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LM-80 Test Success — Top 2 Success Factors

1. High Quality, Reliable System
* Meets LM-80 Requirement
e Pass Audit

2. Process/Proficiency
e Pass Audit
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Success Key #1 — High Quality, Reliable System
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Example: SpikeSafe Based Test Systems

 Highly accurate drive current 0.2%
typical

« STARS - SpikeSafe Test and Reliability
Software Application

« Automatic current, voltage, temperature
monitoring

o SpikeSafe protection ensure LEDs are
not damaged by power loss, DUT
failures, leakage

* Synchronization with oven to avoid
overstress
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SpikeSafe Rapid Shutdown Limits Current Spikes When
Shorts/Opens Occur In Series Strings

Generation 1 (bulk power supplies) N—
« Typical Constant voltage sources i current:
run in constant current mode "

Current is green

See 2mS spike duration
1000% over current
All devices destroyed

Generation 2
° Low capacitance constant current

sources 400uS spike duration

400% over current
All devices destroyed

Generation 3 (SpikeSafe)
» SpikeSafe; Digitally- controlled
current sources with fast protection

10uS spike duration
30% over current
One devicefailure
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SpikeSafe dV/dt Monitoring Can Detect Abnormal LED
Vf Changes

200B0009TOLE - DUT Lesy - Vieldbrex STAR Plot vi.1.3.1

e Shuts down if dV greater
than threshold in detection
time (50mS to 1.5S)

Detects:

 LED array current path
changes

e Connector contact issues

« Some rapid Tj changes

1
Elapsed Operating Time (Hours)

Fift Drag-cick to Zoom, C-drag cick to Pan, Shift or Ctrl right-chck to undo
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SpikeSafe Fault Handling

Monit_or Log Fault
Opergt_lng Information
Conditions

l

Detect Fault

Decide if

Condition Restart
l Should Occur
Shut Down
Channel Restart Leave Channel
l Channel Off
Report Fault STARS Application
Functions

SpikeSafe Hardware/Firmware
Functions
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Ensure Monitoring/Control Software is Ready For Long
Term

o Continuous monitoring of voltage &
temperatures

 Automatic shutdown if over
temperature

 Clean handling of power outage

* Proven application, designed for long
duration testing

o Software uncertainty timing report

Vektrex STARS
Application
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Summary: High Quality, Most Reliable System

Use high quality current sources with spike
protection

Set up safety systems to prevent thermal
overstress conditions that can damage LEDs

Make sure all equipment has traceable calibration,
ideally to ISO 17025

Design fail-safes into system to protect data and
load boards in the event of a power failure

13X Current Spike

from unprotected
Choose modular systems that are upgradeable current source
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Success Key #2 — Follow a Careful Process During
Testing
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Set Up And Certify Equipment

* Prepare clean facility
* Low particulates

* No chemicals that harm LEDs

e LowEST

» Adequate power and cooling water
« Adequate air conditioning

» Restricted access

* Install equipment per manufacturer recommendation
 Perform steps for lab accreditation

e Conduct trial run tests to get familiar with equipment
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Plan and Layout the Testing Facility

LMS8O0 Testing
Reliability Chambers

Zones 1 - 15, 60 Positions
Zones 21 — 32, 48 Positions Research and Development

Zones 33 — 34, 8 Positions
In this example L EiN |
layout: —
e 4 Applications TIN Y
° 09/00
8 Test
chambers |
e 34 Zones _.
e 141 Positions T
Marketing
Zones 16 — 20,
25 Positions

15 © Vektrex 2016 — www.vektrex.com %v E KT R Ex "



Set Up Naming Conventions

e Name chambers and driver resources
e Make sure load rack slots are labeled
e Enter names into STARS software

