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ABSTRACT

This paper presents a systematic test methodology targeting bus
line interconnect defects using lppr testing and Boundary Scan.
Traditional test is unable to detect all possble defects, especially
timing-related faults. Open and short defects on interconnects
between embedded modules can be detected by lopr testing.
Boundary Scan can provide accesghility to internal buses. A
statistical analysisis presented discussng the uncertain factors
due to processvariations and power fluctuation. The

eff ectivenessof the proposed technique on shorts, opens or the
other non stuck-at fault type defectsis alsoill ustrated.
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1. INTRODUCTION

Today's advanced VLSI technology uses a variety of embedded
cores in a single chip connected through buses. They are
connected together through a common interface, drivers and/or
receivers. Specific drivers are used to drive long metal lines in
order to propagate the signals to ather ends. Consequently, a bus
system with long wires their resistance and capacitance may
cause excessve noise dfecting circuit’s performance [1].
According to the SIA Roadmap, significant rise in the critical
path delay in Degp SubMicron (DSM) technologes is mainly
attributed to interconnects [2].  Although noises might be
minimized during design, manufacturing introduced defects, e.g.
bridging o opens, may exaggerate their effects. These dfects
include delay, glitches or transient faults [2][3][4]. Other DSM
defects are due to Electromigration [5].

Traditional test techniques are unable to detect DSM defects in
advanced circuits. The Ippg test methodology suppements
traditional testing by monitoring the static supdy current in
CMOS. However, the dfectiveness of Ippo testing in DSM is
reduced by the increasing sub-threshold le&kage in CMOS
transistors. Thus, Ippt testing becomes a better alternative than
Iopg testing for DSM. The esence of Ippt is to capture the
current due to the transistor switching activities. This current
could range from pPA to mA, which is much larger than lppg
(about hundeds of nA). Moreover, lppr testing can perform at a
higher speed and higher resolution than Ippg, Which has to wait
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till t he current reaches the quiescent state [6][7][8][9][10].

Frenzel et a. applied a Power Supdy Signature Analysis to
compare the complete power supgy current of the circuit under
test to the one of the fault-free circuit [11]. Makki et al.
monitored the dynamic aurrent acrossa resistor connected from
the power suppy to the circuit power bus[12]. Plusquellic et al.
analyzed the transient signals of a device measured
simultaneously at multiple test points [13]. Beasley et al.
monitored the transient current by pulsing the power supgy rails
[14]. Cole & a, detected the changes in power demand of ICs
owing to the limited response time of a voltage source [15].
Vinnakota reduced the impact of processvariations by using the
ratio o the energy disdgpated from two distinct input vectors
[16].

For an embedded design, test accessto eech individual core has
to gothrough the core’' s test interface. Many proposal s presented
at the IEEE P15000suggest that boundary scan design is dill an
appropriate test structure for interconnects. Therefore, we adapt
Boundary Scan to be our test access sructure [17]. Since the
fault detection mechanism of Boundary Scan is based on the
stuck-at fault model, improving the defect coverage of boundary
scan by integrating lopo/lopT testing is needed. Redl et al.
integrated Boundary Scan and Ippg by using an on-chip monitor
[18]. Since transient current only exists during the transitions of
the MOS transistors and the period is dort, it is very hard to
trace it without using expensive probing equipment. We propose
a charged-based on-chip current sensor to solve this problem.

2. BACKGROUND

The embedded cores have an interface circuitry to interact with
the interconnect system. At output/input ports, drivers/receivers
isolate interconnects from the core logc and bis repeaers
maintain signal integrity. An interconnect line (metal) could
simply be modeled as a group of uniformly distributed RC
networks.

The shape of transient current waveform could be very
complicated to inspect. We propose acharge-based methodol ogy
that applies Ippr testing systematically to collect the disspated
charge of interconnect bus during test. Our assumption is that
the driver block usually is composed of inverters with power
transistors. The disdpated charge is caused by the foll owing
threetypes of current in a CMOS circuit.

1. Themagjor contribution of the disdpated charge comes from
the switching current. This current is due to the charging
and dscharging o parasitic capacitors (including transistor
and load capacitance) associated with the transitions of
internal nodes and gates.



2. Short current occurs when a direct path between the power
supply node and ground is established due to simultaneously
turning on both NMOS and pM OS transistors.

3. Leskage current is the background current, which is
measured during a stable state. It is of the order of nano-
amperes. Generally, it may be ignored for Ippr testing.

