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The The IIDDQDDQ Testing TechniqueTesting Technique

Theoretically, the current monitoring (IDDQ testing) technique is one of the most
effective techniques for the discrimination of defect free from defective circuitseffective 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 (IDDQ 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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CMOSCMOS Logic Logic Circuit OperationCircuit Operation
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CMOSCMOS Circuit DefectsCircuit Defects

NAND Vdd

A B ??

V(A) V(F)

A

A

B

B

F

Cload

Gnd

“1”“1”
??

time
I(Vdd)

IDef

Current Monitoring 6

Gnd

“1”“1”

time

IDef



4

Side EffectsSide Effects
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IIDDQDDQ Current Dependencies Current Dependencies 
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• Process variations
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• The applied input vector
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Ioff: S/D subthreshold leakage current

IDsat: NMOS drive current 
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Technology Evolution and Technology Evolution and IIDDQDDQ TestingTesting

With technology evolution:
• the number of transistor/IC increases• the number of transistor/IC increases
• the intrinsic IDDQ current increases
• the variations of IDDQ current increases
• the level of the “defective” current that must be detectable 
decreases
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The difficulty to discriminate the “defective” current 
from the intrinsic IDDQ current in an IC is increased !

IIDDQDDQ Testing DrawbacksTesting Drawbacks
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IIDDQDDQ Testing Support Testing Support (Ι)(Ι)

• Temperature lowering

Technology based techniques: 

p g
• Separate power pins for sources, wells and substrate
• Reverse (back) bias techniques
•Multi‐threshold transistors
•More independent power supply pins
• Circuit partition
• Built‐in current sensors
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• Silicon on Insulator (SOI) technology

Temperature LoweringTemperature Lowering
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Separate Power Pins Separate Power Pins –– Back Back ΒΒiasias
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Test data analysis based techniques:

IIDDQDDQ Testing Support Testing Support ((ΙΙΙΙ))

• IDDQ testing
• The current ratio technique
•Multi‐parameter IDDQ testing techniques
• Cluster analysis
• IDDQ estimation based techniques
• Test vector selection
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The The IIDDQDDQ Testing TechniqueTesting Technique
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Current RatiosCurrent Ratios

IDDQ max IDDQ min IDDQ

Prototype Testing Production Testing
a) For each die the IDDQ current

for the vector that provides

Test Vector
2 30 4 51 6 7 8

for the vector that provides
the min IDDQ is measured.

b) The measured min IDDQ value
is used to determine the max
IDDQ value exploiting the
current ratio.
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Current Ratio =  =
max IDDQ

min IDDQ
c) The calculated max IDDQ value

is used as the ITH for the rest
IDDQ measurements.

Agilent

MultiMulti‐‐Parameter Parameter IIDDQDDQ Testing TechniqueTesting Technique

Adjustable Limit

The maximum operating frequency
Fmax and the IDDQ current can be
used to discriminate fast (high
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Cluster AnalysisCluster Analysis
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There is a strong dependence of the There is a strong dependence of the IIDDQDDQ current to the applied input vectorcurrent to the applied input vector

IIDDQDDQ Dependence on the Input VectorDependence on the Input Vector

SolutionSolution:: The use of a CMAThe use of a CMA with programmable current gainwith programmable current gain!!

 Proper selection of test vectors Proper selection of test vectors ((through simulationsthrough simulations))

 Grouping of test vectors with neighboring Grouping of test vectors with neighboring IIDDQDDQ currentscurrents
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The number of test vectors for IDDQ testing is too small !!
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