« Develop meaningful load board naming numbering scheme
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STARS Resource Naming

| Add New || Remove Selected |

Allocate and

Location Mame Description Name Chambers
ITCS 1 T
ITCS 2
ITCS 3
REL-PTC - Aesion Zone
REL - 85/85
REL HTOL LM20 55C 50W
R&D Chamber LMB0 85C 16w
Power Consal. L LMB0 106C 3W
Zone 1 0W Amays
Zone 5 EW Devices
Zone 10 100W COB
Zone 15 — 45W Module
Zone 20 T.5W OLED
Zone 25 Upper Lef
Foae 3 Upper Right

Lower Left

Create Positions Lower Right

Upper

Lower

Middle
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Plan Data Collection/Storage

 LM-80 systems generate a lot of data, it
must be managed

cr ENI0ICA CRANNCL ¥.d
3, Usar pressed the Source 1C 'Stsrt A11" buttcn.
3, Eun=bled Channsl 10.
2, En=bled Channel 10.
iy Enzoled Channel 10.
%, Enanled Channcl LO.
I, kEnzaled Channel 10.
5
<

« Temperature and voltage monitoring data ... ww

01/11/201¢ 14:11:
01/11/2016 14:11:

during operating intervals e

=
4
4
4
1
01/11/2016 L1:1L:1
4
1
4
4
c

01/11/2016 Ll4:1L:
01/11/201% Ld1:liz!
01/11/2016

v Enzpled Chaancl L10.
. Enzbled Chaanel 10.

[ N T e

« Photometric data at measurement POINtS &y i s fnti e st s st w0 swvien

01/11/201% Enapled Chaanel L1.2

01/11/2016 Enapled channel 11.3

cz

01/11/2016 L41:1L:5&, £nabled Channel L1.4

01/11/2016 t5E, Enadled Channel 11.5

- 01/11/2016 :ZE, Enzbled Channsl 11.8

[ ] S t t t d t I 01/11/201& :SE, Enanled channel 11.7

ystem status and action 10gs 17AT/5076 1410, Eaaatad chammed 111
0171172016 , Joor pressed "Stop' on Charncl 11.6

01/11/2016 v Disabled Chanmel 11.6
01/11,/201¢ 74, Usar pressed 'sStart' cm Channsl 12.21

01/11/2016 . Enzpled Channal 12.1
01/11/201é Tssr pressad "SLacl' oo Channsl 12,5

En=»led Channe=l 12.5
Ta=r pressed 'Atath' or Thaansl 1204
Enzazled Channel 1IX.5
Tszr pressed 'Start' cn Channsl 12.7

 Maintenance information data o

01/11/2016 , Enzpled Channel 12.7
01/11/2016 ¢ Tszr pressed "Starl' cn Chean=1 128
A taa fame s o4 4 - S T RPN W I L T T e i e 0 E oS L S e
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Understand SpikeSafe Errors

Errors are explained in STAR manual in section 8 along with possible
causes

STARS will try to restart after some errors, but not all
Overcurrent at startup usually means a load board short

For first few errors get in the habit of looking them up to make sure you
understand them

19
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Use Timers & Take Frequent Measurements Early in

