

&3

Fig.8 Collector-emitter Saturation Voltage
vs. Ambient Temperature
0.16
0.14
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0.10
//
0.08

0.06 ——

IF=20mA
lc=1mA

itter saturation voltage

0.04
0.02

Collector-em
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0
-25 0 25 50 75 100
Ambient temperature Ta ('C)

Fig.10 Response Time vs. Load
Resistance
500 Vor=2v

200 | le=2mA
100 Ta=25°C

50 tr3
20 —:,/

10 = td
5 b
2 ts
1

0.5

Response time (14s)
\
N\

0.2
005 0102 05 1 2 5 10
Load resistance RL(kQ)

Test Circuit for Response Time

Vee Input ‘

Output
Input Rp R output

Test Circuit for Frequency Response
Vce

Ro RL
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