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The Iy, Testing Technique

Theoretically, the current monitoring (Ippq testing) technique is one of the most
effective techniques for the discrimination of defect free from defective circuits.

It is based on the observation that a defect free CMOS integrated circuit has a
quite small quiescent current (I, current) in the steady state (due to transistor
current leakages), with respect to a defective one.

In case that the measured quiescent current is much higher than the expected
level (taking into account possible variations), then the circuit is considered as
defective. The additional current is due to possible short circuits.
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Ippq Testing Advantages

At Speed
Functional

At Speed

looq Testing Functional

Ipoq Testing

Scan Testing Scan Testing

HP Data IBM Data

Defect Detection by using ~100 vectors
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CMOS Logic Circuit Operation
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Side Effect
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The Ipq current is the sum of all |, & I, currents in the quiescent state
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Ippq Current Dependencies
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e Process variations
e Temperature variations
¢ The applied input vector
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A Typical I, Testing Scheme
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Ippq Testing Challenges (1)
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Technology Evolution and I, Testing

With technology evolution:
e the number of transistor/IC increases
e the intrinsic |, current increases
* the variations of Iy, current increases
e the level of the “defective” current that must be detectable
decreases

The difficulty to discriminate the “defective” current
from the intrinsic I, current in an ICis increased !
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Ippq Testing Drawbacks
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lppq Testing Support (1)

Technology based techniques:

e Temperature lowering

e Separate power pins for sources, wells and substrate
* Reverse (back) bias techniques

e Multi-threshold transistors

e More independent power supply pins

e Circuit partition

e Built-in current sensors

e Silicon on Insulator (SOI) technology
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Temperature Lowering
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Independent Power Pins — Partitioning
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lppq Testing Support (l1)

Test data analysis based techniques:

* Alppq testing

* The current ratio technique
 Multi-parameter I, testing techniques
e Cluster analysis

* Ippq estimation based techniques

e Test vector selection
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The Al Testing Technique
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Prototype Testing
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Production Testing
a) For each die the Iy, current
for the vector that provides
the min Iypq is measured.

b) The measured min Iy,, value
is used to determine the max
lppq Value exploiting the
current ratio.

c) The calculated max Iy, value
is used as the |, for the rest
lppq Measurements.
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Multi-Parameter I, Testing Technique

The maximum operating frequency
and the Iypq current can be
used to discriminate fast (high
frequency) dies and slow (low HA
frequency) dies from defective dies.
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Compensation Current Generation
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Background Compensation I, Testing
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lboq Dependence on the Input Vector

There is a strong dependence of the I, current to the applied input vector

Solution: The use of a CMA with programmable current gain!

v’ Proper selection of test vectors (through simulations)

v’ Grouping of test vectors with neighboring I, currents

The number of test vectors for I, testing is too small !!
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