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AGENDA
PROBLEM

• CHALLENGES IN CONTACT EVALUATION
MEASUREMENT THEORY REVIEW

• 2 POINT MEASUREMENTS
• 4 POINT MEASUREMENTS

SOLUTION

• INTRODUCTION OF P4PM SYSTEM
• HW/SW IMPLEMENTATION
• SAMPLE DATA: OPENS/DELTAR

CONCLUSION

• REVIEW
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CHALLENGES IN CONTACT
EVALUATION

• TIGHTER PITCH / LOWER CONTACT
FORCE

• SHORTER CONTACTS / LOW
COMPLIANCE

• INCREASED PIN COUNT / HIGH
RELIABILITY CONTACT

• TAKE MORE SAMPLE DATA PER
TOUCHDOWN
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2 POINT  MEASUREMENTS

• LEAST ACCURATE METHOD OF
MAKING CONTACT RESISTANCE
MEASUREMENTS.

• FIXTURE RESISTANCE CANNOT BE
NULLED OUT.

• EASIEST METHOD TO MAKE
MEASUREMENTS
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2 POINT EXAMPLE

• Force Current I(f)
• Measure Voltage V(s)
• R(m) = V(s) / I(f)
• R(m) = R(x) + R(L+) +

R(L-)
• Sense Point Location
• Measurement Error

Ω Ω

Ω
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4 POINT MEASUREMENTS

• Used when R(L) approaches  R(x)
• More-accurate method of  making

contact resistance measurements.
• Lead and Fixture bulk resistance can be

nulled out.
• Wiring for multiple measurements can

get complex (4 points/contact
measurement)
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4 POINT EXAMPLE

• Force I(f)
• Measure V(s)
• R(m) = V(s) / I(f)
• R(m) = R(x)
• Sense Point

Location gives
accuracy

• What if we relocate
sense points?

Ω Ω Ω Ω

Ω

Ω
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PSEUDO 4 POINT
MEASUREMENTS

• USES 2 POINT MEASUREMENT
HWRE TO ACHIEVE 4 POINT
MEASUREMENT ACCURACY.

• ACHIEVED BY “MOVING” THE SENSE
POINTS TO THE CONTACT,  OR,

• REDUCING THE EFFECTIVE R(L+)
AND R(L-) => ZERO
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P4PM SYSTEM THEORY

Ω Ω

Ω

ΩΩ

• Reduces R(L-) to 0
by creating multiple
return paths.
(Hardware)

• Reduces R(L+) to 0
by subtracting
minimum values on
a per-channel basis.
(Software)
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P4PM SYSTEM HARDWARE

• PC – FOR DATA STORAGE AND
SYSTEM CONTROL (IEEE 488 BUSS)

• PMU – FOR CONTACT RESISTANCE
MEASUREMENT

• SWITCHING MATRIX – FOR DUT I/O
PIN SELECTION

• CONTACTOR FIXTURE – CONNECTS
SWITCHING MATRIX TO SOCKET
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P4PM SYSTEM
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P4PM SYSTEM
IMPLEMENTATION
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P4PM OPERATION (+)

• SELECT RELAY.
• +PATH IS THRU 1

PIN ONLY TO
SHORTING
DEVICE.

•  R(+) = R(F) + R(C)
• STATISTICALLY

REMOVE R(F),
LEAVING R(C).
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P4PM OPERATION (-)

• -PATH IS THRU
N-1 UNSELECTED
RELAYS

• IF N IS LARGE,
R(-) => ZERO

• V(-) => ZERO
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SYSTEM SOFTWARE I

• DATA COLLECTION:
•  SAVED BY CHANNEL, READING, JOB,

TESTER AND FIXTURE; DATE & TIME.
• CALCULATIONS:

• MINVALUE PER CHANNEL PER JOB
• UPDATE MINVALUE FILE. (MULTIPLE

MINVALUE FILES FOR DIFFERENT
TESTERS AND FIXTURES)

• R(C)=(READING-MINVALUE)/I(F)
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SYSTEM SOFTWARE II

