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MOCVD is the Critical Process in LED Manufacturing

Sapphire Wafers

Epitaxial process

Contacts
| . :
Etch \ Chip = Color, brightness, electrical
) Processing properties and cost are
Thinning/Dice determined by MOCVD
y o = MOCVD is > 50% of the LED
Encapsulation/Lens fab capital expenditure
v ~  Packaging
Heat Sink/WB Source: Veeco




I(EITHLEY A GREATER MEASURE OF CONFIDENCE www.keithley.com

The Process of LED Manufacturing

Wafer + o [L)f:s

Kyocera, Sumitomo, Alixtron Disco
Monochrystal, Dow Chemical Veeco
Rubicon, Sumitomo

DN Packaging [N Final Test [N PrEl(]i(lect

MPI (Keithley) Stanley Electric, Towa, Sharp, GE, Osram
Fittech (Keithley) Everlight ilsprtifl é’amﬁc . ng?bPhlé:ps |
Innobiz (Keithley) orporation oshiba, Panasonic

Source: Deutsche Bank + Personal Experience
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Typical HB Visible LED LIV Testing Parameters

For a typical 300 um x 300 um LED

A8 A% R B
UACK Y. Ve 20 mA i
A2k A 5 20 e
r%E Ag 20mA nm
e 1 3 M 20mA nm
RgEHTE (F5X) Al 20mA nm
*if B @, 20mA mim
B REE l, 20mA e
NEA Y 20mE N
5 % Ny 20mA Im/W

Source: Prof. Wei-I Lee, http://ocw.nctu.edu.tw/
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Instrument Systems
- Lab Application

I Gmen

Iughl measurement
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Instrument Systems
- Production Application

LED#g sl — B AN C Rz

FaM LED-Tester fuBl AiaTeER) - L2 ER P FRER =SS REER - ErnEa iR
will CCD [E5IF50aEE CAS 140CT Bl - AL SRTF| (Keithley)2400/2600 SR HLFESR - LLEEH
TEIEERGE Instrument Systems BTTIREE fmBlEngs - CAS 140CT EEEFRIERIFETT - INLE

MEEE RS - ERFIRSLEERIELI EMBREERSEAE -

Keithley SMU

I ment

7 Ighl measurement
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LIV Parallel Production System, ITRI, 2013

Multi-Channel Optoelectronic
Measurement Technology

C. Multi-Channel
Optical

A. probe array Measurement

B. Multi-Channel Electric
Source Measurement
and control

Source: Dr. Chen, ITRI, SEMCON 2013
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Keithley’s Leadership in SMU Technology

Series 2400

Series 23x System System
SMUs SourceMeter SourceMeter SourceMeter

Instruments Instruments Instruments

od e ":;

B

[Fid

1989 1995 2000 2005

20 patents issued for SMU-specific
technology

Numerous industry awards, including
R&D100, T&MW, and more

Thousands and thousands of customers
Serving Semiconductor, Electronic
Components, Optoelectronics, Automotive,
Mil/Aero, Medical, Research & Education,
and many more industries

S500 and S530
Parametric Test
Systems
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Common Instruments for Semiconductor Device
Testing?

Picoammeter Power Supply

ﬂ#”
owes oooo 0556 0000 -

Current
Source S

Digital
Multimeter

Electronic

Load
Typical Equipment Rack for Device Testing
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Which One Do You Want?
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Basic SMU Topology

9] ;E
O
—O0

| meter

O
@) | @ \VV meter

O
O

= [ ) - - -

Precision voltage Precision current High impedance 2400
source source digital SourceMeter
13 multimeter Instrument
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SMUs compared to Power Supplies
- Speed, Precision, Resolution

2602A SourceMeter Instrument Typical Power Supply

Speed / /_
01 2 3 4 5 6 7 01 2 3 4 5 6 7
ms ms
Source/
Measure 10uA measurement 10pA measurement
Precision uncertainty = 5nA uncertainty = 2500nA
Tma
Voltage Voltage
Voltage and | [ .
c“rrent HlV 4OV ]uV ]mV 40\/ reverse bias forward bias
Resolution Current Current -
| [ | /e v,V
1pA 3A 1pA ImA 3A \
breakdown
wvoltage
Tpa
Source Only
4 Quadrant

Operation
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SMUs compared to Power Supplies
- Rising Time Comparison

K2636B
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SMUs compared to Power Supplies
- 4 Quadrant Operation

2602A SourceMeter Instrument

Typical Power Supply

www.keithley.com

Speed / /_

01 2 3 45 6 7 01 2 3 45 6 7
ms ms

Source/

Measure 10pA measurement 10uA measurement

Precision uncertainty = 5nA uncertainty = 2500nA

Voltage Voltage

Voltage and | I

Current Tuv 40V v  1mvV 40V

Resolution Current Current
| .
1pA 3A 1pA TmA 3A

Source + Sink Source Only
4 Quadrant

Operation
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SMUs compared to Power Supplies
- 4 Quadrant Operation (Ex. K2651A)