3. PROPOSED TEST SCHEME

Our approach employs Boundary Scan to solve the accessibility
problem of bug/interconnect from outside the die and a Built-In
Transient Current Sensor (BITCS) to capture the test responses.
Boundary Scan wraps around embedded cores by inserting
Boundary Scan Cells (BSC) between the interconnect drivers and
core logics, thus separating the two of them shown in Figure 1.
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Figure1: Ippr Testing Scheme with Boundary Scan

3.1 A FeasbleBuilt-in Current Sensor

A Dbuilt-in sensor integrated in a common CMOS fabrication
processwith other circuitry is dhown in Figure 2 [19]. A circuit
mirror serves as a current sink to reduce transient current across
the built-in capacitor and isolate the test circuitry to avoid
disturbing the normal driver operations. Some works proposed
an untalanced CMOS current mirror to reduce the monitored
transient current without losing its sensitivity [20]. The down
side is the offset current continues flowing through the circuit
uncer test while the power is engaging. Therefore, we cannot
measure Ipp at a steady point. Using an A/D converter to
interpret the analog signal also increases the cost and loses test
resolution. Instead of that, we proposed an on-chip sensor
converting the disspated charge into the associated test time.

Buswires

Our current mirror reduces the impact of the voltage devation of
the ground duing testing by applying a negative pull down
voltage (-VT) equal to the threshold voltage of M1. We can also
wire the ground out during normal operation via the diamond
shape node. Not only did we reduce the M1 size but aso
eliminated the nead of dual polarity power supgdy. The tradeoff
isone extra primary output pin. M1 serves as a current sink for a
large amount of current during norma operation and always
operates in the saturation region. It should support the current
from the driver block. Hence,

(W) M1 > k(W) Drivers

where k is the number of bus drivers connected to the sensor,
and (WI/L) isthe transistor’s channel width/channel length.
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Figure 2: A Built-in Current Sensor

For large transient current, k becomes very large, ending up with
an impractical W/L value for M1. To solve this problem, we
partition interconnect drivers into several smaller blocks. Each
small block comes with an identica current sensor.  For
example, after partitioning, there ae m equivaent blocks and
each bock has k drivers which must drive different lines. Thus,
we need m built-in identical sensors. For an nbus line,
m=[N/K] caiting. To efficiently use the sensor, k must be & least 2.
On the contrary, M2 should be & small as posshble to reduce the
size of capacitor Cs. Since M1 and M2 are fabricated on one
chip, they have common semiconductor parameters. The ratio o
of the drain to source current between M1 and M2 transistor is

a= lMl:BﬁE /B’lH
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where Im1 and Iu2 are the drain to source current of M1 and M2
transistors, respectively.

3.2 VOLTAGE COMPARATOR AND BUILT-IN
CAPACITOR

A voltage comparator is used to compare the capacitor voltage
with a reference voltage Vie. Signa DONE indicating the
completion of one sub-test becomes high when V. drops below
V. The value of Cs is critical. Cs cannot be too small to
contain all the induced charge by the M2 current in a single
cycle. Yet, alarge Cs may end up with longer test time. Assume
that the sensor must have at least 1% resolution and it is placed
at the ground end; then we must have

Cs AV, > 100%Cioad XV DD

where AV, is the voltage difference between Vpp and Ve, and
Cioad is the load capacitance of the driver block. Vi« is the
reference voltage and usually larger than Vin(M2), the threshold
voltage of the transistor M2. M2 keep operating in the saturation
region before a sub-test completes. Transistor M3 controls the
charging operation of the capacitor. Its size must be large
enough in order to pre-charge the capacitor before the next sub-
test starts. In CMOS fabrication, it is very hard to accurately
process a built-in capacitor with a desired capacitance. We will
need to use a statistical analysis to manage the influence of
capacitor variations.