• R(C)
• AVERAGE R(C)
• OPEN PINS
• THRESHOLD

VALUES

• TABLE /  GRAPH
• BY PIN

LOCATION
• BY MODULE
• BY JOB
• BY SOCKET
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OPENS EXAMPLE

• LOW YIELD –
INTERMITTENT
SOCKET

• 50 CYCLE TEST
• GRAPH SHOWS

FREQUENCY OF
FAILED PINS
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R(C) EXAMPLE

• TO SHOW R(C)
VARIATIONS
ACROSS SOCKET

• SINGLE READING
OR STATISTICAL
READINGS
ACROSS SOCKET.
(MIN/MAX/AV)
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MEASUREMENT ERROR

• NOTE:  ALL MEASUREMENTS ARE
BASED ON MINVALUE = 0 R(C)

• TRY TO INSURE THAT R(-) x I(F) IS
LESS THAN LSB OF PMU OR
DESIRED RESOLUTION.

• LOW I/O SOCKETS PRONE TO
ERROR DUE TO FEWER RETURN
PINS.
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CONCLUSION

• DESCRIBED CHALLENGES
• REVIEWED 2 AND 4 POINT

MEASUREMENTS
• INTRODUCED P4PM SYSTEM
• SHOWED IMPLEMENTATION HW/SW
• EXAMPLE WITH SAMPLE DATA
• MEASUREMENT ERROR
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Results
Example - PrimeYield Systems .8mm QFP Contactor

• Contactor was cut away for fixture development
• A PCB was constructed as described earlier
• 800µµµµm air coplanar probes were chosen (G-S-G)
• THRU, OPEN, and SHORT configuration frequency and

time domain data was recorded to 15 GHz on a HP 8510C
VNA.

• All data analyzed and displayed  in Excel

OPEN measurement

SHORT measurement

THRU measurement
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Results
Example - PrimeYield Systems .8mm QFP Contactor

Bandwidth - Insertion Loss

• Calculated from S21 and S12 THRU
measurements

• -1 dB at 5.75 GHz

• -3 dB at > 15 GHz

• Data contains PCB parasitics

Electrical Delay

• Calculated from S21 and S11 THRU
measurements

• 47.81 ps delay

• Stable, linear behavior to 6.00 GHz

• Data contains PCB parasitics
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Results
Example - PrimeYield Systems .8mm QFP Contactor

Capacitive Reactance

• Calculated from S11 OPEN
measurement

• 1.26 pF at 1.0 GHz

• 1.41 pF at 2.0 GHz

• 1.78 pF at 3.0 GHz

• Resonance seen at
approximately 5 GHz

• Data contains PCB parasitics

CAPACITANCE

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

0.00 1.00 2.00 3.00 4.00 5.00

Frequency (GHz)

C
ap

a
ci

ta
nc

e
 (p

F

S-11

.8mm PL, SHORT BEAM, G-S-G
O PEN

MARKERS
S-11
GHz      C (pF)

1.26361.0

1.77953.0
1.41332.0

13 .02955.0

12/ 21/99 14:01

Zo=    ΩΩΩΩ50

RESONANCE:                  5.04

SMITH CHART - REFLECTION

S-1 1

MARKE RS
S-11                        (open)          (short)
GHz    Z (R+jX) Ω Ω Ω Ω                 C (pF)           L (nH)

1. 97-j12 9.8 01. 0

3. 0
2. 0

5. 0

1 2/21/9 9 1 4:0 1

.8mm PL, SHORT BEAM, G-S-G

OPEN

1.1 9-j1.5 2

1.09 -j2 9.9 2
1.16 -j5 6.9 2

Zo=    ΩΩΩΩ5 0

1.2 63 6
1.4 13 3
1.7 79 5

1 3.0 29 5

-2 1 294 2
- 4.5 80 9
- 1.5 95 3

- 0.0 48 2



 BiTS 2000 26PrimeYield Systems, Inc.

Results
Example - PrimeYield Systems .8mm QFP Contactor

Inductive Reactance

• Calculated from S11 SHORT
measurement

• 2.03 nH at 1.0 GHz

• 2.22 nH at 2.0 GHz

• 2.71 nH at 3.0 GHz

• Resonance seen at approximately
5 GHz

• Data contains PCB parasitics -
probably most influential
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