Test

System View Source (#12) | T=mperawres Log
“NMEKTREX | System Stap Al SR st
— _ Bulk (V) .21.5-[}5- Cutput Power (W] .D_E'BE Source Setup. |
# Type Test Location | StartAll | 1 20| pi & 5 6 7 3
1 55200 ITCS 1Zone.. |StartAII | |:| |:| :l |:| = |:| |:| | SRS
2 ss200 TTes 2 Zone.. [staan | [0 [0 OO [ [0 0 [ 2 | startan | | stopan |
S oS0t ERALRNAIE- |startA||| :l l:l l:l l:l Channel Power Timer Hours:Minutes) Temperatures (°C)
455200 | REL HTOL Z... |StartAII | I:l I:l :l I:l l:l l:l I:l |: # |Enabled RELID | Set Current (A) | Current [A) Comp Volt.[\f}l Voltage V) Power (W) Duration | Elapsed  Remaining Estimated Completion Sink Case Air
s 00 ncs3zone. onal] @ W EE 0 | (R |—m-mn__
C TR VT o e s e o o 2 [F MM [stop |REL12:x 0100 0.000 10.000 0030 000 MNA 255 261 269
7 55200 Power Cons... [startant| [ [ I [ [ [0 [ [ 3 [ [stop | reL12:x 0.100 0100 10000 0241 0024 NA MA A MA 258 261 268
’ HCRE Zonel] D-D-E-D-I 4 I [stor |RrLizax 0.100 0.000 10.000 0.000 D000 NA A NA NA 250 264 261
13 55400 s 3orawe.. [startan |l D D T W T 5 [ step | REL12:x 0.100 0100 10000 03 0030 MA A MA A 264 264 270
17 55300 TTCs 4 Draw... [startan | [ ][] 1 [ 11 1 6 (¢ M |[Stop |REL126x 0.100 0000 10000 0030 0000 NA MA A MA 264 264 270
18 55300 17cs 1brawe. [smnn] [ ] 1O OO O T 7 [ [step | REL127x 0100 0100 10000 0212 0021 MA F.0
18 55300 ITCS 4 Draw.. |@I ] 3 I <top |REL12.'E.'°.<.. o1 Lo 0000 80N, 008 NA Conﬁgure T|mer &
20 55300 ITCS 4 Draw... |Star
21 55300 ITCS 5 Draw.. [Star
22 55300 T7CS 5 Draw.. |Star Limits Timer Power Control
2] 55300 ITCS 5 Drawe. |£ Cnmpllance ‘u"c:ltage S-Et Current Mir. fax,
24 55300 ITCS 5Draw... |Star I o ml : :
== 'Iﬂ‘u’{mln} =l 'H]'D mA = [ sink Unassigned Enabled Power Cycle
dV/dt Detect ] case Unassigned Duratlun iner C;rcle Dn Time
[Enm o r I nassigne
gy |500mv g
= Elapsed TIFI"IE Power C;rche Off Time
r
REL ID D HTE {|T||r|} 5 m ;'E,":.
REL 12.14

Changes have not been applied yet

A |

| Apply
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Set Limits In STARS

o Set limits in Stars config file

« Enable limits in the Source window in STARS
~ Source 1
@ Sowce:1 | Monitor | [ Statal | [ Stopan || appy |
Chanriel Vokage  SetCumert CaseT. Limt  Min.  Mas  ArT.  Limt Min  Max Skt RELID
| 11 [Monitor |[ESE8E0) [15470  |jom  |{zsa3 | O |20 [[a0 |{zs32 | O [20 J[a1 | 191
I 12 [Monitor |[ Stop | 14761 | O [[z542 | O j20 [ {532 ] O [20 |41 | 121
| 1.3 [ Monitar |[ Step | (13605 | 001 ||z572 | O |20 22 [z ] O [0 [[a8 | 133
| 14 [Monitor |[ Stop | 15586 | o.M |[as7z | O [e0 |2 Jlesee| O [0 [[83 ] 141
l 15 [Montor [(8tep | 14670 |jom  ||zses | OO |20 |[&4 ||&s77 | O [0 ||% | 151
| 16 [Moritar |[ Stap | 21765 | 001 |[{z5ge | O |20 |[¢ |jzszzr] O [0 |45 | 1.1
| 1.7 [ Monitor |[ Stop | 15726 | 00t [[253¢ | O 20 |[4¢ [[zsea] O [0 |[a7 | 174
| 18 [Monitor |[F8tea| [14513  |[om  |[zs3¢ | O [20 [« |[esea| O [20 [+&7 | 181
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Audit Deadlines

 Hire a LM-80 auditor to perform a pre-audit

« Contact Vektrex with any auditor question that you cannot answer
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Summary: Follow a Careful Process During Testing