+50A

1 |

+20A -

+10A
+5A =
DA —
—5A —
—-10A —

. DC and
Pulse

Pulse
only

-20A —

111 [V

| | | I | |
-40V —-20V -10V ov +10V  +20V +40V

—50A —

22
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SMUs compared to DMMs

Voltmeter Configuration Ammeter Configuration
@ O HI ﬁ, é ) O HI
-, +
eakage I meter
Cr | = 0A @ V meter (V V=0V Viurden
® o LO O LO
Source | = 0A, Measure V Source V = 0V, Measure |

Ohmmeter Configuration

| meter O Sense HI

CT) | = test ( Z ) V meter
current

O Sense LO
o LO

23
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SMU Instrument Basics
- For High Resistance Meas. (Guard)

SourceMeter
GUARD (cable mode)
r-r—-r—-——"~>"~>"="=—"=7"==7"=7"=7"="=>"=7"=7"=7"=7—7—°+ 1
I Insulator I
I I Lol !
IN/OUT ! — M~ D
1 —» |
- 0 # AVAVAY :
T | s DuUT 1
ov RU < :
I [
(VAS i .
ource ; Metal Mounting Plate ;_
[
O i 4
IN/OUT
a. Configuration
LO ?h‘f;fa Slot (1 of 3)

Note: Cable guard selected = '"T&%@
Center

conductor

b. Connections

Center conductor (HI)
@ Inner shield (LO or GUARD)
‘L Outer shield (chassis ground or LO)

24



I(EITHLEY A GREATER MEASURE OF CONFIDENCE www.keithley.com

SMU Instrument Basics
- For Low Resistance Meas. (4W)

______ ii gyf‘f_e_hfi?_'?[_-______ Test Current (I)

R
Input/Output HI LEAD
P P AN

_____c.: -

|:{LE.-"".L?I'

» d-wire Sense HI
3 M 5
I T V. Lead V R, & Resistance
M Resistances R > & Under Test

d-wire Sense LO LEAD

Sense Current (pA)
—

Input/Output LO Riean

T R
.

25
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SMU Instrument Basics
- Higher Voltage Applications

DUT

26
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SMU Instrument Basics
- Higher Current Applications

Hi Hi
SMUA DUT SMUB

Lo Lo
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SMU Instrument Basics
- Built-in Sweeps

DC Pulse Custom
Level
|Delay|§|Delay|§|_Le I N . R
Bias —— Bias Bias e Bias '
Fixed Level Pulse -
— — Stop Arbitrary
Step{: . Step { | Stop

Start
Start— Ly ‘ m
Bias === == Bias Bias == Bias ]
Linear Stair Linear Stair Pulse 1 U

— Stop Sine Wave
~ Stop
Sta_l_r:l_l_ Start
Bias = Bias Bias = = Bias

Logarithmic Stair Logarithmic Stair Pulse

28
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Keithley TSP® Technology
- Smart SourceMeter

« Multi-channel
Source-Measure

» Advanced calculations
and flow control

» Pass/Fail test
» Prober/Handler control

- Datalogging/
Formatting

Test Script

www.keithley.com

DUT

Process
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High Brightness LEDs

. \
PN

 High Brightness LEDs are commonly defined as LEDs that operate at 1W
of power or higher

« Often multiple High Brightness LEDs are put together to create
luminaires for lighting applications

31
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High Power LED Modules

 Demand for more light from a smaller physical package has lead
to the development of High Power LED Modules

 High Power LED Modules contain large die LEDs and/or multiple
LED die in a single package
— Multiple LEDs are wired in parallel or in series

32
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High Power LED Module Test Requirements

Testing High Power LED Modules requires test equipment
with:

1. More Power

2. Pulse Width Modulation

:

3. Precise Timing & Consistent Pulse Width

I

b

:
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1. More Power

« DC power approaching 100 Watts
— Example: Luminus Devices CSM-360 Phlatlight
« Operates at 6.3A DC with a V; of 14.15V for nearly 90 Watts

 Pulsed power exceeding 100 Watts

« High power at duty cycles up to 50%
— Example: Luminus Devices CBT-90 Green Phlatlight
« Operates at 22.5A, 50% Duty cycle with a V; of 4.9V for 110 Watts Pulsed

34
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Pulse Testing

* Heating can be minimized by

pulse testing LEDs Take measurement at
end of pulse
* Pulse widths of 1ms or less can /

greatly reduce device heating

— Requires a current source that can
be pulsed consistently

— Requires precisely timed E——
measurements

« On wafer requires smaller pulse
widths

35
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2. Pulse Width Modulation

50% Duty Cycle

75% Duty Cycle

25% Duty Cycle

 Used as a method to control brightness
1. Current to LED is pulsed while pulse level is kept constant

2. Pulse width is modulated to increase/decrease the on time and
therefore increase/decrease LED brightness

36
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LED Output vs. LED Current
- Current Drop by Self Heating

1000 | | | ’ Pdasheat
Ideal linear =
Imvs. |
g
£ AN
o 500 LED Characteristic
g from datasheet
@
E
= /r
K/
7
0
0OmA 500 mA 1A
LED Current (I

Refer to the LED driver spec of National Semiconductor

37
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PWM Advantages

« Consistent LED color as LED is dimmed
* Brightness control linearity

 Power Efficiency

— LED can be operated at its most efficient current level
for all brightness levels (Maximum Lumens/Watt!)

