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Buy a TV/Monitor recently?



What’s An Ideal Display?

Vibrant Colors    High Contrast  
Blackest Blacks Brightest Whites

High Dynamic Range
Wide Viewing Angles

Flexible Display Sizes
Low Power Consumption

Thin

Fast Response 



Can you name some of the display technologies?
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Organic Light 
Emitting Layer

Non-organic 
Light Emitting 

Layer
<100um

Can You Guess The Display Technology?

LCD/LED/mini-LED
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Micro LED : Advantages Vs Challenges

Advantages
• 1 pixel = 1 (LED) light source
• Individual Pixel (Light) control
• Highest Dynamic/Contrast range

• Most Vibrant colors / High luminance
• Wide viewing angles / Highly Scalable
• Better performance than mini-LEDs & OLED

• Modular & scalable

Challenges:
• Cost /Manufacturability

• Traditional Led/mini-LED testing too slow for uLED.
• Testing complexity and yield
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Testing Challenges



Traditional ‘High Speed’ LED Testing Not Fast Enough!
Traditional LED Tests:

• Reverse Current (Ir)
• Forward Voltage Test (Vf)
• Reverse Voltage Test (Vr)
• Current Leakage Test (IL)

Optical Test
• Intensity
• Wavelength

Mini/Micro LED Challenges:
- Millions of LED chips per wafer 
- Traditional LED testing 

techniques too slow
- Increased cost and test time 

from hours to days
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Test Methodology – PL vs. EL
PL EL

Machine Cost Higher Lower

Example Testing Item

LOP: Light Output Power
WLD: White Light Degradation
WLP: White Light Power
etc

LOP: Light Output Power
WLD: White Light Degradation
WLP: White Light Power
Ir, Vf, Vr, Ileakeage, etc

Testing Time Fast Slow

Pros
• Whole wafer testing
• Non-contact
• All size

• Comprehensive chip testing
• Better Accuracy & yield info

Cons

• Unable to measure leakage 
current

• Unable to distinguish single LED 
operation

• Limited yield info

• Limited by chip size
• Limited by number of chips/wafer
• Potential defects from needle touch down 
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Specification LED
uLED

(1uA range)

Current Accuracy 5 nA 500 pA-1 nA

Current Resolution 100 pA 10 pA

Voltage Range +/- 48 V +/- 48 V

Voltage Resolution 200 uV 200 uV

Settling time 60 ms 20-30 ms

MicroLED Test Requirements
Customer Validated
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MiniLED

NI SMUs for Mini/MicroLED Testing

• 1 Channel
• +/- 200 V, +/- 1 A
• 100 fA Current Sensitivity

PXIe-4137
• 12/24 Channel
• +/- 24 V*, +/- 50 mA
• 100 pA Current Sensitivity

PXIe-4162/3
• 12/24 Channel
• +/- 24 V*, +/- 50 mA
• 10 pA Current Sensitivity

4162/63 (10pA)

*Stacked SMU Architecture to achieve +/- 48 V

MicroLED

• 4 Channel
• +/- 24 V*, +/- 150 mA
• 10 pA Current Sensitivity

PXIe-4143

1-8 Channels 8-20 Channels 1000s of Channels
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PXIe-4162/3 10 pA SMUs
Great for Mixed Signal IC & µLED Test

Channel Count:
PXIe-4162: 12 + Guard

PXIe-4163: 24

Max Voltage: +/- 24 V
Voltage Resolution: 200 µV
Voltage Accuracy: 0.05% + 5 mV

Max Current:
PXIe-4162: +/- 100 mA

PXIe-4163: +/- 50 mA

Current Resolution: 10 pA
Current Accuracy: 0.1% + 100 pA
Minimum Current Range: 1 uA

NI PXIe-4162/3 10 pA SMUs

Released
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MicroLED – High Channel Density @ 48Vwith 10pA Resolution

Requirement PXIe-4163* +4139

Current Accuracy 500 pA-750 pA

Current Resolution 10 pA

Voltage Range 48 V*

Settling time 20-30 ms

*Requires updated PXIe-4163 + PXIe-4139

1x
 C
ha
ss
is

• Up to 384 Ch’s / Chassis ; 2184ch/ 40u 
Rack

• Example shows 288ch config @ 
26mA/ch

• Up to +/- 48 Volts
• 1 PXIe-4139 for every 2.5 PXIe-4163
• All channels tied to the same PXIe-

4139 will have to perform the same test
• Characterize leakage current for each 

channel for reverse current test to 
improve accuracy

+
-

+
-

+
-

Stacked Architecture
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New* - High Density -100V mini/uLED Low CostSolution

Requirements:
• Low-cost high-density tester
• -60V minimum capability for reverse breakdown testing
• Similar test time/throughput as 4137-based solution
• Lower accuracy (VS 4137) is acceptable 