* Plan and carefully setup system
 Create a data plan
* Build reference sample load boards

 Measure reference samples whenever optical system changes, also at
measurement intervals

e Suggested measurement schedule:
e 24,72, 168, 500, 1000, 1500, 2000, 3000, 4000, 5000, 6000, 7000, 8000,
9000, 10000
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Success Key #3 — High Performance Load Boards

Stress

Interchangeable
Load Board

SpikeSafe

__ Photometric
o Measurements
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Load Boards Serve Many Functions

» Electrical connections during reliability
test and photometric measurement

 Heat removal

 Physical LED attachment
 Test sample identification
» Platform for optical testing

 Temperature monitoring location

26 © Vektrex 2016 — www.vektrex.com

2VEKTREX"



Goal : Small Distribution of LED Temperatures

Good 1115:',;

DeSign 115..5:

+ | *,

118.2

Good o~

) 116.6:
Material | :

5.8

+ Il 3

Flathess e,
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Choose an Efficient Topology

YT

2N Type => 20 connections for 10 LEDs

TR

4N

4N Type => 40 connect ions for 10 LEDs
2 B ek |
N+1. lowest number of SRR R AR O

4N+2 Type => 42 connections for 10 LEDs

connections to Mmanage N

YRRy

2N+2 Type == 22 connections for 10 LEDs

N+1

Ll Ll Ll Ll #T | h’r » Ld Ll Ll
| ;
NN 11
N+1 Type => 11 connections for 10 LEDs
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Vektrex N+1 Load Board — An Industry Standard

* Flexible 150x150mm, 75x150mm, 300x150mm size fits almost any
LED/array application

« MCPCB for excellent thermal performance
 Disposable items

 One layer construction o

« Reduced connections o / i
> - y. ay N . - _-'-
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Use Best MCPCB Materials to Reduce Temperature

Rise

LED Information:

LED dimension X, m
LED dimension y, m
Forward Voltage, V
Current, A

Optical Power, %

Load Board Information:

MCPCB Type

Aluminum thickness, m
Aluminum conductivity, w/mk
Dielectric thickness, m
Dielectric conductivity, w/mk
Copper thickness, m

Copper conductivity, w/mk

LED Power, W
Optical Power, W
Power to MCPCB, W

Heat Transfer Area, m"2
Temperature Rise, Copper Pad, C
Temperature Rise, Dielectric, C

Temperature Rise, Aluminum, C

Temperature Rise, Load Board, C

0.0023Note: these are the dimension of the path heat takes under the LED. For a SMT LED this is the heat slug pad, for a COB it is usually the entire package

0.0033
35

1

20%

Berquist CML 11006
0.001

140

0.00015

1.1

0.00007

390

35
0.7
2.8

0.00000759

0.07

50.31
2.64

Berquist HPL Dupont Coolam LX Laird T-Lam 1ka 04

0.001 0.001 0.001
140 140 140
0.000038 0.000017 0.0001

3 0.8 3

0.00007 0.00007 0.00007
390 390 390

35 35 35

0.7 0.7 0.7

2.8 2.8 238
0.00000759 0.00000759 0.00000759
0.07 0.07 0.07

4.67 7.84 12.30

2.64 2.64 2.64

7.37 10.54 15.00

Local ProviderBerquist HPL/Cu

0.001 0.001
140 400
0.000095 0.000038
2 3
0.00007 0.00007
390 390
35 35
0.7 0.7
2.8 2.8
0.00000759 0.00000759
0.07 0.07
17.52 4.67
2.64 0.92
20.22

Alternate Provider
0.001

140

0.00004

7.5

0.00007

390

35
0.7
2.8

0.00000759
0.07

197
2.64

4.67
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Load Board Assembly Tips

Follow manufacturer’s soldering guidelines for assembly
* Pre-bake parts if necessary
» Avoid hand assembly