— LEDs often produce more Lumens/Watt when pulsed oot 11 zS< Phashont |
— Switching circuitry uses little power ] /5’?\
« Simple to implement and control with 5 0 g LED Charatrisi
inexpensive digital circuitry - A
Vi
0

0mA 500 mA 1A
LED Current (l;)

38
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Pulse Width Modulation

Test Equipment Requirements

Se (V3 Se S& S& Se Se
a3 ra3 a3 a3 a3 a3 a3

X

\ .......

Vi Measurements on Every Pulse

Y

* Pulse frequencies from up to 10KHz

* Duty Cycles as high as 50%

« Ability to measure Vi at every pulse

« Ability to trigger and respond to a spectrometer
 Precise timing and consistent pulse shape

39
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Cabling Considerations

1. Two-Wire (2W) vs. Four-Wire (4W, Kelvin) Connections

2. The Effects of Excessive Lead Resistance

3. The Effects of Excessive Lead Inductance
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2-Wire vs. 4-Wire Connections

« 2-Wire Connections

— Same leads that are used to source
the current are used to sense the
voltage

— Voltage drops across the test leads
will cause the measured voltage to
be greater than the voltage at the
device

* 4-Wire (Kelvin) Connections

— A separate set of test leads is used
to sense the voltage at the device

— The volt meter is high impedance so
nearly zero current flows through its
leads thus there is no voltage drop

- VMeasure = VLED

4

2-Wire Connections

I3
il A ﬁ/
+
+

| (1\ V VMeasure VLED ¥ \
Y
- - +
LO Wiz

4-Wire Connections

HI + -
Sense HI m
+ \
EREC I l

I CT) VMeasure VLED ¥

I = 0A N
i ——— AN
Sense LO AAA

5 —WN s
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Effects of Excessive Lead Resistance

+ -
Sense HI WV 1
+ \
+
ICT) % VMeasure VLED Y \

Sense LO
MNT

 Excessive cable wastes a lot of power
—  Voltage drop can be calculated: Vo, = Ie * Regpe
— At 20A, only 200mQ of lead resistance will cause a 4V drop. That’s 80 Watts of power lost in the test leads! Fire hazard!

* There is a limit to how much voltage drop an SMU can compensate for in

4-wire mode
— Exceeding this limit will cause measurements to be incorrect

 Lead resistance slows the rise time of the pulse

43
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Effects of Excessive Lead Inductance

HI +HY YY) -
Sense HI 1
+ \
| CT) VMeasure VLED ¥

Sense LO
LO | -\ AN+

« Cable inductance resists changes in current
— Causes voltage drops across the test leads during the rising and falling edges of the pulse

—  Voltage drop created by inductance is determined by V = L * di/dt
— Cable inductance does not have an affect when the current is constant
— Example: 20A pulse with a 20us rise time and 2uH cable inductance. V = 2uH * 20A/20us = 2 Volts

« An SMU will try to compensate for cable inductance but if excessive, the
rise and fall times of the pulse will slow down

« SMUs have a limit to how much cable inductance they can handle
— Ensure cable inductance is kept below the maximum specification for your SMU
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Isrc=1A @ Resistor = 0.1 ohm 2> Vmeas = ?
DUT Setup on Test Fixture (module 8001)




46

KEITHLEY A GREATER MEASURE OF CONFIDENCE www.keithley.com

Isrc=1A @ Resistor = 0.1 ohm > Vmeas = ?
Theory: V=I"R=1A *0.1 ohm = 0.1V

2-wire method 4-wire method
> Rm=0.21 ohm > Rm = 0.099 ohm = 0.1 ohm
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Tips for Optimal Cabling

* Minimizing Resistance
— Always use wire of the appropriate gauge for required level of current
» Example: 20A DC requires 12 AWG or lower
— Minimize contact resistance
* Ensure contacts are clean, connections are secure, good solder joints

— Minimize the number of connection adapters between the instrument and the
device

* Minimizing Inductance
— Minimize loop area by twisting test leads together to form a twisted pair
— Use coaxial cable

* The Keithley Model 2651A High Power SourceMeter instrument
includes a low resistance, low inductance coaxial cable

— Cable is rated 3mQ and 85nH per meter

47
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LED Application
- 1. Four-Point Probe Method for Resistivity

HI /:_\LD
NS

Voltmeter

HI LO

where: V= the measured voltage (volts)
I = the source current (amps)
t = the wafer thickness (cm)

k = a correction factor based on the ratio of the probe to wafer
diameter and on the ratio of wafer thickness to probe
separation

49
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LED Application
- 2. Sweep Current Measure Voltage

| (Amps)
+l
SMU

® (f%;,mter

~100 +100
-V} |+V

—O—O—O—0—

50



I(EITHLEY A GREATER MEASURE OF CONFIDENCE www.keithley.com

LED Application
- 3. Common Electrical Measurements for LEDs

V- Forward Voltage |

— Chromaticity (color) of the LED is directly
related to V;

V; test l
— Ex. If =700mA, Vm = 3.7V

* I — Reverse Leakage Current

— to a specified minimum limit to determine
pass or fail V

— Ex. I =-5 A, if Vm >= 20V > Pass /IL test
« Vg - Reverse Breakdown Voltage / Vp test

— a specified maximum to determine if the
LED passes or fails.