3.3 SPICE Simulation of the Current Sensor

Fr a 2mmx1um metal-3 wire implemented in HP CMOS14TB
0.5um technology (A=0.3um), the resulting capacitance of M3 to
substrate according to the previous capacitance equation is

2mmx10°um/mmx(0.0092+2x(0.0054+0.1021)fF/pm=0.4484pF



Suppose a poly-active capacitor with 3500 aF/um?® and Vg is
equal to ¥2Vpp. Vpp is 3.3Volt. To reach 1% resolution, the
capacitor areais 256<100 pm> If Iwy/ Imz(a)= 100, we reduce
the capacitor areato 256 um?.
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Figure 3: Dissipation Ratios of V. dueto Different a Values

Figure 3 shows the voltage drop at V¢ for four different values of
o, whichare 1, 2, 5and 100 The aspect ratios of p-channel and
n-channel transistors of the drivers are (W/L),=(12/2) and
(W/L)n= (3/2) respectively. The aspect ratio o M1 is (W/L)m1=
(30/2) for all simulations while we changed (W/L)m1 to (30/2)
when a=1, (152) when a=2, (6/2) when a=5,or (3/20) when
0=100. We aaumed the drivers load capacitance and output
impedance ae 0.4484g (interconnect capacitance) and 5@
respectively. To match the load capacitance, Csis defined as
0.4484¢. Signal DONE falled to low while V¢ drops below
1Volt.

4. POWER CONSUMPTION SIGNATURE

ANALYSIS

The dficiency of Ippr testing can be significantly degraded due to
process and power variations. To aleviate their impacts on
testing, we propose Power Consumption Signature Anaysis
(PCSA). PCSA is to lodk for the high probability of matching
among different components in a circuit by using statistical
analysis on the information that all components on a die use a
common process It is very suitable for testing multi ple identical
components in a circuit like the interconnect system. For n-line
bus, the dimensions and relative positions for these wires are
determined and fixed after the layout completion.

Definition 1. Given an nline bus, its power consumption
sighdaure [PCS, PCS;, .., PCS] is a ndimension vector whose
elements are the ratios of the amourt of the disspated charge of
the wires to their average charge for a set of comnon inpu
vectors.

In Figure 4, the induced capacitance C; for Linex includes the
areacapacitance Cy. of Line to top (bottom) layer and the line
capacitance C1 and Ca3 of Lines to Liney and Lines respectively.
The line to top (bottom) capacitance depends on the isolated
distance between line and top (bottom), the geometry of line
(line length x line width x height), and delectric. The factor of
line geometry mostly relies on its areacapacitance (line length x
line width).and fringing capacitance line (line length x height).
Mostly, area capacitance for bus lines in a same layer are
identical. The lineto-line capacitance dso depends on the
distance between two lines, the dielectric, and the line geometry.
Usually, the middle line has higher capacitance than the outer

lines. For bus lines, they have same geometry, dielectric and
length (for most buses), so the stored charge on an individua
line is proportional to the wire length. In the red world induced
capacitance eists among different layers. The vaue of line
capacitance can only be estimated after placement and routing

Bottom

Figure4: Thelnduced Capacitancesin a 3-line Bus

Suppose the disdpated charges at threewires are Q1, Q2 and Qs.
L1, L2 and L3 are the wire lengths, respectively, obtained from
the layout tod. PCS vector isthen

PCS=[PCS,PCS,,PCS] = (L, +L, +L,)/(Q +Q, +Q)[Q/L,,Q, /L,.Q,/ L]

Most bus lines have identical length. In a physical circuit, the
amount of disdpated charge may vary due to process variations.
A succesdully defined design corner is very important to the
effectiveness of this method. Therefore, an escape vector is
defined by specifying the limits of the safe zone

Definition 2: An escape vector [s1, S,..., S1] IS a vector whose
dements are gud to the standad deviation d the power
consumption signatures PCS's which are statistically obtained
fromthe previous runs.

Escape vector is a statistical measure of how widely values are
dispersed from the average value. A safe zone is the aeawhere
a circuit is considered as non-defective if al elements of its
power consumption signature ae located within the region
shown in Figure 5.

PCS

4/ 3

PCS,

1st 2™ n'th Bus
fine e ine  Lines

Figure5: ThePCSVectors

PCS analysis measures the total consumption charge, which is
the integral of the transient current during a given period of time
T. Aswe know, awirein an integrated circuit can be considered
as a large capacitor. At the charging cycle, Ipp flows from the
power suppy to elevate the voltage level of the line being Vop.
During the discharging period, Ipp flows to the ground, causing
the voltage level back to zero. Therefore, the charge Qi at each
nodei can be derived hy the foll owing equetions.

Qi = z CI] (VI (t) _Vq (t))

where C; is the capacitance of the i’th node to the substrate, Cj;
is the coupli ng capacitance between the i’th line andthe j’'th line,
and V;i(t) is the instant voltage & the i'th node. The tota
disgpated charge Quwwa for the interconnect system is the
summation of Q. the disdpated charge for a single transition
ocaurring at node i is obtained by using specific test vectors.
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where Vi=Vpp, else =0. Hence, the aserage power consumption
(avQ) for the interconnect system becomes

zQ VoY ZC"

avQ =

where 1<i,j<n.