Use solders and fluxes that minimize voids

Keep everything very clean VERTRES
gg;??gi’iiflﬁ17—%fl REV.E

i

- - S/t 010

Perform Xx-ray inspection of parts o514

31
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Pick Best Choice For Temperature Monitoring

o |ITCS Temperature Monitoring

* Tsink — Thermocouples

» Fixed Position

 Integrated with thermal platforms
» Tair - Thermocouples

» User Positionable

« Type 1 Generation 1 shown

» Tcase — Thermocouples, RTD or NTC

» User Positionable Thermocouple shown

» Type 1 Generation 1 shown
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Use of Thin Wire Thermocouples for COB

e Tcase to be monitored
» Use location specified by device manufacturer

 For COB, thin wire is recommended

e Use for Tair

» Use for Tcase

Thin wire thermocouple

Thermocouple I solator
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Use of RTD / PTC / NTC for packaged devices

 Best for packaged devices

 Sensor integrated with load board

« Example ITCS Retention Board

 Note 0 ohm SMT resistors used to cross RTD traces

¥

=3 3950

Bzwel 2 plac

0,678 —&= 1.494 £

2100 0,050 ‘
EHD""F“}DL T LE-daee 0.015 & 0.015 _:_-:uusu .
| II IIIIII IIIIIIIII IIIIIIII >

P il J lL ADL‘.N
'.15_ 3

0550 g 0165

= & T

15600

s ot finger top and bottom sides

)
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Perform Thermal Resistance Test to Verify Thermal
Mount

s = Bl
& Histogram - Thermal Sesistences ‘
s i -

| AuzScak Hize Caa Cu: of Rznge
Thermel Szsistances for "WEKIZ14-00 7
12
1%
15
12 1
2
5 10
5
T =
3
1 I 1 I 1
45 & 75 ] 103 12 135
Trnermal Fesistenze ((04)
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High Performance Load Boards

Use N+1 topology to minimize
connections

Use the best materials — high
conductivity dielectric, copper or
aluminum

Avoid “no clean” flux

Follow Vektrex design rules

Check thermal resistance of load
boards to ensure proper DUT
mount

Optimize normal force clamping
load board down

1.4a 4
Threamnal Ress: sl wee T

2 E) ExLS

Rth Histogram
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Success Key #4 — Control LED Testing Temperature
Carefully

ﬂk

Temperature

Nominal
Operating
Temperature, To |
TO — 2C frmmmmesnnne s DIOIL . . « . o « v s x v s s sss

To—5C*

> Time
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Example: Vektrex ITCS — High Performance Liquid
Cooling

Variable Air
Circulation

Light Protected
View Port

Thermocouple
Logging System

Settable Over
Temperature Limit

Remote Control
Software

Ee Jeals Help

| unitio
| unt1 5 0 T

Setlemp  Sersor lemp

Adjustable Vent
Ports

Load Rack With
Power &
Thermocouples

Plant Chill Water
Connections

Ts, Ta Thermal
Control System

| it T [ s

| Wnitd 25 °C -8LLE "

Stop All

Configurable AC
Input Power
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Minimize Temperature Spreads In Testing Chambers

* Adjust thermal control systems to reduce spreads
 Relocate load boards
o Utilize thermal shims

Case Temperatures

e Case Temp Al

o4 Case Temp A2

63 " Case Temp A3

62 mamasme=tietll | Adjustment Final Settings ——Case Temp A4
A e Case Temp B1

61 Case Temp B2

2) = Case Temp B3
E o = Case Temp B4
259 Case Temp C1
g = Case Temp C2
8 58 e Case Temp C3
5 57 Case Temp C4
C 56 == Case Temp D1
= . : — s = Case Temp D2

> IDC OFF ' . _ ! Case Temp D3
54 Case Temp D4

e Case Temp E1
Case Temp E2

w
w

8:45 9:57 11:09 12:21 13:33 14:45
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Success Key: Good Thermal Management