— Ex. Vg =-10V, if Im > -10mA - Pass

51
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LED Application
-4. Common Electrical Measurements for LEDs

Component
PD LEDI Handler
Test Fixture
! § ‘//! Bfns
h
Digital Lines
(DIO)
2602A 2602A <
Channel A || Channel B y

I, test
Vp test
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LED Application
- 5. Sink Current (Electrical Load)

Power Load Configuration

_HI
_Sense HI
¢ | = desired V meter/ Power
load limit Source:
current Sense LO
_LO

et

Sink | = Desired load current, Measure V, Remote Sense ON

Note:

SMU can perform e-load which means you
can verify the characteristics of LED driver.

53
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LED Application
- 6. AC LED Challenges

 AC LEDs run off of an AC voltage
rather than a DC current

* Thorough testing requires an AC
voltage source in combination with
synchronized current and voltage
measurements

« Can be performed with high speed
SMUs
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LED Application
- Output Signal Verification for AC110V,._ . Driving

08 Jul 10 10:51:13

60 Hz sine wave generated using a Model 2612A

55
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LED Application
- Output Signal Verification for AC220V, .. Driving (Cont.)

File Edit Wertical Horizfdcqg  Trig  Display  Cursors  Measure  Masks  Math  MyScope  Utilities  Help

Tek  Run Sample

Ch1 o0y

60 Hz sine wave generated using a Model 2612A

56
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LED Application

- ACS BASIC GUI for ACLED Measurement (Cont.)

!ﬁ_.'.lﬂutumated Characterization Suite(ACE) ¥1 3BASIC-—-ACSADMIN[CRACE BASIC\FrojecisiACEE
File Edit ¥iew Operation Tools Help

Setup |Dar|3 | status |

W User Module [acLep110v =l
o = Input Output Description
@ ﬁe.q o0 —freq:Hz
btime 1 —btime:Sec. if btime=0 then continuous output without
cycle 10 meas.
remote i —cycle:Meas Cycle.
v 110 —remote:d-wire
pLC 0.001 —VfVms

—PLC:Integration time

|
script  GUI |
5]

" roups - — —

|Keiﬂﬂe}r Inztroments, Inc.

B
(=
[~

57
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LED Application

www.keithley.com

- ACLED IV Measurement with ACS BASIC (cont.)

58

" Automated Characterization Suite (ACS) ¥1.3BASIC-—-ACSADMIN[CAACS_BASIC\Projects\ACLED110¥] N [=E
Fil: Edit View Operation Tool: Help
["Ti @ B & P x| g O | e | T STM: ACLED_Srcipt
=% | setup [Data | status|
y=
] 4% Sweep_Ifdvfd 1 & Plot and Data ¢~ Plot Only " Data Only
™ @l ACLED_Srcipt =t
o TIim@GROUPTFACKED Srapt’ |- 120
Y2 Vi@ GROUPYFACLED Srclpt
Iz ; =100
N
E o E
.............. .50
= W ooa.oA N --100
x| - -150
x| 0.01
- _|ﬁ_|+_|_|f"'i_|@_|& =] [KEITHLEY]|
e GROUP1 |
AX) B(Y1) c(v2) D E F G T
1 [Im Im Vm Pm V_RMS L_RMS P_APPARENT |P_REAL
2 |0.000000e+00(-4.236940e-0041.545000e+000-6.546070e-0041.100145e+002|3.277542e-002|3.605772e+00(/3.366080¢
3 [1.660000e-004|-8.732080e-0059.670850e +00(-8.444670e-00+
4 [3.320000e-004|-1.951340e-0041.899830e+001-3.707210e-00:
5 [4.980000e-004|-1.735690e-0042.843810e+0014.935970e-00:
6 |6.660000e-004|-1.476880e-0043.796440e+001-5.606000e-00:
7 [8.340000e-004|-1.735690e-0044.749060e+001-8.242890e-00:
8 [1.006000e-003]-3.557210e-007]5.688720e+001-2.023600e-00:
Ig 1.174000e-003]-4.419090e-0056.60591 0e+001-2.919210e-003
4

ACLED_Srcipt

Keithley Instroments, Inc.
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LED Application
Electrical Parameters Calculation (Cont.)

