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Kelvin Measurement

A 2-wire measurement really 
measures the DUT resistance plus 
the meter lead resistance 

4

A 4-wire measurement gives you 
control of where the voltmeter 
connects 
-Called Kelvin Measurement

All voltage drops on the line and connection resistance must be compensated by 
the regulation loop. Therefore, the sense lines are connected at DUT pins directly.

Innovative Test Solution Design and Production Practices  for Automotive

4



High Precision Contacts & MeasurementTestConX China 2023
Session  2 Presentation 1

November 21-23, 2023TestConX China Workshop TestConX.org

5

93K DC Scale Instruments

5

DC scale cards with kelvin structure.

A-Test Head
8 slots

S-Test Head
32 slots

C-Test Head
16 slots

L-Test Head
64 slots

Innovative Test Solution Design and Production Practices  for Automotive

DPS128 HC/HV 
-2.5V...7V, 1A max (-6V...+15V HV)
Precision DC, DPS, VI
128 channels per card

FVI16
-60V...+120V, 3A DC /  10A pulsed
VI, DPS, TMU，AWG/DGT
16 floating channels per card 

AVI64 
Universal Analog Pin
-40..+80V, 100uV accuracy, ±4A pulsed
Precision DC, TMU, AWG/DGT, Digital_IO
64 channels per card 

PVI8
-40V...+80V, 1A DC/  10A pulsed
Precision DC, TMU, AWG
8 channels per card 

UHC4
+4 V, 40A DC
VI
4 channels per card 
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Soft Kelvin Benefits and Considerations
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F

S

2kΩ

Load Board DUT

Force/Sense 
on device

ATE Instrument

Force

Sense
?

Why do we need the kohm resistor between F/S on load board?
When the force and sense present on device, we may damage device in 
case of abnormal F/S connection. The resistor was used for “soft kelvin”. 

Do we need the resistor when we use 93K DC instruments in production?
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Soft Kelvin Benefits and Considerations
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DPS128
From cookbook:
 DPS128 does not implement a local sensing safety circuit, but 

implements a so-called “force / sense voltage limiter” block. This 
block guarantees a not to be violated maximum distance between 
force and force-sense and also acts as a safety feature to prevent 
unpredictable DPS states.

 For standard force operation the “force / sense voltage limiter” 
works in a way that it will tie up the sense to the force, as soon as 
the there is a voltage difference greater than 1 V.

Recommendations,
Add 100 kOhm force to sense bypass resistors on 
the DUT board to protect against open loop.
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Soft Kelvin Benefits and Considerations
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AVI64

 Each AVI64 channel features a switchable clamp circuitry
between the P# pogo pin and the PS# pogo pin. This clamp 
circuitry limits the voltage difference between the two pins 
for abnormal operating conditions. 

 An abnormal operating condition is for example an open 
sense connection on the DUT board if the Kelvin 
connection scheme is used. The closed FS clamp limits the 
voltage increase on the force line to about 2 V in this case.

Recommendations,
We recommend connecting the two pins directly at the DUT so that the digital 
closed loop control is able to compensate the voltage drop on the P# line.
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Soft Kelvin Benefits and Considerations
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FVI16
 Automatic disconnect for weak force to sense connection. To 

protect probe card needles and test sockets, the VI source 
output gets automatically disconnected in case a weak force 
to sense connection leads to a Kelvin voltage drop exceeding 
the programmed threshold voltage and the VI is set to the 3 A 
or 10 A range.

 Disadvantage: 
300mA range is excluded from automatic disconnect

Recommendations,
We recommend a F/S resistor is optional. Generally, recommend a F/S resistor of 
at ≥ 10kΩ for the FVI16.
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Soft Kelvin Benefits and Considerations
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Force Sense Resistor Error Calculator

Example using the calculator

FVI16
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Kelvin Test
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Kelvin Connection 

Kelvin connection on LB Kelvin socket Kelvin prober card 

Regulation loop control is able to compensate 
the voltage drop on the P# line, make sure the 
voltage presented to DUT
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Kelvin Test
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4 Ways of Kelvin Test