» Specify a reasonable case temperature
measurement location

* Pick operating To based upon worst-case
case temperatures

« Control air temperature in the chamber
with forced air movement

 Ensure air temperature thermocouples
are shielded from radiation

Shielded Air
Temperature Probe
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Use New Temperature Monitoring Techniques Outlined
iIn LM-80-15

e RTD and thermistor sensors now allowed

* Profile a load board by comparing RTD sensor reading to
thermocouple readings

« Determine worst-case offset from RTD and enter in logging system

 Monitor various LEDs, beware of systems that report perfect
temperatures
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Set Up ITCS Thermal Protection

 Thermal protection protects LEDs from
run-away temperature conditions such

as:
» Heater malfunction
e Chiller malfunction
e Operator error

e |TCS limit controller cuts power to
Internal chiller in the event limit is

exceeded

e Set limitto Tnominal + 10 or 15C
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Summary: Control LED Testing Temperature Carefully

» Use liquid cooling to ensure uniform
temperatures

* Size system for expansion, growth

o Carefully monitor and control case and air
temperature

o Set thermal limits — most labs will eventually
suffer a thermal runaway
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Success Key #5 — Optimize Photometric Measurement

System for Repeatability

« Typical photometric systems have 104
variability of 1-2% 103
102

« The variability makes it difficult to spot .

trends, requiring longer test times

100
99
98

 Example Optimized System: ALMS
variability is 0.05-0.1%

104
103

 With lower variability you can see 102
trends sooner allowing you to shorten 101
test times and make more rapid 100

99
process changes

98

\I\,\ :
G/t
]

Non-optimized

———

T

0 10 20 30 40 50

Optimized
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Vektrex Automatic Light Measurement System

e Automates
measurements for
N+1 load boards

e 10 min/80 LEDs

* 0.05% repeatability

 Simple loading

47
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Temperature Should Be Controlled Much Better Than
LM-80 +/-2C

« LED flux output changes with temperature
« Example: Cree White LED = -0.25%/degree C
 Worst-case 4C change = 1% difference

100% -
90%)| -
80% -
70% -

»
-
L
7]
=
Q 60%
=
E 50% - —— White
|
ﬂ>l 40% Blue
= Green
E 30%
)]
o 20%

10%

U[Vo T T

25 50 75 100 125 150

Junction Temperature (°C)
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Make Good Light Measurements

Calibrate the light measurement system

Perform uncertainty analysis for system
* required for LM-80

o Use self absorption corrections for each
type of load board

 Keep load boards clean

 Maintain uniform measurement temperature
to +/- 0.25C if possible

e Use pulsed measurements

e Make sure LED is re-stabilized before
repeating measurements

Increase of Tj (deg C)

3W LED temperature
rises 19C in 50mS

0 10 20 30 40 50 60

Pulse duration (ms)
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Maintain “Golden” Samples To Track System Drift

* Prepare load boards with stable LEDs

 Measure these before starting test and at measurement
Intervals

 Between measurements store in low humidity clean
environment

 Use readings to correct for sphere drift, operator errors, etc.
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Ensure Pulsed Current Source Performance

 High power LEDs require high
peak power levels

« LM-85 and TC2-63 require
microsecond rise time current for
pulsed measurements

» Pulsing/triggering should be

stable with minimal jitter
* Error due to jitter = 0.2%/1ms of jitter
for average LEDs, higher for higher
power LEDs
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Summary: Optimize Photometric Measurement System
for Repeatability

 Design photometric system for automated
measurement of one load board

 Make absolute optical measurements with a
high quality spectrometer-based system

 Use stable calibration artifacts to correct long-
term changes in photometric system

 Follow new LM-85 or TC2-63 high power LED Load Board Installed

test methodology On Photometric
Temperature Platform

 Maintain constant Ts during photometric
testing
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Thank you

Contact Vektrex

Tel: +1 858-558-8282
Email:
More info @ www.vektrex.com
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