« Meas RMS Voltage (Vm.rms)

Vs RMS 110.76
Vm_RMS 110.61

« Meas RMS Current (Im.rms) =T 0.0
|pf 0.04
« Peak Forward Current (Ipf) Ipr -0.04

S (Apparent P)| 2.22
P (Real P) [1.94E+00

« Peak Reverse Current (lpr) PF 87.53%

 Real Power (P) = Sum of Pm / pts

« Apparent Power (S) = Vm.rms X Im.rms Gf}'ﬁi\;
e R g

- Power Factor (PF)=P /S - R

Note: Refer to ACLED Measurement Draft, ITRI
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LED Application
- 7. T; Measurement vs. Device Self Heating

 An LED’s junction heats
as current is sourced
through it

\ Denotes linear
- An LED’s forward voltage "

V3

Voltage

drops as its junction
heats T — e S

Junction Temperature

 Problematic at all levels
but most problematic on Temp t V|
wafer.
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KEITHLEY

LED Application
- Tj Measurement

 The junction temperature (T;) of a diode can be measured
by measuring Vi and calculating T,

Tj zm*Vf+7})

T; = Junction Temperature in °C

*m = slope in °C/Volt "4
Vf = forward voltage drop - ot

*T, = intercept in °C vs

Voltage

* Device specific parameters
T =A|mbient Ti2 T|I3

Junction Temperature
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KEITHLEY

Tj Measurement
- Finding m and T,

| « To find m and T, we must first
collect some known points on

V1 S
\ Denotes i the Tj vs Vf curve
. extrapolation —_ Tj1’ Vf1 and sz, sz

Voltage

V3

« Equipment needed

Tj1 = Ambient T2 T3
Junction Temperature — LED device under test
— Precision SourceMeter
instrument
'QE %) — Temperature chamber
e sees el — Computer for control

SMU Temperature
CPU/GPIB Chamber
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KEITHLEY

T; Measurement
- Calculating Slope m and T,

(r,-T,)
2 1
m=r> J Equation 1
— uation
Vi 4 (Vf2 fl) 9
. T,=m*V, +T,
E Denotes linear
S vz extrapolation
Point-slope form of equation 1
V3 S
Iy, —1), = m(sz - Vfl)
Tj1 =A|mbient Tiz T|I3
By setting V;, to 0, equation 2 becomes

Junction Temperature

T, can be calculated by Iy =T,-—mV,
extrapolating the curve to the

Tj, in this case is equal to the intercept, or T,

junction temperature axis.
1, :sz :le _mel
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T; Measurement with Pulse Operation
- Setting for Transient Pulse IV Measurement

Setup |Data | Status |
User Modie | Transiertly
B Input Cescription
;SI:eWidth E ool The program i
! 1. LED junc
piulsePeriod 0.002 operation
measDelay Test Diagram E |1
rnlnteryal
Pulse Width l
ST =000 (Ex. 100us) Hote: c
pulseleyel 0.1 f 1. The max pulze time is around 10 minutes N
pLlseBias 15006 -— 2. The max sampling count is around 50,000 pts L
[
pulseLirnit 5] |
& Pulse Hi
£ (Ex. 350mA)
=< Meas start from 3
the last pulze -
Bias (Ex. 1M} 1 i
T0 Ex. 1 us | point Time
Script GLUI
Period
Groups (Ex. 1ms)
’7 w1 ke e ]
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T; Measurement with Pulse Operation
2> PW =1ms, PRD =2ms @ l.pulse = 0.1A

@ Plat and Data € Plot Only " Data COnly

—— TIVm@GROUFI§FTransientlV 70.10
—  YZIm@GROUP1$TransientlV
; -0D.08
-0.06
................................................................................................................................................................................................. E
-0.04
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 2002
i
0.0015 0.00
ﬁ B Input E
GROUPT | Tan 2
A(X) B(¥2) c(v1) D E F G H pulsEWidth 0.001 T
1 M Im Wi puksePeriod pulselirmit Ton pLlseBias pulselevel piulse pulsePeriod 0.002 &
2 0 2.603e-5 1.694e-3 2e-3 a] ] le-G le-1 1e-3 rmeashelay 1
3 |le-6 2.603e-2 2.494e-3 rnlnteryal 1e-006
4 |Ze-6 2.462e-5 6.926e-4 miCHT 2000
5 |3e-6 2.462e-5 -2.911e-3 | |
6 |4e6 1.755e-5 5.3132-3 pulseleve 0.1
¥ |Se-6 -5.083e-6 -5.313e-3 DLJ|SEE|IEIS 1le-00a
n == =1 FAC~ e B U b P | ":IL,IISELII'I'Iit 6 —
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T; Measurement with Pulse Operation
-2 PW = 100us, PRD = 1ms @ l.pulse = 0.1A