When al wires are identically long, the PCS vector besomes
8] nzc nzc ny Cu E
FreTE T

After placement and routing, the final geometry of interconnect is
determined. Then, we compute the PCS values with the parasitic
parameters extracted by an extraction tod. If there exists a
coefficient a on Cs due to the global processvariations, a will be
eliminated. In the other words, PCS analysis is done extensively
by computing the capacitance difference anong all individual
lines, so capacitance-related defects is detectable.

Idedly, the dements of the PCS vector in a interconnect system
should approach 1 duwe to all bus lines are identically long and
wide. If a short ocaurs in interconnects, the static aurrent will
incresse due to the bridging between lines. PCSA will show
extremely unbalanced shape. But if they are shorted al together,
PCS could become [1,1,..,1], too. However, the short is
detectable by observing the aerage disdpated charge. In
practice, each indvidua line should have different line
capacitance unlessthey are exactly identical 2-line bus or they
are shorted all together.

4.1 TEST STRATEGY

A safe zone defined by a standard deviation +o is used to
guaranteethe succesdul separation of the goad circuits from the
bad ones with the variance of the PCS analysis. Unlessall the
elements of the PCS matrix for a circuit fall into its safe zone, it
is considered asfailed. Thetest strategy is siown in Figure 6.

PCS=[Q, Q... Qul(1/aQ) =

Parasitic SPICE
Layout Extraction Simulator

0
from Process
Specification

Produt || [ Traditiond Iop Test

Shipping : Logic Test (PCS Andlysis)
! Reliability Test

i

Figure 6: Test Strategy for Power Consumption Signature

When we have the final layout, we use aparasitic extraction tod
to creade aRCL network for the interconnect system. A SHCE
tod is used to run a PCS anaysis. SmMPCS derived from
technology parameters. Simo is an estimated value from the
manufacturing yield of the past. The fabricated chips in a run
have to passtraditional test. If it passes, we continue to lppr test.
If thisisthe first run of this chip, we compare the test result with
SimPCS and simo. Otherwise, we compare the test result with
the ones (calPCS and cal ). calPCS and cal g are the historical
statistics from the previous PCS analysis. Under normal

distribution, calPCS is the median of the values of PCS, and
cal g isthe standard deviation. So
PCS,

n

calPCS, = good Tirtits
n

> (PCs,, - PCs)*
ca]g—l =qf
n
wherei isthei’th element of the PCS vector and nis the number
of the goad circuits that pass the traditional test. calPCS and
calg will be updated after the completion of testing. After
product shipping, the PCS technique traces the variation of
interconnect capacitance for reliability test.

4.2 Test Vectorsfor Our Test Scheme

Our test strategy is to measure ea@h bus line individualy. When
we test asingle line, we gply a sequence of pulses on it. A set
of two-pattern test vectors is used to generate pulses. Each test
vector consists of 2 dfferent patterns applied on a single line for
interconnect testing. For n line bus, we will isae 2n test
patterns to n wires. Each two-pattern vector repeas urtil one line
test completes. For example, the patterns for the first two-pattern
vector in athreeline bus are (000and 10Q. They are repeaedly
applied on the bus wires. After one sub-test is complete, we
apply the second two-pattern test vector on the second line, and
so . The test sequence is sown in Figure 7. When all done,
we gply the compli ments and repea the same test again.

Figure7: Test Sequencefor a 3-line bus

4.3 PCSModeling and Simulation

We conducted an experiment with four coupled identical lines in
a bus environment. Our environment foll ows the technology HP
AMOS14TB. We conducted electromagnetic (EM) analysis at 50
MHz to extract parasiti c parameters. Four M1 wires were placed
paralel with 1um above the substrate. Their length and width
are 2mmand 1um. Artificial defects were injected into the lines
by inserting notches (D1) or placing hole on the lines (D3). We
also creaed an example of irregular geometry. Open and short
faults were considered too. In our case, Line 2 is defective.