New Marketecture:
• Multiple 4143 stacked atop 4139 to allow up to 60V of 

reverse voltage capability
• NEW protection block design to protect PXIe-4143 form 

>30 V difference between LO and any other pin resulting 
from DUT failures and sudden shorts

4139
1-ch
SMU

+

-

4143
4-ch
SMU

+

-

External Circuitry
/ Protection 
Accessory

DUT
(Mini- LED)

8 ch

8 ch

8 sites

-36 V

-24 V

-60 V

New design based on 4163 
protection block to allow up to -

100V reverse Voltage

Existing 4163 protection block
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LED Test System Concepts
From MiniLED to MicroLED

Low Channel Count
System Spec

Chassis PXIe-1073

SMU PXIe-4137

Max IV Ch. 5

V Range 200 V

V Resolution 100 nV

I Range 3 A

I Resolution 100 fA

Size (in) 11 x 9 x 7

Medium Channel Count 
System Spec

Chassis PXIe-1073

SMU PXIe-4143, 4139

Max IV Ch. 16-32

V Range 48 V*

V Resolution 20 uV

I Range, Acc. 150 mA

I Resolution 10 pA

Size 11 x 9 x 7

High Channel Count
System Spec

Chassis PXIe-1085

SMU PXIe-4163, 4139 

Max IV Ch/Rack Up to 2184* 
(@4mA)

V Range 48 V*

V Resolution 200 uV

I Range, Acc. 50 mA

I Resolution 100 pA**

Size (in) 19 x 19 x 11*Stacked SMU Architecture to achieve +/- 48 V
** 384 ch/ chassis @4mA max current/ch



Mini LED Case Study with FitTech

Challenge:

- Millions of LED chips per wafer

- Traditional LED testing techniques too slow

- Increased cost and test time from hours to days

Solution:

- Fittech with NI  built 8x site parallel mini-LED 
wafer tester with NIs High density SMUs. 

- Quadrupled throughput while maintaining high 
accuracy and performance. 
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Other LED Technology Targets
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Common Semiconductor Applications

Parametric Test 
Materials Research 

Wafer Level Reliability 

Semiconductor 
Validation & 

Characterization

Semiconductor & 
Optoelectronics 
Production Test
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Questions?
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VCSEL I-V Test Instrument
2 channels in 1 PXI Slot

Pulsed Forward Current:
• Max Pulse currents: 10 A

• Min. Pulse periods: 5 µs

• DUT voltages: 0 to +15 V

• Measure Apertures: ≥ 0.5 µs

• Trigger for photodiode measurements

Reverse Leakage Current:
• Configure bias: 0 V to -40 V

• Measure current: 0 nA to -100 µA

• Measurement resolution: 1 nA

Reverse Voltage:
• Configure bias: -10 nA to -100 µA

• Measure voltage: 0 V to -100 V

Gangable for Higher Current or Higher Duty Cycle %

Coming

Q3 2023

Last Updated: February 27, 2023
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PXIe-4162/3 10 pA SMUs
Great for Mixed Signal IC & µLED Test

Channel Count:
PXIe-4162: 12 + Guard

PXIe-4163: 24

Max Voltage: +/- 24 V
Voltage Resolution: 200 µV
Voltage Accuracy: 0.05% + 5 mV

Max Current:
PXIe-4162: +/- 100 mA

PXIe-4163: +/- 50 mA

Current Resolution: 10 pA
Current Accuracy: 0.1% + 100 pA
Minimum Current Range: 1 uA

NI PXIe-4162/3 10 pA SMUs
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LED Test System Concepts
From MiniLED to MicroLED

Low Channel Count
System Spec

Chassis PXIe-1073

SMU PXIe-4137

Max IV Ch. 5

V Range 200 V

V Resolution 100 nV

I Range 3 A

I Resolution 100 fA

Size (in) 11 x 9 x 7

Medium Channel Count 
System Spec

Chassis PXIe-1073

SMU PXIe-4143, 4139

Max IV Ch. 16-32

V Range 48 V*

V Resolution 20 uV

I Range, Acc. 150 mA

I Resolution 10 pA

Size 11 x 9 x 7

High Channel Count
System Spec

Chassis PXIe-1085

SMU PXIe-4163, 4139 

Max IV Ch/Rack Up to 2184* 
(@4mA)

V Range 48 V*

V Resolution 200 uV

I Range, Acc. 50 mA

I Resolution 100 pA**

Size (in) 19 x 19 x 11*Stacked SMU Architecture to achieve +/- 48 V
** 384 ch/ chassis @4mA max current/ch
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Common Semiconductor Applications

Parametric Test 
Materials Research 

Wafer Level Reliability 

Semiconductor 
Validation & 

Characterization

Semiconductor & 
Optoelectronics 
Production Test



ni.com

Questions