& Plot and Data ¢ Plat Only

" Data only

¥1:Vm@GROUPI $TransientlV_LastSec

'1“2:ImI_’E_hGI'RDUP1$TransientIV_Last5&c 0008
N 4
; - 0.006
T T T g £
3 . N O S S SRRSO -0.004
S N O S SRR SRR - 0.002
i 0.000
0.0008
Input
GRDUF‘ll Tan .
Gl Bl (B > 3 U i L | pulsewidth 0.0001
1 I Im i pulsePeriod pulseLlimit Tan pulseBias pulselevel pulse'idth pulsePeriod 0.001
2 |0 -4, 77086 -1.51e-3 le-3 le+l 5 le-o le-2 le-4
3 |16 3.486-6 202264 measDelay 1
4 |Ze-a 5.471e-7 6.926e-4 rnlteryal le-00a
5 |3e6 5.006e-6 8.9282-4 miCMT 1000
6 |46 1.0628-5 -9.058-4 pulseL evel 16-2
¥ |Seh 1.306e-5 -3.912e-3 )
n Efd (m} AEH?E [ = 11"\?"\ pL’”SEBIaS ]_E'I:II:IE
pulseLirnit 10
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LED Application
- 8. LED Light Bar

. Multiplexer Bank 1
Keithlev
HI o———— o—e HI Analog Backplane 1 )
2651A Output 1 LO o o—e LO (DMM Input
ofo—e HI AnaIgF Backplane 2
| | ¢—o"0—e LO (DMM Sense)
HI o—oTo ofo—e HI
Channel 1 L0 o o L0 Analog Backplane 3
3706-8 ) ) o/l, ﬂl) Analog Backplane 4 -
Channels 2-29 ot %
J s> I}}.I) Analog Backplanes | @
9
3723 Channel 30 H1 =0T ofo—e HI 8
ann L0 o—o* - to Analog Backplane 6 z
g
... 60 Channels Multiplexer Bank 2 \ 5
. HI o———4 o—e HI
Output 2 Analog Backplane 1
Test Fixture utp g 10 (DM g
o—e HI =
[ T TT TT TT TT TT TT T 11 ‘ o Dlseny g
o
HI o o—e HI )
L 11 117 77 [T T7T JT7T TT TT T7 Channel 31 L0 - 0 Analog Backplane 3 2

o—ae HI
L IT 71 T7T 71T T7T 7T T7T TT 11 ) ) Lo Analog Backplane 4
Channels 32-59

. o—e HI
L ITT 17T TT TT7T TT TT JTT TT T7 ) Lo Analog Backplane 5

Hl o—cTo oTo—e HI
LT TT TT TT1T 17T TT TT TT TT T1 Channel 60 o i € i€ {0 Analog Backplane &
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LED Application
- 9. What is a Thyristor?

al
al
>

Iz

« A thyristor is an unwanted capacitance in series with the LEDs junction

VF = VLED + VCapacitor
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The Thyristor Effect

* A thyristor shows up as a “Kink” A
in the V-l curve

« LED will exhibit a higher V. than
expected for a given I

Normal

Thyrist
« Causes a delayed turn on of the yrstor

LED >
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Detecting a Thyristor

« A thyristor will cause an overshoot in A
the voltage waveform before it breaks
down

Current

* Pulse current into the LED and
capture the voltage waveform e

* Adjust the pulsed forward current IF o
to adjust for thyristor sensitivity Time

— A thyristor will be most sensitive at
certain current levels A

Overshoot

* The Keithley Model 2651A High
Power SourceMeter Instrument
features a fast 18-bit digitizing ADC
that can capture the waveform.

— Waveform analysis can be performed on

the instrument in script. ——— >

Voltage
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Sampling Speed Comparison with K2651A
- Integrating ADC (50us/pt) vs. Fast ADC (1usi/pt)

Volt.

Fast ADC vs. Integrating ADC Comparison with 1000-point
Sampling

3.5E+00
3.0E+00
2. 5E+00
2.0E+00
1.5E+00
1.0E+00
5.0E-01
0.0E+00

0 100 200 300 400 500 600 700 800 900 1000

Time (us)
---¢---Time_Fast W Time_Int
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Oscilloscope Verification, Thyristor LED
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K2651A Setup and Verification

' OR ¢ . New Features: 18-bit Fast ADC - 1us/ point
Keithley Test Fixture Keithley 2651A
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Transient IV Measurement for Thyristor Investigation

Transient Meas for LED Thyristor Characteristics (First 300us)

0.0E+00

1.4E-05
2.8E-05
4.2E-05

5.6E-05
7.0E-05
8.4E-05
9.8E-05
1.1E-04
1.3E-04
1.4E-04
1.5E-04
1.7E-04
1.8E-04
2.0E-04
2.1E-04
2.2E-04
2.4E-04
2.5E-04
2.7E-04
2.8E-04
2.9E-04

7.00E-02
6.00E-02
5.00E-02
4.00E-02
3.00E-02
2.00E-02
1.00E-02
0.00E+00
-1.00E-02

Amp.

Sec.