EM analysis generated a SACE transmisson line model. Port 1
to Port 4 connect to inverters individually; say Driver 1 to Driver
4. We obtained our transistor parameters from MOSIS. M1
capacitance has 0.179 variation. Therefore, if the deviation of
test dataisover 0.179 we consider it fail s. The disspated charge
was monitored at the ground end of the driver block. Pulses
were gplied to the driver inpu while the other one remained
quiescent. The pulses were & 50MHz with the duty cycle 50%
andthe rising and falli ng time of 2ns. Suppy voltage is 3V. Our
simulations ran a three different modes. The 1% run was at
3volts and wsed the MOS models derived from the 1st run. The
2" run was conduwcted wsing the MOS models derived from
different runs. Thelast one ran at 3.3 volts with the 1% model.



Table1: PCS Signaturesusing 1% Run Models and 3 Volts

PCS |PCS|PCS | PCS, || 01 | 02 | O3 | Oa
good | 0.96 | 1.03| 1.03 | 0.98 |[0.18] 0.18 |0.18| 0.18
open | 113 | 05 | 122 | 1.14 (0.18|-051]0.18| 0.16
short | 1.92 [ 1.92| 0.08 | 0.08 [[1.00| 0.86 |-0.92| -0.92
D1 | 1.08 /089 1.12 | 091 |[0.13]-0.14]0.09| -0.07
D3 | 1.02 | 101|101 | 097 |[0.06]-0.02]-0.02| -0.01

Table 2. PCS Signatures Using 2™ Run Models and 3 Valts

PCS, |PCS;| PCS | PCS, || 01 02 g3 04
good | 097 |[1.02] 1.03| 098 | 019] 019 | 0.19 | 0.19
open | 1.18 [ 056 1.07 | 1.19 || 0.22 | -0.45| 0.04 | 0.21
shot | 1.92 [1.92] 0.09 | 008 || 0.98 | 0.88 | -0.91 | -0.92
D1 | 10709 112|091 010]|-012]| 0.09 |-0.07
D3 [1.02] 1 |101]097]005]-002]-0.02]|-001
Table3: PCS Signatures Using 1°" Run Models and 3.3
Volts

PCS, | PCS, | PCS; | PCS, 01 a2 O3 04
good | 097 | 1.02|1.03| 098 |[ 0.19 | 0.19| 0.19 | 0.19
open | 111 | 058 118|112 || 014 |-043| 0.15 | 0.14
shot | 1.92 | 1.92]0.08( 0.07 || 0.98 [ 0.88]-0.92 | -0.93
D1 106 [ 091]111| 092 | 0.09 |-0.11| 0.08 | -0.06
D3 | 102 | 1 [101]097 | 005 [-0.02]-0.02-0.01
Table4: PCS Signaturesfor Curved BusLines

PCS | PCS, [ PCS; |PCSif| 01 | 0o | O3 | Oa
good | 097 | 1.02 | 1.02 [ 099 0.18 | 0.18 [ 0.18/0.18
open | 110 | 057 | 1.17 | 115 0.13 | -044 | 0.15|0.16
short | 1.91 | 1.91 | 0.09 | 008 0.97 | 0.87 {-0.91]-0.92
D1 [ 097|098 | 1.03 | 1.01 | 0.00 | -0.04 | 0.01|0.02
D3 [ 096 ] 103 | 1.01 | 100 -0.01| 0.01 |-001/0.01

Table 1-3 list the PCS signatures and standard deviations of four
straight wires. Table 4 lists the cases have curves. Acoording to
these tables, opens and shorts have deviations over 20%.
Obviously, PCS analysis detects opens and shorts. However, the
wires defective due to their geometry and electro-migration are
obviously hard to differentiate from goad circuits. Therefore,
another test scheme should be used to detect them. We will
addressit in the future research.

5. INTERCONNECT TESTING WITH

BOUNDARY SCAN

The 11491 IEEE Boundary Scan provides a test environment
that can accessthe I/0O of embedded cores from top-level. We can
just use an additional power source connected to the interconnect
drivers and monitor the transient current waveform externally.
This approach could reved more signal information. However,
the traditional dynamic aurrent testing result is hard to capture
without expensive external test equipment especialy in a very
high-spee circuit. Moreover, due to the complexity and variety
of posshble current waveforms, it becomes very difficult to detect
a defective device by monitoring the consumption current
waveform. Our ideais to use our BITCS which simply count the
number of test cycles during a repeded test vector period insteal
of using an A/D converter to interpret the analog waveform as
digital signal.