F

S

DUT ATE
F

S

Relay to GND:
IFVM with sense over force, R=V/I

F

S

DUT ATE
F

S

Relay to PS1600, PS1600 force 0V:
IFVM with sense over force

Disadv: additional PS1600 needed

AVI64 AVI64

PS1600

F

S

DUT ATE
F

S

By ESD:
1st : IFVM with sense over force
2nd: IFVM with force over sense
Disadv: two measurements is needed
Test time is more

AVI64

1st

2nd

F

S

DUT ATE
F

S
Kelvin measurement unit By Kelvin measurement unit: 

Return the pass/fail.
Disadv: No test value

Typical
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Fritting On Contact
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Background
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Contact on some pins failed Contact on some pins pass but outliers

When the prober card was idle for a long time(days) and then used for
production, we will encounter the contact problem. Two prober cards both 
have same behavior. 
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Some Trials and Significant Improvements

15
Innovative Test Solution Design and Production Practices  for Automotive

1. LB check passing and checked the inside of prober card, no significant 
findings;

2. Did needle alignment, no help;
3. Cleaned prober tips and adjusted over drive, no help;
4. Switched to another tester and did calibration, no help;
5. Debugged the test method, no help;

…
A significant trial as below improved the contact.

Increase the current to -5 mA and then decrease to -
200uA, improved the stability of contact.

-200 uA

IFVM
DUT
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Fritting Theory 
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Theory of electric contact:
two conductors in mechanical contact, separated by thin insulating layer 
(e.g., probe needle on Al-pad separated by layer of native oxide)

Fritting Theory:
• Fritting is used for the electric contact. 
• The higher current is supposed to do a kind of 

fritting.
• Certain pulse time with the higher current is 

sufficient.
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Experiment about Fritting Parameter 
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Current experiment

No fritting,
means measure
with -100uA

-2 mA -4 mA -5 mA

Same Samples for Different Current

-3 mA

Change current for fritting, providing pulse time = 5 ms.
Voltage
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Experiment about Fritting Parameter 
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Pulse time experiment

Change pulse time for fritting, providing current = -5 mA.

3ms 4ms 5ms 6ms

Same Samples for Different Pulse TimeVoltage
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Experiment about Fritting Parameter 
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Current + Pulse time
The combination of current and current pulse time

We used the combination for common fritting in production eventually.
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FVI16 for Floating Power Supply
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Configuration and Test Spec.
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Per siteTotal ChannelsNum.Card

165124PS1600

82564AVI64

1322FVI16

6(1:4 MUX)192(1:4 MUX)16PMUX

NA2561Utility

Production Configuration for 32 sites

Floating 
VI card
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Configuration and Test Spec.
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Test Spec.

VS SW

FB QuC

Step down Regulator

LDO Regulator

Sink 2.0A current(IOC test)

Sink 300 mA current

Power Supply

Input Output

Challenge:
 Only FVI16 instrument can meet the request above according to V/I 

capability.
 But one FVI16 channel per site.
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Theory of Test Solution
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Solution for production:
Use FVI16 Floating structure. Step down and LDO regulator can share one 
FVI16 channel per site meanwhile.

DUT

VS SW

FB QuC

Step down Regulator

LDO Regulator

Ramp from 0mA to 2A 

Sink 300 mA current

iForce current ramp    
Floating FVI16

AVI64 
vForce 13 V    

iForce 300mA    

Floating FVI16

AVI64 
vForce 6 V    

HF

HS

LF

LS

HF

HS

LF

LS

Input

Input

Output

Output
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FVI16 Unregulated Mode
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AVI64 _GS

AG1

AG2

FVI16_GND_LS
1AVI6  F/S

FVI16_GND_LF
1

LB design bug:
If the kelvin between AG1 and AG2 is defective, we would not use FVI16 
and AVI64 regulated mode to test the kelvin.

Background
AGx is device ground and pads above are presented on silicon. Test plan 
request the kelvin test between AG1 and AG2 inside silicon.
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FVI16 Specification

setting

measurement
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Production Implementation

Results 
when device is good

Results 
when device is 
defective
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Summary
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 Kelvin
• Theory
• 93K DC Scale Cards
• Soft kelvin benefits and considerations
• Kelvin test

 Fritting on contact 
• Background
• Trials
• Fritting theory
• Contact

 FVI16 for floating power supply
• Configuration and test specification
• Theory of production solution

 FVI16 unregulated mode
• Background
• Specification 
• Production implementation
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