Value

Remark

V.max

3.22

—o— V.60mA —=m— Current V.min

3.06

Range 100~200us

V. diff

0.16
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The Keithley Model 2651A
High Power SourceMeter® Instrument

« 200 Watts of DC Power
 Up to 2000 Watts of pulsed power
* Pulse Width Modulation capability

* Programmable duty cycle from 0O-
100% in the standard DC operating
areas

« Up to 50% duty cycle at 30A
* Precision timing and
synchronization to 500ns
» High speed vs. accuracy A/D
— True 1 us/point with 18-bit
digitizing A/D
— Full line-cycle integration with
22-bit integrating A/D
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SourceMeter® Source Measurement Unit
2651A High Current model

« Power: 200W DC, 2KW Pulse
— 20A @ 10V (DC)/50A @ 40V (pulse)
— Easily expand to 80V @ 50A pulse or 40V @ 100A pulse (with 2 units)
— 100uSec minimum pulse with ~30uSec rise time
— Pulse from 1% to 100% duty cycle

“Easily capture important parametric data that other equipment cannot’

 High Speed and High Accuracy A/D Converters (same as 2657A)
— True 1 uSec per point sampling with 18-bit digitizing A/D
— Full line-cycle integration with 22-bit integrating A/D

“Precisely characterize transient and steady-state behavior, as well as thermal

effects”

| \ ® =
_
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SourceMeter® Source Measurement Unit
2657A High Voltage model

«  180W of Power
— 120mA G 1.9k 7 20maA @ kY

"Easily capture important parametric data that other equipment cannot’

 Scalable, Flexible, High Speed Architecture
— Part of 26x Family with TSP/ TSP-Link
—  Fully floating, independent channels support SMU-per-pin testing

"Improve productivity in many applications across R&D, Reliability, and Production’

High Speed and High Accuracy A’'D Converters
— T y5Sec perpoint sampling with 18-bit digitizing A/D
—  Full'line-cycle integration with 22-bit integrating AD
"Precisely characterize transient and steady-state behavior’

Sub pA Resolution S =
— 1nA range with 1074 resolution

“Support low-leakage reqguiren , s 00 00
| ==

_'.! -
=3

.- :
fomma) . ) i /

B
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SourceMeter® Source Measurement Unit
Ex. Fast ADC Function (sync IV meas.)

- 700

- 600

- 500

- 400

Current (A)
Voltage (V)

- 300

= 200

- 100

- 0

-100

1 I I I I 3
0.000 0.005 0.010 0.015 0.020 0.025 0.030

Time (seconds)

The dual high speed A/D converters will sample as fast as 1ps per point, enabling full simulta-
neous characterization of both voltage and current.
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TSP Express, Powerful Built-IN Software

- Sweep Setting GUI

File Edit Instrument Yiew Help
BIR ¢ GO :
Edit | Sweep rnma |

SMU Assi t \ D Twe | Name | SourceFunction | SourceMode |  Meas.Function  |Advanced ||
localnode.smua Step |gate ‘ |vo|tage |v| |Normal |V| |V0|1399 |'| | | B

Auto-range enable: [ ] localnode.smub Sweep |dra|n ‘ |voltage |v| |Norma| |v| |cunem |v| | |
High-C enable: O

o
Bias

| Name Source Range Source Value Meas. Range

NOTE: use 'SMU Assignment.. ' to add bias channel

rStep (outer)

#steps: [5 |

[ Name [ Source Range [ Start [ Stap [ Style [ Meas. Range |
gate |ﬁV |annv ||5nv ||LIN |v||ﬁV |v|

rSweep (innery

Custom: [ | Edit ... | # points: |1u | time/point; |1B.6? ms ‘ pulse width: |1 s

| HName | Pulse | Source Range | Start | Stop | Bias ‘ Shle | Meas. Range ‘
drain |4uv |v|‘n.uv Hm.ov ||nnv ||L|N |vH1I]I]mA ‘v|

SMU Output
15y

ate i)
rain ()

2 Midiv

5y

-5

0s 83.35 msidiv 416.75 ms 8433.5 ms

79



I(EITHLEY A GREATER MEASURE OF CONFIDENCE www.keithley.com

TSP Express, Powerful Built-IN Software
- Output Data GUI

It AL I
File Edit strument Yiew Help

- RER- .:\zw
e (o)