5.1 Enhanced Boundary-Scan Cell

To utili ze Built-in Transient Current Sensor (BITCS), we neel to
generate interconnect test vectors which must be le to target
the defect. We had shown ealier how to design a set of test

vectors and repeaedly apply these pulses to the wire under test.
Since there is no extra clock cycle to wait for another vector, at-
spedl test is posshle.

In order to provide the capability for traditional test as well as
IopT testing, we modified Boundary Scan Cells (BSC), as down
in Figure 8. The proposed enhanced BSC keeps the origina
boundary scan function bu aso becomes a two-pattern vector
generator (a pulse generator) as needed. Theidentical feaure for
bi-directional /O portsis avail able too.

ModeCortrol ~ TVG_en  Sour ShiftoR

Q Dy
_R2

DONE

s
{ START

8IS

UpdateDR

Bus Driver
(Output Port only)

Figure 8: Enhanced Boundary Scan Cell

In Figure 8, the instruction registers control two control signals,
TVG_en andBIS_en. Their mechanism isill ustrated as foll ow

i. TVG_en = 0, the BSC works like astandard boundary-scan
cell.

ii. TVG_en =1, the BSCs at output pin are configured as a two-
vector set test pattern generator, while the BSCs at input pin
are used to capture the data for stuck-at fault detection.

iii. BIS en =1lisaglobal signal that activates the built-in sensor
and Test clock bypassfeaure.

iv. DONE also is a globa signal that is connected to TDO by
muxing with the output of the last BSC in the scan peth.
MUX selects the DONE signal when BIS_en =1 and START
=1.

v. TAP controller generates the signal START. The purposeisto
trigger the sensor to start.

One aditional instruction “CEXTEST” utilizes this test
structure. It is mostly like the EXTEST instruction except it
enables Ippr testing. A test clock bypass s$gnal pauses date
“UPDATE-DR” during lppt testing shown in Figure 9. Signal
START comes out from the TAP controll er to activate the bypass
circuit. The bypasscircuit is then disabled by signal DONE.

| Tck

DONE |
— BIS en
TAP START
UpDateD@
BITCS|
' Py

TDO TD1

Figure 9: Modified Boundary-Scan with the Bypass Cir cuit

5.2 lIppr Testing via Boundary Scan

A standard boundary scan instruction, EXTEST, preset R2 at the
output ports to a desired state. Due to the functionality of the
proposed current sensor, the state of the BSCs after the



completion of a subtest is unpredictable. The EXTEST
instruction presets the BSCs by enabli ng the scan operation. The
BSCs at the output pads are used to drive the pads. The inpu
cell s capture the test data while the TAP controller enters the
Capture DR state. Two instructions, EXTEST and CEXTEST,
swap back and forth for each two-pattern vector shown in Figure
10. EXTEST presets the data-register to the proper state. Then,
we run lpp test using CEXTEST. Therefore, the test cycle (the
number of clock cyclesto complete atest vector) is

TestCycle=2x (11+lengthiR+lengthDR) + (C, / C,, )(clock _cycles)

where lengthIR and lengthDR are the lengths of the instruction
register and the data register. C; is the capacitance of the built-in
capacitor and Cir is the interconnect capacitance

RESET/INITIALIZE all Boundary-Scan Registers,
FOR EACH Ipp test pattern
{ CLEAR counter_clk_cycle;
SELECT IR-Scan;
ISSUE EXTEST command;
UPDATEIR;
SELECT DR-Scan;
PRESET DR with predefined vedors,
UPDATEDR,;
SELECT IR-Scan;
ISSUE CEXTEST command;
UPDATEIR;
SELECT DR-Scan;
LOAD thelpp test patterns,;
CHECK the Shift-out Data;
WHILE (DONE="0)
{ UPDATE dataregisers,
INCREMENT counter_clk_cycleBY 1;}
RECORD counter_clk_cycle;}
DO PCSanayss
END of PSEEUDOCODE;

Figure 10: Pseudo-code for Interconnect Ipp Testing

6. CONCLUSION

This paper presents a systematical bus/interconnect testing
method incorporating Ippr testing and Boundary Scan. A charge-
based analysis methodology for Ippr test reduces impacts due to
procesgpower variations. A proposed enhanced Boundary Scan
complies with 11491 IEEE Std. Two-péttern test vectors are
generated inside BSCs to test iinterconnects. A feasible built-in
transient current sensor illustrates the practicability and
adaptability of this approach in today's popuar CMOS
technologes. A solution to minimize the A/D signa translation
effort is also presented in the paper.
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