rData Collection Options (set prior ti ing script)
Data SoWce: Sweep (automatically determined by position of Data Report in scripth
Buffers: AUTO =l .
rDiata Display (collected autom atic ally when script is run)
Statue:
Display: [Table [~]
M Asate: ¥ s ‘
1106 [¥] Device Source CJL0G  [#] Davics Measuwn
| Start GMT Timestamp: 9/24/08 11:30 AM 0.223810 (GMT)
locainode =mua. nvbuffar] localnode.smub.rvbufert
2408 11:39 A 0.233839 (GMTY 924708 11:38 AM 0.223819 (GMT)
localnode. s mua.nvbutfer localnode. s mub.nvbufier! -
Timestamp Source Value Resding Timestamp Source Yalue Reading
0.0 0.0 4.TOBTE7E-5 00 0.0 2.408DZBE-5
D 451743 01111111 01111566 D.050001 01111111 0111127
0.903518 02222222 \0.2223642 |0.099993 10.2222222 10.2222433 -
1.356201 0.3333333 0.3335874 0148807 0.3333333 0.3334674
1 BO7 D65 04333332 0 4438053 D.198996 04443344 D 4446934
2 758B4 |0 6555558 06560032 |D.248BB6 |0 5655556 06656143 ] &
2.710615 0.6666E67 06672111 0.300001 0.6666E67 0.667243
3.162383 0.T7777780 |0.T784186 |0.350001 D.ITT7778 |0.7T7B45932
3.614163 \D.6BBEEBD 0.68BE500 |D.39BBBB 0.688BEBB \0.6896134
4.065865 1.0 1.000853 0.440007 1.0 1.000841
\0.451604 00 -3 457063E-6
0.501771 oA111111 104111308
0.55177 0.2222722 0.2222447
sk | D601 TER 10.3333233 1D.3334627
Data can be exported to text o361 753 i s
| 0.T017E8 |D.6655556 05559162
. D.T81772 |D.6BEEEET \D.66TZ506
ﬁle for l i |rther analySIS 0.601771 0.77rr77B 0.7764852
| 085177 |0 eeeeees 08826115
D.901768 o 1.000847
D.903566 0.0 1.311302E-5
|D.953547 01111111 01111313
1.003545 0.2222222 0222248
053543 03333333 D 3334687
\’/ 1 ma.b\ EEEETEEL] 04446606
1.153542 0.5555556 0.5556157
Export..
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TSP Express, Powerful Built-IN Software
- Multi-Sweep with One Click

File Edit Instrument Yiew Help KEITHLEY
BT ¢ elwls X

( Edit |’5weep |’Data |’5cript Outline |’5weep2 |’Data2 |’5weep3 |’Data3 |
m Step # MHame Step Type Description
1] Initialize Initialize This function prepares the test for execution. [t first verifies that .
E 2| Sweep Swreep Configures a sweeping test.(This represents a Sweep segme...
.rIJ_ 3 Data DataReport This script returns a series of reading huffers. (This represent...
E 4| Sweep? Sweep Configures a sweeping test.(This represents a Sweep segme. .
a| Dataz DataReport This script returns a series of reading buffers. (This represent...
IEI B| Sweepd Sweep Configures a sweeping test.(This represents a Sweep segme. .
D 7| Datad DataReport This script returns a series of reading buffers. (This represent...
2| Finalize Finalize The function campletes the script and places the instrument in...
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TSP Express, Powerful Built-IN Software

- Higher Current (50AX2, Parallel)

- Available -Bias
localnode.smua (26514) —
ode[1].smua (2651A4)
-Step (1 step max.)
— Top SMT Combining
- Available -Selected (2 max)
node[1].smua (26514)
ocalnode.smua (2651A)
— —
- Sweep
—
Configuration: ® Parallel  Series
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TSP Express, Powerful Built-IN Software

- Higher Current (100A, Parallel)

- Sweep (innerj
Custom: [ ] Edit ... # points: |1 1| timefpoint: (50 ms pulse width: (300 us
| Hame | Pulse | /Bource'mmgo\ | Start | Stop Bias | Style | Meas. Range
1004 (1!]!].!1 - | NOA 10004 LIN w | (40 -
\/1
l Composite SMU in Parallel Configuration
Source Range
100 A i Force Hi Force Hi
2 ma | Sense Hi Sense Hi
SMU A sSMuU B
e FIMV FIMV puT
200 ma || Sense Lo Sense Lo
2 A Force Lo Force Lo
10 A
20 4 T
40 4 »
100 A E ! ? 7
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Conclusion
- Your Superior Partner in Precision IV Measurement

Home 7 Productz
Currenttfoltage Source and Measure Products

Multi-Channel I-¥ Test Solutions, Source Measure Units {(SMU), Curve Tracer, and Precision Power Supplies
for current’'voltage source/measure capability.

R LI LG Source Measure Multi-Channel |-V Characterization
Series 2600 with embedded Test Script Sub-Femtoamp .
Unit (SMU) (Parameter Analyzer)
Processors
4200-5C5
Z-W Option

- e Pulze IV option
]:! ot ol Q Pulse I v/ & Point
[ 2 Ch Pulse Gen

2 Ch Qzcillozcope
FLASH memory test

2602(Dual Ch) 261 2(Dual Ch) 2536(Dual Ch) 5430 26514 (304) 4200-505

Model 2601(Single Ch) 2611(5ingle Ch)  2633Single Ch) 2B5TA (3K

Description scalable, Hioh High voltage and - L.ow currert and Utra-Lowe Current High Powwer Multi-Channel 1% Characterization \ Overshoot

Throughgut pulzed output pulsed output @

Lo J

a3

. |IEEE-455, R=-23532 communicstion with embedded Test IEEE-458, o
Programming Script Processar (TSP) capabilty [EEE-435, R5-232 RS232, TSP Ermbedded U > \

I-¥ Test Solutions - Series 2400 SourceMeter Instruments

Model 2400 2410 2420 2425 2430 2440
Description General Purpose High Woltage 3A High Poweer Pulze oA
Programming |[EEE-4585, RS-232
Contact Check 2400-C 2400-LY 2410-C 2420-C 2425.C 2430-C 2440-C
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